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Thank you for purchasing the WT500 Power Analyzer. The WT500 is an instrument
capable of measuring parameters such as voltage, current, and power with high
precision.

This user’s manual explains the features, operating procedures, and handling
precautions of the WT500. To ensure correct use, please read this manual thoroughly
before beginning operation. Keep this manual in a safe place for quick reference in the
event that a question arises.

This manual is one of two WT500 manuals. Please read both manuals.

Notes

Trademark Acknowl

Revisions

1st Edition : June 2008 (YK)

Manual Title Manual No. Description

WT500 Power Analyzer IM760201-01E This manual. Explains all WT500 features,

User’s Manual except for the communication features, and
the operating procedures that relate to them.

WT500 Power Analyzer IM760201-17E Explains the features related to using

Communication Interface communication commands to control the

User’s Manual (CD-ROM) WT500.

The contents of this manual are subject to change without prior notice as a result

of continuing improvements to the instrument’s performance and functionality. The
appearance of the figures given in this manual may differ from the appearance of your
actual display.

Every effort has been made in the preparation of this manual to ensure the accuracy
of its contents. However, should you have any questions or find any errors, please
contact your nearest YOKOGAWA dealer.

Copying or reproducing all or any part of the contents of this manual without the
permission of YOKOGAWA is strictly prohibited.

The TCP/IP software of this product and the documents concerning it have been
developed/created by YOKOGAWA based on the BSD Networking Software, Release
1 that has been licensed from the Regents of the University of California.
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Checking the Package Contents

After receiving the product and opening the package, check the items described below.
If the wrong items have been delivered, if items are missing, or if there is a problem with
the appearance of the items, contact your nearest YOKOGAWA dealer.

WT500

Check that the model name and suffix code given on the name plate on the side panel
are the same as those on your order.

O MODEL
SUFFIX
i e Lo,
5 A YOKOGAWA 4
]:I] Made in Japan
MODEL and SUFFIX Codes
Model/ltem Suffix Code Description
760201 Number of installed input elements: 1
760202 Number of installed input elements: 2
760203 Number of installed input elements: 3
Power cord -D UL, CSA standard power cord
-F VDE standard power cord
-Q BS standard power cord
-R AS standard power cord
-H GB standard power cord (CCC-compatible)
Options /C1 GP-IB interface
/C7 Ethernet interface
/EX1 External sensor input (only selectable with the 760201)
/EX2 External sensor input (only selectable with the 760202)
/EX3 External sensor input (only selectable with the 760203)
/G5 Harmonic measurement
/DT Delta computation
FQ Frequency measurement add-on (enables simultaneous
measurement of all input elements)
V1 VGA output

Suffix Code Example
On a model with three input elements installed that comes with the GP-IB interface, external
input sensor, and harmonic measurement options and a UL, CSA standard power cord, the
suffix code is 760203-D/C1/EX3/G5.

NO. (Instrument number)
When contacting the dealer from which you purchased the instrument, please give them
the instrument number.
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Checking the Package Contents

Standard Accessories

The WT500 is shipped with the following accessories.

Item Model/Part No. Quantity Note
Power cord One of the following power cords is included according to the suffix code on the previous
page.
A1006WD 1 UL, CSA standard power cord
Maximum rated voltage: 125 V, Maximum rated current: 7 A
A1009WD 1 VDE standard power cord
Maximum rated voltage: 250 V, Maximum rated current: 10 A
A1054WD 1 BS standard power cord
Maximum rated voltage: 250 V, Maximum rated current: 10 A
A1024WD 1 AS standard power cord
Maximum rated voltage: 250 V, Maximum rated current: 10 A
A1064WD 1 GB standard power cord (CCC-compatible)
Maximum rated voltage: 250 V, Maximum rated current: 10 A
Rubber feet A9088ZM 1 There are two feet in a pair.
Current input protective B9319BX 1 Comes with two screws.
cover
Safety terminal adapter set 758931 Seethe = Same number of sets as the number of installed input
noteon  elements
the right.  760201: One set with one hexagonal socket wrench
760202: Two sets with one hexagonal socket wrench
760203: Three sets with 1 hexagonal socket wrench
User’s Manual IM760201-01E 1 This manual
Communication Interface IM760201-17E 1 CD-ROM
User’s Manual (CD-ROM part number: B931927)

(Printed manuals can be purchased separately. Contact your nearest YOKOGAWA dealer.)

Power cord (One of the following power cords is included according to the suffix code) Current input
— protective cover
A1006WD A1009WD A1054WD A1024WD A1064WD B9318BX
(-D) (-F) (-Q) (-R) (-H) .
Safety terminal Rubber feet Us_er’s Manual Com{nunication Interface
adapter set A9088ZM (this manual) User’s Manual
IM760201-01E IM760201-17 (CD-ROM)

758931

wgew T o @
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Checking the Package Contents

Optional Accessories (Sold separately)
The following optional accessories are available for purchase separately.

Item Model/Part Quantity Note
No. Sold
Measurement lead 758917 1 Two leads in one set. Used with the

separately sold 758922 or 758929 adapter.
Length: 0.75 m. Rated voltage: 1000 V.

Safety terminal adapter set 758923 1 Two pieces in one set. Rated voltage 600 V.
758931 1 Two pieces in one set. Rated voltage
1000V.
Alligator clip adapter set 758922 1 Two pieces in one set. For the 758917

measurement lead.
Rated voltage: 300 V.
758929 1 Two pieces in one set. For the 758917
measurement lead.
Rated voltage: 1000V.
Fork terminal adapter set 758921 1 Two pieces in one set. For the 758917
measurement lead.
Rated voltage: 1000 V. Rated current: 25 A.

BNC-BNC 366924 1 42V or less. Length: 1 m.
Measurement lead 366925 1 42V or less. Length: 2 m.
External sensor cable B9284LK 1 For connecting the current sensor input
connector of the WT500.
Length: 0.5 m.
Conversion adapter 758924 1 BNC-4 mm socket adapter. Rated voltage:
500 V.
Measurement lead Safety terminal Safety terminal Alligator clip
adapter set adapter set adapter set
758923 758931 758922

< S

Alligator clip Fork terminal BNC cable External sensor
adapter set adapter set 366924 (1 m) cable
758921 366925 (2 m) B9284LK

%

Conversion adapter
758924

&P
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Safety Precautions

This instrument is an IEC safety class 01 instrument (provided with a terminal for
protective earth grounding).

The general safety precautions described herein must be observed during all phases
of operation. If the instrument is used in a manner not specified in this manual, the
protection provided by the instrument may be impaired. Yokogawa Electric Corporation
assumes no liability for the customer’s failure to comply with these requirements.

The following symbols are used on this instrument.

Handle with care. To protect the instrument and its users, refer to the explanation
in the User’s Manual or Service Manual.

A Electric shock, danger

N Alternating current
~— Both direct and alternating current

| Power on

O Power off

L1 Power-on state
I Power-off state

J=— Grounding

IM 760201-01E



Safety Precautions

Failure to comply with the precautions below could lead to injury or death.

Use the Correct Power Supply

Make sure that the power supply voltage matches the WT500 rated supply voltage
and that it does not exceed the maximum voltage range specified for the power
cord.

Use the Correct Power Cord and Plug

To prevent fire and electric shock, use the power cord supplied by YOKOGAWA.
The main power plug must be plugged into an outlet with a protective earth
terminal. The earth protection will be nullified if you use an ungrounded extension
cord.

Connect to a Protective Earth Terminal

To prevent electric shock, be sure to connect to a protective earth terminal before
turning on the power. The power cord that comes with the instrument is a three-
prong cord. Connect the power cord to a properly grounded three-prong outlet.

Do Not Impair the Protective Grounding

Never cut off the internal or external protective earth wire or disconnect the wiring
to the protective earth terminal. Doing so may result in electric shock or damage to
the instrument.

Do Not Operate with Defective Protective Grounding or Fuses
Do not operate the instrument if its protective grounding or one of its fuses might be
defective. Check the grounding and the fuses before operating the instrument.

Do Not Operate in an Explosive Atmosphere
Do not operate the instrument in the presence of flammable gasses or vapors.
Doing so is extremely dangerous.

Do Not Remove Covers
Only qualified YOKOGAWA personnel should remove the instrument’s covers. The
inside of the instrument is dangerous because parts of it have high voltages.

Ground the Instrument before Making External Connections

Securely connect the protective grounding before connecting to the item under
measurement or to an external control unit. Before touching a circuit, turn off its
power and check that it has no voltage.

Operating Environment Limitations

CAUTION

This is a class A instrument designed for an industrial environment. Operation of
this equipment in a residential area can cause radio interference, in which case
users will be required to correct the interference.

vi IM 760201-01E



IWaste Electrical and Electronic Equipment

Ei Waste Electrical and Electronic Equipment (WEEE), Directive 2002/96/EC

(This directive is only valid in the EU.)

mmmm This product complies with the WEEE Directive (2002/96/EC) marking
requirement. This marking indicates that you must not discard this electrical/
electronic product in domestic household waste.

Product Category
With reference to the equipment types in the WEEE directive Annex 1, this
product is classified as a “Monitoring and Control instrumentation” product.

Do not dispose in domestic household waste. When disposing products in the EU,
contact your local Yokogawa Europe B. V. office.

IM 760201-01E vii



Conventions Used in This Manual

Notes and Cautions
The notes and cautions in this manual are categorized using the following symbols.

A\

CAUTION

Note

Improper handling or use can lead to injury to the user or damage
to the instrument. This symbol appears on the instrument to indicate
that the user must refer to the user’s manual for special instructions.
The same symbol appears in the corresponding place in the user’

s manual to identify those instructions. In the manual, the symbol is
used in conjunction with the word “WARNING” or “CAUTION.”

Calls attention to actions or conditions that could cause serious or
fatal injury to the user, and precautions that can be taken to prevent

such occurrences.

Calls attention to actions or conditions that could cause light injury
to the user, or cause damage to the instrument or user’s data, and

precautions that can be taken to prevent such occurrences.

Calls attention to information that is important for proper operation of
the instrument.

Symbols Used in Procedural Explanations
The procedural explanations in chapters 3 to 13 use the following symbols, characters,
and words to identify their contents.

Procedure

Explanation

Follow the order of the step numbers when carrying out procedures.
Procedural explanations assume that the procedures are being
performed for the first time. You may not need to perform every step
in a procedure when you are altering settings that have already been
made before.

Limitations and settings related to the procedure are explained here.
The feature itself is not usually explained here. For information about
the features themselves, see chapter 2.

Characters and Terminology Used in Procedural Explanations

Panel Keys and Soft Keys
Bold characters in procedural explanations are used to indicate panel keys that are used in the
procedure and menu items that appear on the screen.

SHIFT+Panel Key

When SHIFT+panel key appears in a procedural explanation, it means to press the shift key so
that it lights, and then to press the indicated panel key. The setup menu marked in purple below
the panel key that you pressed appears on the screen.

Units

k Denotes 1000. Example: 12 kg, 100 kHz

K Denotes 1024. Example: 459 KB (file size)

viii
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I Workflow

The figure below is provided to familiarize the first-time user with the workflow of WT500
operation. For a description of an item, see the relevant section or chapter. In addition
to the sections and chapters that are referenced in the figure below, this manual also
contains safety precautions for handling the instrument and performing wiring work. Be
sure to observe the precautions.

Prepare for Measurement

Install tie instrument

turn the power switch on

the wires.

Connect the power supply and

¥
Select the measurement method

@et the measurement conditions

) Section 3.2

-p Sections 3.3 and 3.4

--sp Section 3.8

Wire the circuit that you will measure ---» Sections 3.9 to 3.11
Read the precautions in sections 3.5 and 3.7 thoroughly before connecting

the wires. Also, if necessary, assemble the input terminal adapter that
connects to the voltage input terminal (see section 3.6) before connecting

=< Chapter 4

Measured power values

Integrated values
Delta computation (optional)

Display Measured/Calculated Results

«*pSections 5.1 to 5.5 and
5.13 to 5.16

--pSections 5.6 to 5.12

-pSection 5.17

Harmonic measurements (optional), --pChapter 6

bar graphs, vectors

Voltage/current waveforms --pChapter 7

Trends =»Chapter 8
. Y

J

¥

Acquire Data

Store data to internal memory
Save data to USB memory
Send data through the optional
Ethernet interface

- Chapter 9
- Chapter 10
«»Chapter 11

e
RGB video signal (VGA)
output (optional) - Section 12.1

Send data through USB or the
optional GP-IB or Ethernet interface.

<= Communication Interface
User’s Manual

IM760201-17E (CD-ROM)
_/
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Chapter 1 Component Names and Functions

1.1 Front Panel, Rear Panel, and Top Panel

Front Panel

Cursor keys

Set values (and select digits), move the cursor, and
select items in setup operations.

SET key

Enters or confirms the item or value selected using the
cursor keys.

SHIFT + SET (CAL) key combination

Executes zero-level compensation.

ESC key

Closes setup menus and dialog boxes.

SHIFT + ESC (RESET) key combination

Returns the item or value selected with the cursor to its
default value.

PAGE key

Because not all measured items can be displayed
on the screen at the same time, the WT500 uses
pages to display measured values. You can switch
between pages using PAGE VY and PAGE A.

(see section 5.1)

YOKOGAWA 4 WT500 v

LCD Setup menu display and operation keys
Handle These are the first keys that you press when you make
Use this handle to settings or perform operations. Pressing a setup menu
move the WT500. display key will display its corresponding setup menu.

Pressing an operation key will execute its
5- corresponding operation. (see section 1.2)

I-SHIFT key
When you press the SHIFT key, the key illuminates,
and pressing a panel keys produces the effect
USB ports indicated by the purple letters below it.
Use to connect USB memory
or a USB keyboard.

(see section3.1) ||| - @
2% =
Power switch @

(see section 3.4)

Rear Panel
Input element 1
(see section 2.3)

Input element 2

| Input ellement 3 GP-IB Connector (optional; see the Communication

Interface User's Manual IM760201-17E on the

CD-ROM)

Voltage input terminal — External clock input/External start signal output
For connecting voltage connector
measurement cables. =2 + Receives the synchronization source (signal), which
(see sections @ defines the measurement period. (see section 4.7)
3.8t03.11) A + Receives the external PLL source (signal) for
Ext I " o [F= harmonic measurement. (see section 6.3)

Xxternal curren 7 + Used when performing master/slave synchronized
sensor input © A :

t tional : measurement.(see section 12.6)

connector (_OP ional) R e el » Receives the external trigger, which determines when
For connecting the ©

a waveform is displayed. (see section 7.5)
external current

sensor cable.

(see section 3.10)

RGB video signal (VGA) output connector (optional)

Transmits image signals. (see section 12.2)
Current input terminal

For connecting current Power connector (see section 3.3)

measurement cables. USB port (PC) See the Communication Interface User’s Manual
(see sections 3.8, 3.9, IM760201-17E (CD-ROM).
and 3.11) Ethernet port (optional) (see section 11.2)
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1.1 Front Panel, Rear Panel, and Top Panel

Top Panel

[l B o ]

069600000~~~ -——""3,0,0,000
959595050 93988598
39358 32353
35553 5
093 38
203 3
3%, 08353
9090%0, 090%0%
96909020, 020909090
3089898 8080508

Handle

009096069
939393080
09598

050

F

630
02020,
28989820,
0°6%C%___

Vent holes (see section 3.2
for details)

There are inlet holes on the bottom panel.
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1.2 Setup Menu Display and Operation Keys

This section describes the WT500 panel keys and their functions.

Display (see section 1.3)
OEO

CAL

Normal Mode Llnverf- -- Sczlingf LinEFélLE NULL: YOKOGAWA . .
B e 1l Boren Feorrli @ @ — Keys for changing the display
PAGE Element1,
Urms1 O OO n
" \ Element?. ‘ I !
uz2 100V
12 1n
Irms1 Element3 , RANGE \
0 . 0000 A 3 ELEMENT | VOLTAGE | CURRENT
@

—— Keys for setting the measurement

@) range
N oun | o/

ALL O AUTO O AU

a 0.00 w

M

Integ:Reset,
Time

__Keys for displaying
measured/calculated

results

Keys for setting measurement
conditions

Update  194(500msec)

<
POWER
MO ml
l FILE I IMAGE STORE
MENU STORE SET

Keys for data storage and saving

ALEGRATOR
START/ |
STOP J)
I i,

misc SHIFT

\JEY LOCK NULL —Other keys

— Integration key

Keys for Changing the Display
Cursor Keys (AV «»)

RESET AL Use these keys to move the cursor in setup menus and dialog boxes, to set values, to
@ @ select digits when setting numbers, and to select menu items.
SET
T 1 Use this key to display menus that you select with the cursor keys, confirm items and

values, and open a menu for changing displayed items when the menu display is turned
off in a numeric data display.

ESC

Use this key to close setup menus and dialog boxes, and to move up a level in a menu.
SHIFT+ESC (RESET) Key Combination

Use this key combination to return the item or value selected with the cursor to its default
value.

PAGEA and PAGEY

Use these keys in numeric value displays and other displays, when all of the measured
items do not fit into a single page, to change the displayed page. You can go to the first
page by pressing SHIFT+PAGEA and to the last page by pressing SHIFT+PAGEY.
SHIFT+SET (CAL) Key Combination

Use this key combination to execute zero-level compensation. When zero level
compensation is executed, the WT500 creates a zero input condition in its internal
circuitry and sets the level at that point to the zero level.

IM 760201-01E 1-3
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1.2 Setup Menu Display and Operation Keys

Keys for Setting the Measurement Range

=) (D@

ELEMENT
(e

®

ALL

RANGE

VOLTAGE | CURRENT

O AuTO

O AUTO

ELEMENT
» Use this key to select the input element that you want to set the measurement range

for. The selected input element will change each time you press ELEMENT.
* When selecting a wiring system, the input elements that are part of the same wiring
system will be selected together.
SHIFT+ELEMENT (ALL) Key Combination
Use this key combination to set the voltage and current ranges of all elements at the
same time. Press ELEMENT again to make settings for individual elements.
A and V (See sections 4.3 and 4.4)
Use these keys to select the voltage, current, and current sensor ranges. The ranges
selected with these keys are valid when the AUTO indicators described below are not
lighted (when the manual range feature is being used).
SHIFT+Y (AUTO) Key Combination
Use this key combination to activate the auto range feature (the AUTO indicator will light
when this feature is activated). This feature automatically sets the voltage, current, or
current sensor range depending on the amplitude of the received electrical signal. Press
SHIFT+VY (AUTO) again to activate the manual range feature (the AUTO indicator light
will turn off).

Keys for Setting Measurement Conditions

SETUP

INPUT INFO

SETUP
Use this key to display the Setup menu for setting measurement conditions. The following

items appear in the Setup menu:

¢ Wiring (See sections 4.1, 4.2, 5.7, and 5.8)
Select this item to display a menu for selecting the wiring system, configuring
individual input element settings, setting the efficiency equation, etc.

* Ranges (See sections 4.3 and 4.4)
You can select this item to set the voltage, current, or current sensor range, just as
you can with the panel RANGE keys. If you select AUTO, the auto feature will be
activated and the AUTO indicators underneath the RANGE keys will light.

¢ Scaling (See section 4.5)
Select this item to display a menu for setting the VT and CT ratios and the power
factor for each input element. The power coefficients are used to convert the VT/CT
output or the power derived from measuring the VT and CT outputs to the voltage,
current, and power of the object being measured.

¢ Sync Source (See section 4.7)
Select this item to display a menu for setting the synchronization source for each
wiring unit. The synchronization source defines the period (measurement period) over
which sampled data, which is used to produce numeric data (i.e., measured values
such as voltage, current, and power), is acquired.

* Filters (See section 4.8)
Select this item to display a menu for setting the line filter (which is inserted into the
measurement circuit) and the frequency filter (which is inserted into the frequency
measurement circuit) for each element.

* Update Rate (See section 4.9)
Select this item to display a menu for selecting the period (data update rate) at which
sampled data, which is used to produce numeric data (i.e., measured values such as
voltage, current, and power), is acquired.

¢ Averaging (See section 4.10)
Select this item to display a menu for setting the measured value averaging feature.

IM 760201-01E



1.2 Setup Menu Display and Operation Keys

¢ Integration (See sections 5.6 to 5.12)
Select this item to display a menu for setting the integration mode, integration auto
calibration, the integration timer, the reservation time, the watt hour integration method
for each polarity, and the ampere hour integration mode.

* Details.../Hide Details
Select this item to switch between displaying all menu items and only displaying a
portion of the menu items.

¢ Measure (See sections 5.3 to 5.5 and 12.6)
Select this item to display a menu for setting master/slave synchronized measurement
and for selecting the equation for apparent/reactive power and the format for phase
difference display.

* User Function (See sections 5.13 and 5.14)
Select this item to display a menu for setting user-defined functions and the MAX hold
feature.

* Freq ltems (See section 5.16)
This item only appears on models without the frequency measurement option. Select
this item to display a menu for selecting which frequencies to measure. Because
models with the frequency measurement option measure all voltages and currents,
this menu will not appear.

¢ Harmonics (See sections 6.3 to 6.5)
This item only appears on models with the harmonic measurement option. Select this
item to display a menu for setting the PLL source, the measured harmonic orders, and
the equation for the harmonic distortion factor, in harmonic measurement.

* Delta Measure (See section 5.17)
This item only appears on models with the delta computation option. Select this item
to display a menu for selecting the delta computation type and the voltage or current
mode that will be the object of delta computation.

Note

While displaying any submenu in the Setup menu, you can press PAGEA or PAGEY to display
the previous or next menu. This feature is useful when you want to check the measurement
conditions set in each menu.

SHIFT+SETUP (INPUT INFO) Key Combination

Use this key combination to display a list of the conditions for acquiring the data from
a measured voltage or current signal, such as the wiring system for each element, the
wiring unit, the measurement range, the scaling, the synchronization source, and the
input filter.

IM 760201-01E
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1.2 Setup Menu Display and Operation Keys

Keys for Displaying Measured/Computed Results

DISPLAY

(womeric] [ wave | { orers |

CURSOR

NUMERIC (See sections 3.16, 5.1, and 6.2)
Use this key to display numeric data.

» Each time you press NUMERIC, the number of displayed items switches in this order:
4 ltems > 8 Items > 16 Items > Matrix > All Items > Single List" > Dual List" > 4 ltems >
and so on.

*  Only appears on models with the harmonic measurement option.

* When you are displaying numeric data, you can press FORM, which is described later
in this section, to display a menu for changing the number of displayed items.

* When you are displaying numeric data, you can press ITEM, which is described later
in this section, to display a menu for changing the displayed items.

WAVE (See sections 3.16, 6.7, and 7.2)

Use this key to display waveforms.

» Each time you press WAVE, the waveform display split screen setting switches in this
order: Single > Dual > Triad > Quad > Single > and so on.

* When you are displaying waveforms, you can press FORM, which is described later
in this section, to display a menu for setting the time-axis of the displayed waveforms,
the trigger for waveform display, the number of waveform display split screens, and
the assignment of waveforms to split screens.

* When you are displaying waveforms, you can press ITEM, which is described later
in this section, to display a menu for selecting and zooming in on the displayed
waveforms.

OTHERS (See sections 3.16, 6.7, 6.8, 7.2, and 8.2)
Use this key to switch between the Trend, Bar Graph’, and Vector’ displays.
Each time you press OTHERS, the display switches in this order: Trend > Bar* > Vector*
> Trend > and so on.

*  Only appears on models with the harmonic measurement option.
FORM (See sections 5.2, 6.2, 6.7,6.8,7.4,7.5,7.7, 7.8, and 8.6 to 8.9)
Use this key to display a menu for setting the format of the display that has been selected
using NUMERIC, WAVE, or OTHERS.
SHIFT+FORM (CURSOR) Key Combination (See sections 7.9 and 8.10)
Use this key when you are displaying waveforms, trends, or bar graphs* to display a
menu for using cursors to measure waveform and graph values.

*  Only appears on models with the harmonic measurement option.
ITEM Key (See sections 5.2, 6.2, 6.7, 6.8, 7.3, 7.6, and 8.3 to 8.5)
Use this key to display a menu for setting the displayed items in the display that has
been selected using NUMERIC, WAVE, or OTHERS.

Keys for Data Storage/Saving

’ FILE I ’ IMAGE l ’ STORE l

MENU

STORE SET

FILE

Use this key to display a menu for saving and loading setup parameters, saving
measured data, deleting files, copying files, and so on.

IMAGE

Use this key to save the screen image data.

SHIFT+IMAGE (MENU) Key Combination

Use this key combination to display a menu for setting screen image data save options
such as the file name, data format, color mode, data compression, and comments.
STORE

Use this key to execute, stop, or reset a storage operation.

SHIFT+STORE (STORE SET) Key Combination

Use this key to display a setup menu for the storage feature.

1-6
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1.2 Setup Menu Display and Operation Keys

Other Keys
START/STOP Key
Use this key to start or end integration. You can view the integration condition in the

integration setup/condition display (see section 1.3).

- SHIFT+START/STOP (RESET) Key Combination
Use this key combination to reset the integrated value.

HOLD (See section 4.12)
Press HOLD to stop data measurement and display operations and to hold the numeric
display (the HOLD key illuminates when the numeric display is held). During integration,
the numeric display is held but measurement is not stopped. Press HOLD again to allow
the numeric data display to be updated (the HOLD key will no longer be illuminated).
SHIFT+HOLD (SINGLE) Key Combination (See section 4.12)
Use this key combination while the display is held to measure the signal once at the set
data update rate, and then to re-hold the display.
LOCAL
Use this key to switch from remote mode (the REMOTE indicator will appear at the upper
right of the screen) to local mode (in which front panel key operations are valid). This key
is invalid when the WT500 is in local lockout mode.
SHIFT+LOCAL (KEY LOCK) Key Combination
Use this key combination to turn the key lock on or off. When the key lock is on, no keys
or key combinations other than SHIFT+LOCAL are valid, and LOCK appears in the upper
right of the screen.
MISC
Use this key to display a menu for viewing the system status, initializing setup
parameters, configuring or viewing the settings of remote control through communication
commands (using the USB, GP-IB, or Ethernet interface option), setting the date/time,
selecting the message and menu languages, selecting the crest factor, setting the USB
peripheral interface, setting the optional Ethernet interface, setting the self test, etc.
SHIFT+MISC (NULL) Key Combination
Use this key combination to activate the NULL feature, which removes the DC
component from the sampled data (the NULL indicator appears on the screen when the
NULL feature is activated). Press SHIFT+MISC (NULL) again to deactivate the NULL
feature (the NULL indicator will no longer appear).
SHIFT
When you press the SHIFT key, the key illuminates, and pressing a panel key produces
the effect indicated by the purple letters below it. Holding down SHIFT for 2 seconds or
more will lock the WT500 into the shifted state. Pressing SHIFT again will release the
shifted state (and the SHIFT key will no longer be illuminated).

’ LOCAL l ’ misc l ’ SHIFT l
KEY LOCK NULL

IM 760201-01E 1-7
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1.3 Screen Display

Display Example When Measuring Power (Numeric display) in Normal

Measurement Mode
For a description of the screens in other display modes, see the chapters that cover

those modes.

Measurement mode (see section 7.2) Indication of on/off status of various features
Display items that can * Scaling (see section 4.6)
be changed directly * Averaging (see section 4.10)
(see section 5.2) ¢ Line filter (see section 4.8)
* Frequency filter (see section 4.8)
Input peak over-range ¢ NULL feature (see section 12.4)

indilcator (see section 5.2) | Page bar (see section 5.2)

ofmal Wode | Uover.= = =  &Scaling.  LineFilt:  HOLL: TOROGAVE ¥ |
Iover:=m = m  fyerage: FregFilt:
[BY+TSET : change items] —
PAGE ___Elementi_ | 7]
utl  100v
Urms1 1 1 5 R L
. V [l — Input element setup
___Flement2____
2 uz 100V parameters
é 12 1a * Measurement range
I r mS1 e Elomenta (see sections 4.4 to 4.5)
O 5 6 54 4 o3 100v ] * Wiring system
" A 5 13 1 (see section 4.2)
M 0.9286 ’
. — Integration setting/status
(see section 5.11)
Update  185(500msec) 2008-01-11 09:00:08

‘ Data update rate (see section 4.9)

Date/time (see section 3.11)
Data update count (see section 5.2)

Non-Numeric Displays
O L Overload
- = ™ Displayed if the measured value exceeds 140% of the measurement range.
Overflow
- O F = = Displayed if the measured or computed result cannot be displayed using the specified
decimal place or unit.

No data
Displayed if a measurement function is not selected or if there is no numeric data.

Error
E r ro r Displayed in cases such as when a measured value is outside of its determined range.
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Chapter 2  Features

2.1 System Configuration and Block Diagram

System Configuration

Object Being Measured

VT

LY_J

Vol

(Apply one or the other)

External clock input— —>

Master/slave| Measurement start/
sync signal | Measurement stop

Setup parameters

!

tage

CT

Current sensor

)

(optional)

\3;/

i

Input element

Numeric data
Waveform display

(Apply one or the other)

data

Screen image data

Stored data

USB memory

Y
Current

(Apply one of them)

Internal memory
Stores numeric data

‘J GP-IB interface (optional)/

Setup
parameters

Ethernet interface (optional)/
USB interface

Numeric data

Screen image

Waveform display data

RGB video signal (VGA)
output (optional)
Image signal

data

CRT
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2.1 System Configuration and Block Diagram

Block Diagram

U (

Voltage Input

: g

N(

Current input

¢

Current sensor(
(EXT; optional)

Input elements 2 and 3
. __________Inputelement1_________________ LCD
|
Voltage input circuit : CPU
o O-¢ AD |
¢ [LPF _%j° _ KEY
5.5 kHz 2 ]
Zero- i o [||]
¢ [LPF ero-crossing | | & | USB port
500 Hz detector = | !
J1 = (for peripherals)
§ Peak || " = DSP
detector : USB port
SIIIIIIIIIIIIIIIIIIIIIIIfIIIIZfzzfIZzzzz:z: (PC)
Current input circuit :
AD | GP-IB
L.P.F. _‘LO_[C’ — | (optional)
5.5 kHz 3 I
LPFE Zero-crossing | | g.. ':"_ Ethernet
500 Hz 4 o detector = (optional)
Peak || |
detector B VGA output
--------------------------------------- (optional)

Input Signal Flow and Process
Input elements 1 through 3 consist of a voltage input circuit and a current input circuit.
The input circuits are mutually isolated. They are also isolated from the case.

The voltage signal that is applied to the voltage input terminal (U, %) is normalized using
the voltage divider and the operational amplifier (op-amp) of the voltage input circuit . It is
then sent to a voltage A/D converter.

The current input circuit is equipped with two types of input terminals, a current input
terminal (I, £) and an optional current sensor input connector (EXT). Only one can be
used at any given time. The voltage signal from the current sensor that is received at the
current sensor input connector is normalized using the voltage divider and the operational
amplifier (op-amp). It is then sent to a current A/D converter. The current signal that is
applied to the current input terminal is converted to a voltage signal by a shunt. Then, it
is sent to the current A/D converter in the same fashion as the voltage signal from the
current sensor.

The voltage signal that is applied to the voltage A/D converter and current A/D converter
is converted to digital values at an interval of approximately 10 us. These digital values
are isolated by the isolator and passed to the DSP. In the DSP, the measured values
are derived based on the digital values. The measured values are then transmitted to
the CPU. The measured values and computed values are displayed and transmitted as
measurement functions of normal measurement.

The harmonic measurement functions are derived in the following manner (harmonic
measurement is an option). The voltage signal sent to the A/D converter is converted to
digital values at a sampling frequency that is determined by the PLL source signal. The
DSP derives the measured value of each harmonic measurement item by performing an
FFT on the converted digital values.
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2.2 Measurement Functions and Periods

Measurement Functions
The physical values (such as rms voltage, average current, power, and phase difference)

that the WT500 measures and displays are called measurement functions. Each
measurement function is displayed using symbols that correspond to its physical value.
For example, “Urms” corresponds to the true rms voltage.

Types of Measurement Functions Used in Normal Measurement
The data of measurement functions (numeric data) is measured or computed from the

sampled data that is described in “Measurement Period” on page 2-9."

1 The WT500 samples the instantaneous values of the voltage and current signals at the
specified sample rate. The sampled data is processed as numeric data or data used to
display waveforms on the screen (waveform display data).

The sample rate is the number of data points that are sampled within 1 s. For example, at a
sample rate of 100 kS/s, 100000 data points are sampled every second.

Types of Measurement Functions

e Input Element Measurement Functions
The following 23 measurement functions are available. For details about the
determination of measurement function data, see appendix 1.
U (voltage Urms, Umn, Udc, Urmn, Uac), | (current Irms, Imn, Idc, Irmn, lac), P (active
power), S (apparent power), Q (reactive power), A (power factor), ¢ (phase difference),
fU/fl (also expressed as FreqU/Freql; measures the frequencies of up to two voltage/
current signals),? U+pk/U-pk (maximum/minimum voltage values), I+pk/I-pk (maximum/
minimum current values), and CfU/Cfl (crest factor of voltage/current; peak-to-rms
ratio)

2 The voltage and current frequencies of all input elements can be measured on models with
the frequency measurement add-on option.

¢ Wiring UnitZ Measurement Functions (X Functions)
The following 15 measurement functions are available. For details about the
determination of measurement function data, see appendix 1.
UZ (voltage average Urmsz, Umnz, UdcE, Urmng, Uacy), I (current average Irmsz,
ImnZ, Idcz, IrmnX, lack), PZ (sum of active powers), ST (sum of apparent powers),
QX (sum of reactive powers), AX (power factor average), and ¢X (phase difference
average)

*Efficiency (= functions) and User-Defined Functions
There are two efficiency functions, n1 and n2. The available user-defined functions
are F1 to F8. For details, see section 2.5.

* Integration Functions
See section 2.6.

* Delta Computation (Optional)
There are four delta functions, AF1 to A F4. For details, see section 5.17.

IM 760201-01E 2-3
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2.2 Measurement Functions and Periods

Determining Voltage and Current
The following five types of voltage (U) and current (1) measurement functions are
available.
* Urms and Irms (True rms value)
These values are the true rms values of the voltage and current. The instantaneous
values over one period are squared and averaged. Then, the square root of the
average is determined. f(t) is the input signal as a function of time. T is the period of
the input signal.
1 [T
Urms or Irms = —‘ f(t)? dt
Tl

* Umn and Imn (Rectified mean value calibrated to the rms value)
This function rectifies one period of the voltage or current signal, determines the
average, and multiplies the result by a coefficient. The coefficient is a value that when
applied to a sinusoidal input signal, gives the true rms value. When the input signal is
a distorted or DC waveform, these values will differ from the true rms values. f(t) is the
input signal as a function of time. T is the period of the input signal.
T

Umn or Imn = . 1_ |f(t) | dt

22 T,

* Udc and Idc (Simple average, DC)
These are the average values of the voltage and current signal over one period. This
function is useful when determining the average value of a DC input signal or the DC
component that is superimposed on an AC input signal.

-
Udc or Idc = —‘ f(t) dt
Tl
e Uac and lac (AC component)
This function determines the AC component of the voltage or current. The function
calculates the square root of the square of the true rms value minus the square of the
DC component.

Uac=4/ Urms*-Udc? , or lac=4/ Irms*-ldc?

e Urmn and Irmn (Rectified mean value)
This function rectifies one period of the voltage or current signal and determines the
average.

T
1

Urmn or Irmn = —I |f(t)|dt
Tl

Elements

Element refers to a set of input terminals that can receive a single phase of voltage and
current to be measured. The WT500 can contain up to three elements, numbered from

1 to 3. An element number is appended to the measurement function symbol for the
measured data that the WT500 displays, so that you can tell which data belongs to which
element. For example, “Urms1” corresponds to the true rms voltage of element 1.

Wiring Systems

You can specify five wiring systems on the WT500 to measure the power of various
single-phase and three-phase power transmission systems: single-phase, two-wire;
single-phase, three-wire; three-phase, three-wire; three-phase, four-wire; and three-
phase, three-wire with three-voltage, three-current method. For details, see section 2.3.
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2.2 Measurement Functions and Periods

Wiring Unit

The wiring unit is a set of two or three input elements of the same wiring system that
are grouped to measure three-phase power. The wiring unit is represented by X. The
measurement function of a wiring unit is called a X function.

For example, “UrmsX” corresponds to the average of the voltages of the input elements
that are assigned to the wiring unit. The average represents the true rms value.

¢ Wiring System and Wiring Unit Configuration Example

Element 1 Element 2 Element 3
Voltage
OJwa™ | O O
Current
@™ | O @)
\ Y N\ Y )
Three-phase, Single-phase,
three-wire two-wire

z
Wiring system /

Wiring unit

IM 760201-01E
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2.2 Measurement Functions and Periods

Types of Measurement Functions Used in Harmonic Measurement (Optional)
The data of harmonic measurement functions (numeric data) is measured or computed

from the sampled data that is described later in “Measurement Period.”

* For information about sampled data, see the explanation under “Types of Measurement
Functions Used in Normal Measurement,” earlier in this section.

Types of Harmonic Measurement Functions

* Input Element Harmonic Measurement Functions
The following 15 harmonic measurement functions are available. For details about the
determination of measurement function data, see appendix 1.

Characters or Numbers
Measurement in Parentheses All
Function No
Total dc 1 k parentheses
u() Yes Yes Yes Yes No Yes: Numeric data available
I() Yes Yes Yes Yes No No: No numeric data available
P() Yes Yes Yes Yes No
S() Yes Yes Yes Yes No
Q() Yes |Always0| Yes Yes No
M) Yes Yes Yes Yes No
o( ) Yes No Yes Yes No
oU( ) Yes No No Yes No
ol ) Yes No No Yes No
Uhdf( ) Yes Yes Yes Yes No
lhdf( ) Yes Yes Yes Yes No
Phdf( ) Yes Yes Yes Yes No
Uthd No No No No Yes
Ithd No No No No Yes
Pthd No No No No Yes

» Functions with parentheses will produce different values depending on which of the
following is contained in their parentheses.

» total: The total value is displayed.

e dc: The dc component numeric data is displayed.

* 1:  The numeric data of the fundamental signal is displayed.

* ki The numeric data from harmonic orders 2 to N is displayed. N is the upper
limit of harmonic order analysis (see section 17.6 for details). The upper
limit of harmonic analysis is either set to an automatically determined value
or to the value that you set, whichever is smaller. It can go up to the 50th
harmonic order.

» All: Functions without parentheses display numeric data.
» Functions Uhdf to Pthd are measurement functions that express values that
are unique to harmonics. For details about how the values are determined, see

appendix 1.
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2.2 Measurement Functions and Periods

Harmonic Measurement Functions That Express the Voltage and Current Phase
Differences (¢) between and within Input Elements
There are five kinds of harmonic measurement functions that express phase
differences:
oUi-Uj, oUi-Uk, ¢pUi-li, oUi-lj, pUi-lk
(i, j, and k are input element numbers)
The following explanation of the five kinds of harmonic measurement functions is for
the case when the number of input elements in wiring unit X is three and their common
wiring system is three phase, four wire. Also, i =1, =2, and k = 3.
In this case, the following numeric data for the phase differences between elements 1,
2, and 3 is calculated.
« $U1-U2
The phase difference between the fundamental voltage of element 1, U1(1), and
the fundamental voltage of element 2, U2(1).
« ¢pU1-U3
The phase difference between the fundamental voltage of element 1, U1(1), and
the fundamental voltage of element 3, U3(1).
e oU1T-I1
The phase difference between the fundamental voltage of element 1, U1(1), and
the fundamental current of element 1, 11(1).
* oU1-I12
The phase difference between the fundamental voltage of element 1, U1(1), and
the fundamental current of element 2, 12(1).
* QU1-I3
The phase difference between the fundamental voltage of element 1, U1(1), and
the fundamental current of element 3, 13(1).

Functions for Averaging and Summing Input Elements (Z functions)
The following six harmonic measurement functions are available. For details about
how the measurement function values are determined, see appendix 1.

Characters or number
Measurement .
K in parentheses
Function
Total 1

Ux( ) Yes Yes Yes: Numeric data available

IZ( ) Yes Yes

PX( ) Yes Yes

SX() Yes Yes

Qx( ) Yes Yes

AZ() Yes Yes

Functions with parentheses will produce different values depending on which of the
following is contained in their parentheses.

» total: The total value is displayed.

* 1. The numeric data of the fundamental signal is displayed.
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2.2 Measurement Functions and Periods

Elements

Element refers to a set of input terminals that can receive a single phase of voltage

and current to be measured. The WT500 can contain up to three elements, numbered
from 1 to 3. The element number follows the function symbols discussed in “Input
Element Harmonic Measurement Functions” earlier in this section. For example, “U1(2)”
corresponds to the voltage of the second harmonic of element 1.

Wiring Systems
The selectable wiring system patterns vary depending on the number of input elements
that are installed in the WT500.

Wiring Unit

The wiring unit is a set of two or three input elements of the same wiring system that
are grouped to measure three-phase power. The wiring unit is represented by =. The
measurement function of a wiring unit is called a X function.

For example, “UZ(1)” corresponds to the average of the fundamental voltages of the
input elements that are assigned to the wiring unit.

PLL Source (See section 6.3 for operating instructions)

To measure harmonics, the fundamental period (the period of the fundamental

signal) that will be used to analyze the harmonics must be determined. The signal for
determining the fundamental period is the PLL (phase locked loop) source. For stable
harmonic measurement, choose an input signal for the PLL source that has as little
distortion and fluctuation as possible. The ideal signal when the crest factor is set to 3
(see section 5.11 for details) is a rectangular wave with an amplitude that is 50% or more
of the measurement range (see section 1.3 for details). When the crest factor is set to
6, the ideal signal is a rectangular wave with an amplitude that is 100% or more of the
measurement range.

Also, applying a clock signal (Ext Clk) with the same period as the waveform whose
harmonics are being measured makes stable harmonic measurement possible.
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2.2 Measurement Functions and Periods

Measurement Period (See section 4.7 for operating instructions)

Measurement Functions Used in Normal Measurement

* The measurement period is set within the data update interval between the first point
where the reference input signal (synchronization source) crosses the level zero point
(center of the amplitude) on the rising trigger slope (or falling trigger slope) and the
last point where the synchronization source crosses the level zero point (center of the
amplitude) on the rising slope (or falling slope)." 2 However, the measurement period
for determining the numeric data of the peak voltage or peak current is the entire span
of the data update interval. Therefore, the measurement period for the measurement
functions that are determined using the maximum voltage or current value (U+pk,
U-pk, I+pk, I-pk, CfU, and Cfl) is also the entire span of the data update interval.

* The WT500 determines whether to define the measurement period using the rising
or falling edge automatically by choosing the method that will result in the longest
measurement period.

« If there is not more than one rising or falling slope within the data update interval, the
entire data update interval is set as the measurement period.

» You can select which input signal will be the synchronization source (synchronized
to the zero-crossing point of the input signal) for each element. You can set the
synchronization source signal to the voltage, current, or external clock input signal.

* For details, see appendix 6.
1 Trigger slope refers to the movement of the signal from a low level to a high level (rising edge)
or from a high level to a low level (falling edge).

2 The data update interval is the interval at which the data that is used in measurement
functions is sampled. For details on how to set the interval, see section 2.3, “Data Update

Rate.”
P Data update interval _ B Data update interval
. Measurement period _ B Measurement period _
Sync source g i

@ zero crossing
QO zero crossing

Measurement Functions Used in Harmonic Measurement

The measurement period is the first 1024 points from the beginning of the data update
interval at the harmonic sampling frequency. The WT500 determines the harmonic
sampling frequency automatically based on the period of the signal that is set as the PLL
source. The sampled data and the measurement period used for computation may differ
from the sampled data and the measurement period used for measurement functions.
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2.3

Measurement Conditions

Number of Installed Input Elements and Wiring Systems (See sections 4.2 and 4.3
for operating instructions)
Wiring Systems

There are five wiring systems available on the WT500.

1P2W: Single-phase, two-wire system

1P3W: Single-phase, three-wire system

3P3W: Three-phase, three-wire system

3P4W: Three-phase, four-wire system

3P3W'(3V3A): Three-voltage, three-current method
* In this manual, “3P3W” is used to indicate a three-phase, three-wire system and a three-

phase, three-wire system with a three-voltage, three-current method. Since the two types of

wiring systems cannot be distinguished if only 3P3W is written, “3P3W (3V3A)” is used to

indicate the three-voltage, three-current method.

The selectable wiring systems vary depending on the number of installed elements.

Wiring Unit

The wiring unit is a set of two or three input elements of the same wiring system that are
grouped together. The wiring unit is represented by X.

For example, “UrmsX” corresponds to the average of the voltages of the input elements
that are assigned to the wiring unit. The average value represents the true rms value.

Wiring System Patterns

The following table shows the relationship between the number of installed input
elements, the selectable wiring system patterns, and the assignment of input elements
to wiring unit X.

For example, there are four wiring system patterns on a WT500 that has three input
elements installed.

The input element assignment to wiring unit £ and how X functions (such as voltage,
current, active power, apparent power, reactive power, power factor, and phase
difference) are determined are based on the wiring system pattern. For details about
the relationship between the wiring system and how X functions data is determined,
see Appendix 1.

Number of installed input elements 1

Wiring system Pattern 1 1P2W

Number of installed input elements 1 2

Wiring system Pattern 1 1P2W 1P2W

Wiring system Pattern 2 1P3W:ZX or 3P3W:X

Number of installed input elements 1 2 3
Wiring system Pattern 1 1P2W 1P2W 1P2W
Wiring system Pattern 2 1P3W:X or 3P3W:X 1P2wW
Wiring system Pattern 3 1P2W 1P3W:ZX or 3P3W:X
Wiring system Pattern 4 3P4W:X or 3P3W (3V3A):X
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2.3 Measurement Conditions

Measurement Range (See section 4.4 for operating instructions)
Set the measurement range using an rms value. When directly applying voltage or

current signals to an input element, two types of measurement ranges are available: fixed
range and auto range. When waveforms are displayed and the crest factor (see section 4.6
for details) is set to 3, the vertical display range corresponds to 3 times the measurement
range. When the crest factor is set to 6, the vertical display range corresponds to 6 times
the measurement range. For details about waveform display, see section 2.7, “Waveform
Display.”

Fixed Range

Select each range from the given choices. The selected range does not change even

if the amplitude of the input signal changes. For voltage, the maximum and minimum
selectable ranges when the crest factor is set to 3 are 1000 V and 15 V. When the crest
factor is set to 6, the maximum and minimum selectable ranges are 500 V and 7.5 V.

Auto Range
The measurement range is switched automatically depending on the amplitude of the
input signal. The different ranges used in the auto range are the same as those available
for the fixed range.
* Range Increase
+ The measurement range is increased when the data of measurement function
Urms or Irms exceeds 110% of the currently set measurement range.
» The measurement range is increased when the crest factor is set to 3 and the peak
value of the input signal exceeds 330% of the currently set measurement range,
or when the crest factor is set to 6 and the peak value of the input signal exceeds
660% of the currently set measurement range.

* Range Decrease
The measurement range is decreased when the data of the measurement function
Urms or Irms is less than or equal to 30% of the measurement range and Upk” and
Ipk” are less than or equal to 300% of the next lower range when the crest factor is set
to 3, or 600% of the next lower range when the crest factor is set to 6.
* Even if the NULL feature is on, the values are determined as if though it were off.

Power Range

The measurement ranges (power ranges) of active power, apparent power, and reactive
power are determined by the wiring system, voltage range, and current range as shown
below. For the actual power range values, see section 4.3, “Setting the Measurement
Range during Direct Input.”

Wiring System Power Range

1P2W (single-phase, two-wire system) Voltage range x current range

1P3W (single-phase, three-wire system) Voltage range x current range x 2

3P3W (three-phase, three-wire system) (when the voltage and current ranges on the

3V3A (three voltage, three current method) elements in the wiring unit are set to the same
range)

3P4W (three-phase, four-wire system) Voltage range x current range x 3

(when the voltage and current ranges on the
elements in the wiring unit are set to the same
range)
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sainjeaq ﬂ



2.3 Measurement Conditions

Scaling (See sections 4.5 and 4.6 for operating instructions)

When applying current signals through an external current sensor or applying voltage or
current signals through an external VT (voltage transformer) or CT (current transformer),
the conversion ratio or coefficient can be specified.

When Applying Current Signals through an External Current Sensor

The output of current sensors that output voltage, such as shunts and clamps, can be
applied to the current sensor connector (EXT) and measured. Set how many millivolts
the current sensor transmits when 1 A of current is applied (conversion ratio). Then, the
input signal can be made to correspond to the numeric data or waveform display data
that is obtained when the current is directly applied to the input terminals.

Measurement Function Conversion Data before Transformation
Ratio Transformation Result

Current | E Is (current sensor output)  Is/E

Active power P E Ps Ps/E

Apparent power S E Ss Ss/E

Reactive power Q E Qs Qs/E

Max./Min. current value Ipk  E Ipks (current sensor output) Ipks/E

When Applying Voltage or Current Signals through an External VT or CT

* VT ratio and CT ratio
You can convert the input signal into the numeric data or waveform display data of the
voltage or current before transformation by setting the VT ratio, CT ratio, and power
factor (coefficient multiplied to the power determined from the voltage and current).

* Power factor
By setting the power factor (SF), you can display the measured active power, apparent
power, and reactive power after they have been multiplied by a coefficient.

Measurement Function Data before Transformation Result
Transformation

Voltage U Uz (secondary output UaxV V: VT ratio
voltage of the VT)

Current | I2 (secondary output of  [2xC C: CT ratio
the CT)

Active power P P2 PoxVxCxSF SF: Power factor

Apparent power S So SoxVxCxSF

Reactive power Q Q2 Q2xVxCxSF

Max./Min. voltage value Upk Upk: (secondary output  UpkoxV
of the VT)

Max./Min. current value Ipk Ipk2 (secondary output of Ipk2xC
the CT)

212
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2.3 Measurement Conditions

Input Filter (See section 4.8 for operating instructions)

There are two types of input filters. The WT500 makes measurements by synchronizing
to the input signal. Therefore, the frequency of the input signal must be measured
accurately.

Line Filter

The line filter is inserted into the voltage, current, and power measurement input
circuits and directly affects the voltage, current, and power measurements (see the
block diagram in section 2.1). When the line filter is turned on, the measured value
does not contain high frequency components. The voltage, current, and power of
inverter waveforms, strain waveforms, etc., can be measured with their high frequency
components eliminated. You can select the cutoff frequency.

Frequency Filter

The frequency filter is inserted into the frequency measurement input circuit and affects
frequency measurements. It affects the detection of the measurement period for voltage,
current, and power measurements (see section 4.7 and appendix 5). The frequency filter
is also used to accurately detect the zero crossing (see section 2.2 and appendix 5). The
frequency filter is not inserted into the voltage, current, and power measurement input
circuit. Therefore, the measured values include high frequency components even when
the frequency filter is turned on.

Nofte

The frequency filter is turned on when the line filter is set to 500 Hz.

Data Update Rate (See section 4.9 for operating instructions)

You can select an update interval from 100 ms, 200 ms, 500 ms, 1s,2s,and 5 s.

The numeric data is updated at the selected interval. To capture relatively fast load
fluctuations in the power system, select a fast data update rate. To capture relatively low
frequency signals, select a slow data update rate.

IM 760201-01E
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2.3 Measurement Conditions

Averaging (See section 4.10 for operating instructions)
The averaging function is effective when reading of the numeric display is difficult due to

fluctuations. This occurs when the fluctuation of the power supply or the load is large or
when the input signal frequency is low.

During Normal Measurement
Two types of averages are available: exponential averages and moving averages.

Exponential Average
Numeric data can be exponentially averaged using a specified attenuation constant.
Averaging is performed according to the following equation.

(Mn —Dn- 1)
Dhn=Dn-1+——
K
Dn: Displayed value that has been exponentially averaged n times. (The first

displayed value D1 is equal to M4.)
Dn-1:  Displayed value that has been exponentially averaged n—1 times.
Mn: Measured data at the nth time.
K: Attenuation constant (can be selected from 2, 4, 8, 16, 32, and 64)

Moving Average
Numeric data can be linearly averaged using a specified average count. Averaging is
performed according to the following equation.

D Mn-m-1)+ **Mn-2+ Mn-1+ Mn
n=

m

Dn: Displayed value obtained by linearly averaging m points of numeric data
from the n—(m—1)"" to the n'" time
Mn-m-1): Measured data at the n—(m—1)" time.

Mn—2:  Measured data at the n—2™ time.

Mn-1:  Measured data at the n-15t time.

Mn: Measured data at the nth time.

m: Average count (can be selected from 8, 16, 32, 64, 128, and 256)

During Harmonic Measurement

When exponential averaging is specified, the harmonic measurement functions are
averaged.

When averaging is set to moving average, averaging is only performed on normal
measurement functions, not on harmonic measurement functions.
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2.3 Measurement Conditions

Crest Factor (See section 4.11 for operating instructions)
The crest factor is defined as the ratio of the peak value of the waveform to the rms

value.
Peak value
Crest factor (CF) = —=——
Rms value
————— Peak value

——————— Rms value

Input signal waveform

The crest factor on the WT500 is determined by the ratio of the maximum peak value
that can be applied for rated input to the measurement range.
Peak value that can be input

Measurement range

Crest factor (CF) =

The crest factor can be set to 3 or 6. The measurable crest factor is as follows:

{measurement range x CF setting (3 or 6)}
Measured value (rms value)

Crest factor (CF) =

* However, the peak value of the input signal must be less than or equal to the maximum
allowable input.

If the crest factor of the measured signal is greater than the specifications of the
measurement instrument (the crest factor defined at the rated input), the signal can be
measured by setting a greater measurement range.

For example, even if CF is set to 3, measurement is possible for signals with a crest
factor greater than or equal to 5 when the measured value (rms value) is less than 60%
of the measurement range.

If the minimum effective input (1% of the measurement range) is being applied at CF = 3,
measurement for CF = 300 is possible.

The voltage range, current range, effective input range, and measurement accuracy vary
depending on the crest factor setting. For details, see chapter 14, “Specifications.”

Hold (See section 4.12 for operating instructions)
The data display of each measurement function can be held. The communication output

data while the display is held is the same as the held numeric data.

Single Measurement (See section 4.12 for operating instructions)
While the display is held, the signal is measured once at the set data update rate, and

then the display is re-held.
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Power Measurement

When the screen is set to numeric display, measured data such as voltage, current, and
power can be displayed.

Display Resolution
The display resolution for voltage, current, active power, apparent power, reactive power,

and so on is 60000. When the range rating (rated value of the specified measurement
range) is specified, the X functions of the voltage, current, active power, apparent power,
reactive power, and so on are set to the decimal place and unit of the element with

the lowest display resolution of the target elements. For information about the display
resolution for integration, see section 5.8.

Numeric Display during Normal Power Measurement (See section 5.1 for

operating instructions)

Selecting the Number of Displayed Items

The number of items can be selected from 4, 8, 16, Matrix, and All ltems. Not all of the
data will fit onto a single screen. You can scroll through the displayed items to view data
that is not on the screen.

* Eight-ltem Display Example

Urms1
[rms1
P1

S1

Q1

A

P

fu1

Measurement function

102.70
373.44
24.73
38.35
29.32
0.6447

G49.86 -

50.021

v

m

W

vA

Data

* Matrix Display Example
Element and wiring system

Urms [y 1
Irms [a 1
w1
[va 1
[varl
[ 1
r© 1

fu  [Hz 1

Measurement function
- b I=] w b

f1 [Hz 1

Elemen

t1
ul  100v
11 500ma

Element2

uz2 100v
12 500ms

Element3

13 500ma

102.69
375.19,
24.951
38.527
29.356
0.6476
G49.64
50.031
50.030

102.69 102.69
37518, 375.14.
24953 24949
38529 38524
29357 29.353
06476 0.6476
G49.64 G49.64
50.031 50.031
50.029 50.030

e All-ltem Display Example
Element and wiring system

Element1 Element?. Element3 = (3v3a)

voltage

Current
urms v 1
Irms [ 1
P w 1
s Lya 1
Q Lyar]
A L1
@ [R |
fu [Hz 1
f1 [Hz 1

Urms [y
Umn  [v
uUde v
Urmn [v
Uac v
U+pk [v
U-pk [v
cfu [

Measurement function

1
1
1
1
1
1
1
1

100v
500maA

100v
500maA

100v
500maA

102.70
375. 40m
24.964
38.553
29.379
0.6475

102.70
375.39m
24.967
38.555
29.379
0.6476

G49.64 G49.64
50.024 50.024
50.025 50.025
102.70 102.70
102.69 102.70
-0.00 0.00
92.45 92.46
102.70 102.70
142.186 142.20
-142.18 -142.20

1.385

102.70
375.34m
24.963
38.549
29.374
0.6476
G49.64
50.024
50.025

102.70
375.38m
49.931
66.774
58.758
0.7478
G41.60

102.70
102.69
0.00
92.46
102.70

>
—I u3 100V T

Data

Data
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2.4 Power Measurement

Changing the Displayed Items
You can select a displayed item to change the numeric data that is displayed at that item’
s position.

Urms1 102.70 Urms1 102.49
Irms1 37344 w Change the measurement 1rms1  371.50 .
P1 2473 function of the third item M 06447

S1 3835 w S1 3821 w

Urms1 102.86
Irms1 379.32 w
P2 2002 .
S1 3985 w

Change the element
of the third item

Scrolling through Pages

The numeric display consists of up to nine pages. The number of pages varies depending
on the installed options and the number of displayed items. You can set the displayed
items on each page. The page can be scrolled to switch the page, and the displayed
items can be changed collectively.

Urms1

Irms1

P1

A

102.64

NT7D 40 4 Page 2 :
7 Display example
Urms2 Displays the voltage, current,
1 02 . 6 5 v power, and power factor of
elements 1 to 3 on pages 1 to 3.
I 2 Page 3 Displays the voltage, current,
rms D79 TN la ng power, and power factor of
Urms3 = wiring unit X on pages 4.
10268, |
P2
Irms3 N7 N7 = Pag:ﬁg -
A2

ormes e 102.71

P3
[rmsZ
A3 37521 mA — Page bar
The current page is
highlighted.

o 49.949 ,,
i 0.7483

Resetting the Numeric Display
If the number of displayed items is set 4, 8, 16, or matrix, the display order of
measurement functions can be reset to the factory default configuration.

IM 760201-01E
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2.4 Power Measurement

Numeric Display during Harmonic Measurement (See section 6.1 for operating instructions)
In addition to the 4, 8, 16, matrix, and All displays, list displays (the single list and double

list displays) are also available.
Selecting the Number of Displayed Items
Just as in ordinary measurement, the number of items can be selected from 4, 8, 16,
Matrix, and All Items.

List Display
For each measurement function, the numeric data for each harmonic can be displayed in

two columns.

¢ Single List
The data of a single measurement function can be divided into even and odd harmonics
and displayed. The selectable measurement functions are U, |, P, S, Q, 4, ¢, $U, and ¢l.

Measurement function 1

PLL u1 or. U1 vl hdfLzJ[Or. Ul VI hdfl

Freq  50.001 Hz|fot. 102.65 [ 5
" 1 102.60 99.956 | 2 0.01 0.014 3
8 Urms1  102.65 v || 3 101 0.985 | 4 0.02 0.020 =
z Trwst  376.19m || 5 2.2 2.212| 6 0.02 0.019 o
5 P1 25.087 W || 7 127 ta| s 0.02 0.018 o
= s1 38.617 val| 9 0.09 0.088 |10 0.01  0.007 c
c a1 29.358 va|| 11 0.95 0.921 |12 0.01 0.00 S
(0] At 0.6496 13 0.48 0.463 | 14 0.01 0.012 E
ey ®1 G49.48 ° 15 0.08 0.075 | 16 0.01 0.006 =
] 17 0.28 0.275 | 18 0.01 0.009 @©
(0] Uthd1 2.958 % 19 0.22 0.219 | 20 0.00 0.001 <
° rthdt  72.864 % [|21 016 0.158 | 22 0.00 0.005 =
= pthdl  2.200 % | 23 0.26  0.249 |24 0.00 0.003 (3]
- 25 022 0.211 26 0.01 0.006 8
9] 27 0.05  0.048 |28 0.00 0.005
k- [Epace=] 15 29 0.06  0.057 |30 0.00  0.004 S
= 31 0.06  0.056 |32 0.00  0.002
o 33 0.03  0.032 |34 0.00 0.001 S
p 35 002 0.02136 0.00  0.004 ©
= 37 0.02  0.018 |38 0.00 0.003 (=}
8 39 g.02 0.015[40 _0.00 0.p02

Numeric data of each
harmonic order

Measurement function display

¢ Dual List

Relative harmonic content of each harmonic

(Uhdf, Ihdf, and Phdf are displayed when the

selected measurement function are U, |, and
P, respectively.)

The data from two different measurement functions can be displayed in two separate
columns. The selectable measurement functions are U, I, P, S, Q, 4, ¢, U, and ¢l.

M

easurement function 1

Measurement function 2
|

PLL ] or Ul w1 _hdfIZ] 11 (a1 haflz]

Freq 50.016 Hz [Tot 102.80 376.73m o
%] o) ——— [0
Ke) urms1 10288 v |1 1 102.76  99.957 257.00m 68. °
c Irms1  376.96ma || 2 0.0z 0.020 0.81m 0.214 o
o P 25.108 W | 3 1.05  1.024 210.17m 55.786
IS st 38.782 va | 4 0.01  0.005 1.47m 0.389 Q
= a1 29.557 var| 5 2.27 2.206 136.95m 36.883 c
@© A 0.6474 6 0.01 0.014 1.79m  0.476 o
P o1 649.65° || 7 1.22 1.184 73.51m 19.511 IS
= 8 0.01  0.012 1.73m 0.460 =
© uthd1 2.943% || 9 0.08 0.082 44.73m 11.873 _‘C“
o rthdt  73.117 % |10 0.01  0.010 1.59m  0.423
< pthd1 2.245 % {11 0.92  0.891 37.71m 10.011 <
o 12 0.01  0.006 1.22m 0.325 [
Q 13 0.50 0.489 22.73m  6.034 8
© [=pace] 1-5 14 0.01 0.0m 1.22m  0.324 -
- 15 010 0.101 14.57m  3.868 o
2] 16 0.01  0.009 1.48m  0.393
© 17 0.3 0.302 26.02m  6.907 i
& 18 0.00  0.005 1.48m 0.393 ©
© 19 0.26 0.256 27.41m 7.275 o
[m) 20 0.01_0.006 1.24m_0.328

f “pagh¥] 13

Numeric data of each
harmonic order

Measurement function display

Scrolling through Pages
Just as in ordinary measurement, you can scroll through pages one page at a time.

Relative harmonic content of each harmonic
(Uhdf, Ihdf, and Phdf are displayed when the
selected measurement function are U, |, and
P, respectively.)

Resetting the Numeric Display

If the number of displayed items is set 4, 8, 16, or matrix, the display order of
measurement functions can be reset to the factory default configuration.
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2.5 Computation

The following computations can be performed with the data of measurement functions. In
addition, there is a function that allows you to select the equation used to determine the
measurement function data.

Setting the Equation for Computing Efficiency (See section 5.3 for operating

instructions)

To measure the input/output efficiency of a device, set the equations for n1 and n2.
For example, if the input power to a device is P1 and the output power is PZ, you can
compute the power conversion efficiency of the device by setting the equation to n =
(PZ)/(P1) x 100.

Setting the Equation for Computing Apparent Power (See section 5.4 for
operating instructions)

Apparent power is the product of voltage times current. The voltage and current used to
determine the apparent power can be selected from (1) the true rms values explained
under “Determining Voltage and Current” in section 2.2, “Measurement Functions

and Periods”; (2) the rectified mean values calibrated to the rms values; (3) the linear
averages; (4) the rectified mean value calibrated to the rms value of the voltage and the
rms value of the current; and (5) the rms values.

Selecting the Computing Equation for Apparent Power and Reactive Power (See
section 5.4 for operating instructions)

There are three types of power: active power, reactive power, and apparent power.
In general, they are defined by the following equations.

Active POWET P = UICOS( ....vvvveiiiieeeiiii e (1)
Reactive power Q = UISING ...cocvvevviriiiiiiiiieiiceeeeeceecee e (2)
Apparent power S = Ul......c.ooiiiiiiiiiei e (3)

U = rms voltage; | = rms current; ¢ = Phase difference between voltage and current
The power values are related as follows:

(Apparent power S)? = (Active power P)? + (Reactive power)?....(4)

The three-phase power is the sum of the power of each phase.

These definitions only apply for sine waves. The measured values for apparent power
and reactive power vary for distorted waveform measurement depending on which of the
above definitions are combined for the computation. Because the equations for deriving
the power for distorted waveforms are not defined, none of the equations can be said

to be more correct than the other. Therefore, the WT500 provides three equations for
determining the apparent power and reactive power.

Unlike apparent power and reactive power, active power is derived directly from the
sampled data, so errors resulting from different definitions do not occur.

Type 1 (The method used in the normal mode of conventional WT series
power meters)
The apparent power of each phase is calculated using equation 3, and the reactive
power of each phase is calculated using equation 2. The results are summed to derive
the power.

Active power for a three-phase, four-wire system Pz =P1+P2+P3

Apparent power for a three-phase, four-wire system SX =81+ S2 + S3(=U1xI1 +

U2 x 12 + U3 x I3)
Reactive power for a three-phase, four-wire system QX =Q1+ Q2+ Q3

(= sTxV/(UT % 11f'= P12+ 62 x /(U2 % 12~ P2* + 53 x /(U3 % 13y~ P3?)

The sign for s1, s2, and s3 is positive when the current leads the voltage and negative
when the current lags the voltage.
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2.5 Computation

Type 2
The apparent power of each phase is determined from equation 3, and the results are
added to derive the three-phase apparent power. The three-phase reactive power is
calculated from the three-phase apparent power and the three-phase active power using
equation 4.

Active power for a three-phase, four-wire system P =P1+P2+P3

Apparent power for a three-phase, four-wire system S¥ =81+ S2 + S3(=U1xI1 +

U2 x 12 + U3 x I3)
Reactive power for a three-phase, four-wire system Qy =4/S32— P52

Type 3 (The method used in the harmonic measurement mode of the
WT1600, the PZ4000, and the WT3000)
The reactive power of each phase is calculated directly using equation 2. The three-
phase apparent power is calculated using equation 4. This equation can be selected on
models with the harmonic measurement option.

Active power for a three-phase, four-wire system PZ=P1+P2+P3

Apparent power for a three-phase, four-wire system Sy =4/P32+ Qx?
Reactive power for three-phase, four-wire system Qz=Q1+Q2+Q3

Phase Difference (See section 5.5 for operating instructions)

You can select the format for displaying the voltage and current phase differences
between and within each element. With the voltage of each element as a reference, one
format displays the phase difference using 360° in the clockwise direction, and the other
format displays lead up to 180° in the counterclockwise direction (D) and lag up to 180°
in the clockwise direction (G). In harmonic measurement (optional), the phase differences
between harmonics 1 to 50 of the voltage and current signals are displayed using a 360°
format or a 180° format with no sign for lead and a negative sign for lag.

User-Defined Functions (See section 5.13 for operating instructions)

Equations can be created (defined) by combining the measurement function symbols and
operators. The numeric data that corresponds to the equation can then be determined.
The combination of a measurement function and an element number, “Urms1:URMS(E1)”
for example, constitutes an operand. Eight equations (F1 through F8) can be defined.

Operators
There are 11 operators: +, —, *, /, ABS (absolute value), SQR (square), SQRT (square
root), LOG (logarithm), LOG10 (common logarithm), EXP (exponent), and NEG (negation).

Number of Operands
There can be up to 16 operands in one equation.

MAX Hold (See section 5.14 for operating instructions)

The maximum value of a type of numeric data can be held. The measurement functions
that the MAX hold is applied to are selected from the user-defined functions.

Setting the Average Active Power (See section 5.15 for operating instructions)

The average active power can be computed for devices, such as intermittent control
devices, whose power fluctuates. The equation for computing the average active power
is specified using a user-defined function.
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2.5 Computation

Delta Computation (Optional; See section 5.17 for operating instructions)
The sum or difference of the instantaneous voltage or current values (sampled data)

between the elements in a wiring unit can be used to determine various types of

data such as the differential voltage and phase voltage. This operation is called delta

computation.

Delta computation can be applied in the following ways:

¢ The differential voltage and differential current between two elements can be
computed on a single-phase, three-wire system or on a three-phase, three-wire
system (when using two elements).

* The line voltage and phase current that are not measured can be computed on
a single-phase, three-wire system or on a three-phase, three-wire system (when
using 2 elements).

-
1
-

¢ Using the data from a three-phase, four-wire system, the data of a delta
connection can be computed from the data of a star connection (star-delta
transformation).

p—
1
>

* Using the data from a three-phase, three-wire system (three-voltage, three-
current method), the data of a star connection can be computed from the data of
a delta connection (delta-star transformation). This function is useful when you
wish to observe the phase voltage of an object that has no neutral line.

-
1
-

Equations for Computing the Distortion Factor (See section 6.5 for operating

instructions)
Models with the harmonic measurement option can compute distortion factors. There are

two equations for computing the distortion factor, each with different denominators. For
information about these equations, see appendix 1.
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2.6

Integration

The WT500 can integrate the active power (watt hour), the current (ampere hour), the
apparent power (volt-ampere hour), and the reactive power (var hour) values. During
integration, the measured and computed values of normal measurements can be
displayed in addition to the watt hour, ampere hour, volt-ampere hour, var hour, and
integration time values.

Integration Functions

Input Element Measurement Functions
The following nine types of numeric data can be determined. For details about the
determination of measurement function data, see appendix 1.
(1) WP: watt hours, i.e., the sum of positive and negative watt hours, (2) WP+: positive
watt hours consumed, (3) WP-: negative watt hours returned to the power supply, (4)
g: ampere hours, i.e., the sum of positive and negative ampere hours, (5) q+: positive
ampere hours consumed, (6) g-: negative ampere hours returned to the power supply, (7)
WS: volt-ampere hours, (8) WQ: var hours, and (9) Time: integration time.
e Watt Hour Integration Method for Each Polarity (See section 5.11 for operating
instructions)
For positive and negative watt hours, WP+ and WP-, you can set the integration
equation to determine the DC or AC watt hours. (DC watt hours are computed by
integrating each sampled data item. AC watt hours are computed by integrating the
values at each data update interval.)
e Current Integration Modes (See section 5.12 for operating instructions)
You can select the type of current whose values will be integrated.

Wiring Unitz Measurement Functions (= Functions)

The following eight types of numeric data can be determined. For details about the
determination of measurement function data, see appendix 1.

(1) WPZ: sum of WP values, (2) WP+X: sum of WP+ values, (3) WP-X: sum of WP-
values, (4) g=: sum of q values, (5) g+X: sum of g+ values, (6) g-X: sum of g- values, (7)
WSZ: sum of ST values, and (8) WQZ: sum of QX values.
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2.6 Integration

Integration Mode (See sections 5.6 and 5.7 for operating instructions)
The integration feature has five modes: manual integration mode, normal integration

mode, continuous integration mode, real-time integration mode, and real-time continuous
integration mode.

Manual Integration Mode

Integration continues from when you start it until you stop it. However, when the
integration time reaches its maximum (10000 hours) or the integrated value reaches
its maximum or minimum displayable value (see section 5.6 for details), integration is
stopped, and the integration time and integrated value at that point are held.

) Hold
21 Hold /
Y When the
s integrated value
® upper limit is reached
)
2
(]
é A Hold Hold
c
K]
g
o
3
£ J
Start Stop Reset Start Reset
When STOP is
pressed or the
maximum
integration

time is reached

Normal Integration Mode

Integration continues for a specified amount of time (which is determined by the timer
setting), and then stops. However, if the integrated value reaches its maximum or
minimum displayable value before the specified amount of time has elapsed, integration
is stopped, and the integration time and integrated value at that point are held.

»

A

]
3 Hold
©
>
-]
(]
b
©
S
o
(7]
]
£
(V]
4 Hold
]
[=
-]
]
©
B
o
]
2
£
ﬁ Timer value T
Start Reset
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2.6 Integration

Continuous Integration Mode

Integration continues for a specified amount of time, and then resets and starts again.
Integration repeats until you press STOP. If the integrated value reaches its maximum or
minimum displayable value before the specified amount of time has elapsed, integration
is stopped, and the integration time and integrated value at that point are held.

31\

©

>

i Hold
2

©

£

o [

Q

2

£

[y

gl

=

5

2 Hold
o

o

)

2

£

Timer Timer Timer
_ value | wvalue | value |
Press
Start STOP Reset

Real-Time Normal Integration Mode

You specify the dates and times when integration will start and end. When the specified
stop time is reached, or when the integrated value reaches its maximum or minimum
displayable value, integration is stopped, and the integration time and integrated value at
that point are held.

b

A Hold

Integrated value

»
>

Hold

Integration time

Start End Reset
date/time date/time
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2.6 Integration

Real-Time Continuous Integration Mode (Continuous integration)

You specify the dates and times when integration will start and end, and integration
repeats within the start and end times at the interval specified by the timer. When the
amount of time specified by the timer elapses, integration resets and starts again. When
the specified stop time is reached, or when the integrated value reaches its maximum
or minimum displayable value, integration is stopped, and the integration time and
integrated value at that point are held.

SA
©
>
°
5]
s Hold
=)
2
£
oA
£
c
)
o Hold
=)
3
£
Timer Timer Timer
value value ‘ value ‘
‘P
Start End Reset
date/time date/time
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2.7 Waveform Display

The WT500 displays waveforms based on the data sampled within the data update rate.

Selecting the Waveform to Display (See section 3.7 for operating instructions)
You can select whether to show or hide the voltage and current waveforms of each

input element. This makes waveforms easier to see by allowing you to only show the
waveforms that you want to examine.

Vertical (Amplitude) Axis
The range of the vertical display is based on the specified measurement range. For
example, if the crest factor is set to 3 and the voltage measurement range is set to 100
Vrms, the display range is set so that the top of the screen is 300 Vpk (100 Vrms x 3)
and so that the bottom is =300 Vpk (=100 Vrms x 3), with the zero input line at the center.
If the crest factor is set to 6 and the voltage measurement range is set to 50 Vrms, the
display range is set so that the top of the screen is 300 Vpk (50 Vrms x 6) and so that the
bottom is =300 Vpk (50 Vrms x 6), with the zero input line at the center. The waveform
is clipped if this range is exceeded.

When measured with a When the same signal is
measurement measured with a measurement
range of 100 Vrms range of 300 Vrms

300 Vpk 900 Vpk

/T\ VN

ANNE VAN
Input zero ; \ ™\

line / \
V%4 A\
=300 Vpk l -900 Vpk l
1 grid division 1 grid division
=100V =300V

Horizontal (Time) Axis (See section 7.4 for operating instructions)
Set the length of the horizontal axis by specifying the time per grid division. The time axis

can be set up to the point in which the time corresponding to one screen is equal to the
data update rate, in 1, 2, 5 steps. For example, if the data update rate is 500 ms, the time
per division can be changed in this order: 1 ms >2 ms >5 ms > 10 ms > 20 ms > 50 ms.
In this case, the time corresponding to one screen changes in this order: 10 ms > 20 ms
> 50 ms > 100 ms > 200 ms > 500 ms.

1 grid division =10 ms 1 grid division = 20 ms

\ / IR WRTA
ViV VIV IV

| 100 ms | 200 ms |
(Observation time) (Observation time)
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2.7 Waveform Display

Note

Waveform sampling data

Waveform sampling data and waveform display data (the number of displayed points

on the screen)
Waveform sampling data and waveform display data are both measured waveform data, but

they differ as described below.

Waveform sampling data: Data derived through A/D conversion of the input signal
The WT500 A/D conversion rate is approximately 100 kS/s. Therefore, if the data update
rate is set to 1 s, the number of data points sampled from a single input signal in a single
measurement is approximately 100000 (see the figure below). Waveform sampling data is

also called acquisition data or raw wave data.

Waveform display data: Waveform data displayed on the WT500 screen (1002 points)
When displaying waveforms on the WT500, data points are displayed in horizontal rasters
(along the time axis). The number of rasters is 501. Each raster contains two points of
waveform display data. The two data points are the maximum and minimum values of the
waveform data in each raster. Therefore, the number of waveform display data points (the

number of points displayed on the screen) for a single input signal is 1002.

Extraction of waveform display data from waveform sampling data (p-p compression)
This example assumes that a 2-Hz sine wave is measured at a data update rate of 1 s.

To display this waveform on the WT500 screen, the number of data points is converted
from approximately 100000 to 1002 (501 pairs of maximum and minimum values). Thus,
two points (a pair) of waveform display data are derived from approximately 200 points

of waveform sampling data. This conversion is called p-p (peak-peak) compression. The
compression rate of p-p compression varies depending on the data update rate and the
horizontal scale (time axis) of the WT500 waveform display.

A/D-converted data

i

Number of data points: o
Waveform display data .

1s ' © /| p-pcompression

! Compresses approximately 200 points of
Ly waveform sampling data to 2 points
. ' (Extracts the maximum and minimum

) values and draws them in each raster)

Approx. 100000 \

(WT500 screen)
5 0 I
With display 0
3 . interpolation
& 4 on R -
S| |
t o T T
L T
Em—
= Time axis

501 rasters 500

Number of data points:

1002 (501 pairs)
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2.7 Waveform Display

* Aliasing
When the sample rate is low compared to the frequency of the input signal, the high
frequency components of the signal are lost. In accordance with the Nyquist sampling
theorem, the high frequency components in the signal are misread as low frequency
components. This is called aliasing.

Aliased signal Input signal Sampled points

¢ Sampling of waveform display data
The WT500 samples waveform display data and stores it to memory at a rate of
approximately 100 kS/s. The WT500 can accurately display the waveforms of signals with
frequencies up to approximately 5 kHz.
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2.7 Waveform Display

Trigger (See section 7.5 for operating instructions)

A trigger is said to have “occurred” when the specified trigger condition is met and a
waveform is displayed on the screen.

Trigger Mode

The trigger mode specifies the conditions for updating the display.

* Auto Mode
If a trigger occurs within a set amount of time (about 100 ms), which is referred to as
the timeout period, the waveform display is updated. If the timeout period elapses
without a trigger occurring, the display will be updated automatically.

* Normal Mode
The display is only updated when the trigger occurs. If the trigger does not occur, the
display will not be updated.

Trigger Source
The trigger source is the signal that is used to check for the trigger condition.

Trigger Slope

Slope refers to the movement of the signal from a low level to a high level (rising edge)
or from a high level to a low level (falling edge). When the slope is used as one of the
trigger conditions, it is called a trigger slope.

Trigger Level
The trigger level is the level at which the trigger slope is determined.

When the trigger source passes through the specified trigger level on a rising or falling
edge, a trigger occurs. You can select the input signal from any element or from the
external clock signal as the trigger source.

Trigger level

I
I
Trigger source |
I

When set to rising ({),
the trigger occurs here (trigger point)

Trigger Point

The trigger point is the point at which a trigger occurs. The trigger point is always
displayed at the left end of the screen. After the trigger is activated, the waveform display
continues from the left of the screen to the right of the screen with the passage of time.

Trigger point

\/\/j

—> Time

IM 760201-01E
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2.7 Waveform Display

Vertical Waveform Zoom (See section 7.6 for operating instructions)
Each displayed waveform can be scaled vertically by a zoom factor of 0.1 to 100. The

waveform is scaled around the zero-input line.

300 Vpk

When the zoom factor is doubled

Input zero \

line

-300 Vpk

Vertical Waveform Position (See section 7.6 for operating instructions)

300 Vpk -~
150 Vpk
A LA L]
> \ Range displayed
on the screen
% \ 1/ /
S0 Vpk-T T

You can vertically shift the displayed position of a waveform. This is useful when you
want to view the relationship between voltage and current waveforms, or when the
section of the waveform that you want to view does not fit into the display frame.

100%

-100%

/1N / I\

Position moved .
by 50%

N
A\

->

ard

V| Position moved ‘;/ \ / \

by -50% L]
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2.7 Waveform Display

Split Waveform Display and Assignment (See section 7.7 for operating

instructions)

The screen can be divided into windows, and waveforms can be assigned to those
windows. The screen can be divided into up to four windows. This function is useful
when there are many waveforms and it is difficult to view them all in a single display.
Waveforms can be assigned to windows in one of the following three ways.
+ Auto
The waveforms whose displays are turned on are assigned in order according to
their element numbers, with an element’s voltage waveform coming before its current
waveform.
» Fixed
Regardless of whether their displays are on or off, waveforms are assigned in order
according to their element numbers, with an element’s voltage waveform coming
before its current waveform.
* User
Waveforms can be assigned to windows by the user, regardless of whether their
displays are on or off.

Waveform Display Interpolation (See section 7.8 for operating instructions)

The waveform display data can be connected linearly to display the waveform smoothly.

Linear Interpolation
Fills in the space between two data points with a straight line.

Interpolation OFF
No interpolation is performed. Only the data points are displayed.

Graticule (See section 7.8 for operating instructions)

A grid or cross-hair can be displayed on the screen. You can also choose to not display a
grid or cross-hair.

Scale Value Display (See section 7.8 for operating instructions)

You can turn on or off the display of the upper and lower limits of the vertical axis and the
values at the left and right ends of the horizontal axis (time axis) of each waveform.

IM 760201-01E
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2.7 Waveform Display

Waveform Label Display (See section 7.8 for operating instructions)
You can turn the display of waveform labels on or off.

Maximum values { [\ R

11 -1.500R

300,070

Minimum values L

Ut
0. 0005 << 108 ceme)

_—Waveform labels

5 in.ums — Time at the right end

of the screen

Time at the left end of the screen

Cursor Measurement (See sections 7.9 and 8.10 for operating instructions)
The value at the crossing point of the waveform and cursor can be measured and

displayed. The voltage or current at specific sections of the waveform and the data on
the horizontal axis (X-axis) can be measured. Cursor measurements are performed on
the data that is displayed on the screen.

Two cursors, marked by a plus sign and an x, appear on the screen. For each cursor, the

vertical value can be measured, and th

e X-axis value relative to the left end of the screen

can be measured. The differences between the cursor’s vertical values and X-axis values

can also be measured.

0T S0.0 U
) L.s00A

+ cursor

Nemyv
3137 15mn
117.69

7.0000ms —|
e 25.600ms
A% 18 600ms
174% 53.763 Hz

11 -1.500'A

UL —300.0°Y
0.0002. << 1002 tpmp) %> : : 50, 000ns

—Measured values
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2.8 Trend, Bar Graph, and Vector Displays

Trend Display

Trends of each measurement function, bar graphs of each harmonic, and vectors of the
fundamental signals of each element (when using the harmonic measurement option)
can be displayed.

The trends of all measurement functions that are measured during normal measurement
and harmonic measurement are displayed.

TT Urnel,  105.5 ¥
Tz UL ¢ S0.10 Hz

Voltage (Urms1) trend

Voltage (U1) frequency ——
trend

T 0000z 00 D ed 1002 cpopr 3 : 00t 00: 30

Trend Display Data
When the sampling of waveform display data is off during normal measurement, the
numeric data of measurement functions that are determined at each data update interval
is P-P compressed for each display segment (raster) and made into trend display data.*
When the sampling of waveform display data is on during normal measurement, the
numeric data of measurement functions that are determined whenever a trigger occurs is
P-P compressed for each display segment (raster) and made into trend display data.*

* In some cases, P-P compression is not performed.

Scale Settings (See section 8.5 for operating instructions)

The WT500 can automatically set the values at the top and bottom of the screen based
on the maximum and minimum values of the trend display data (this is referred to as auto
scaling). The values at the top and bottom of the screen can also be set manually (manual
scaling).

Horizontal (Time) Axis (See section 8.6 for operating instructions)
The time per division can be set in the range of 3 s to 1 day.

Split Display and Window Assignment (See section 8.7 for operating
instructions)

Up to eight trends, T1 to T8, can be displayed. You can set trends T1 to T8 to any
measurement function for any element. In harmonic measurement, you can also set the
trends to harmonic orders.

You can also divide the screen into as many as four windows, and each trend whose
display is turned on will be assigned in numeric order to one of these windows.

Display Interpolation, Graticule, Scale Value Display, and Label Display (See
section 8.8 for operating instructions)
The settings specified for waveform display are used.

IM 760201-01E
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2.8 Trend, Bar Graph, and Vector Displays

Bar Graph Display of Harmonic Data (See section 6.7 for operating instructions)

On models with the harmonic measurement option, you can display harmonics using bar
graphs. The harmonic orders are lined up on the horizontal axis, and the vertical axis
represents the amplitude of each harmonic. You can choose which harmonic function,
element, and orders to display. The selectable harmonic measurement functions are U, I,
P,S, Q, 4, ¢, $U, and ¢l.

Bor 0 1. 1.000KW T1o3 Goaler T 1 - 50

Bar graph of voltage U1 —F

Bar graph of current 11

Vector Display of Harmonic Data (See section 6.8 for operating instructions)

On models with the harmonic measurement option, you can select a wiring unit to
display vectors of the phase differences and amplitudes (rms values) of the fundamental
signals, U(1) and I(1), in each element in the unit. The positive vertical axis is set to zero
(angle zero), and the vector of each input signal is displayed. You can also zoom in on
vectors or display amplitude values and the phase difference values between signals
simultaneously.

The vector display is shown on the next page.

The elements whose vectors are displayed vary depending on the number of installed
input elements and the selected wiring pattern.

The following explanation is of the vector assignments when the number of input
elements is three and when the wiring system of wiring unit X is set to three-phase, four-
wire.

The vectors of elements 1, 2, and 3 are displayed. Vectors 1, 2, and 3 correspond to
elements 1, 2, and 3, respectively. The relationships between the phase differences and
amplitudes of U1(1), U2(1), U3(1), I1(1), 12(1), and I3(1) are displayed as vectors.
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2.8 Trend, Bar Graph, and Vector Displays

* Vector Display When the Wiring System Is 3P4W (Three-phase, four-wire)
U1(1), U2(1), and U3(1) are phase voltages. 11(1), 12(1), and 13(1) are line currents.

")

12(1)

» Vector Display When the Wiring System Is 3P3W (3V3A; Three-voltage, three-current)
U1(1), U2(1), and U3(1) are line voltages. 11(1), 12(1), and 13(1) are line currents.

By moving the vectors U1(1),
! U2(1), and U3(1) so that the
(1) starting poir}ts. of all vectors u3()

are at the origin O, the phase
relationship can be observed
in the same fashion as the u1(1)
3P4W system.
(The WT500 does not provide a
function for moving the vectors.)

(1)

oU1-U2

13(1)

The phase difference between the line voltages
can be determined from the phase difference
12(1) measurement functions 12(1)
¢U1-U2 and ¢U1-U3.

oU1-U2 = Measurement function ¢U1-U2

¢U2-U3=(oU1-U3) - (pU1-U2) — 180

¢oU3-U1=—(pU1-U3)

» Vector Display When the Wiring System Is 3P3W (Three-phase, three-wire)
U1(1), U2(1), and U3(1) are line voltages. 11(1), 12(1), and 13(1) are line currents.
However, U3(1) and 13(1) are not actually measured for the 3P3W system.

The vectors are displayed ‘through computation.

(1)

12(1)
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2.9 Saving and Loading Data, and Other
Miscellaneous Functions

Storage (See chapter 9 for operating instructions)
Numeric data can be stored to the WT500 internal memory or USB memory. The data is

stored at the data update rate or at a specified time interval.

Saving and Loading from the Storage Medium (See chapter 10 for operating

instructions)
The WT500 has USB ports (for peripheral devices). You can save numeric data,

waveform display data, screen image data, and setup parameters to USB memory. You
can load saved setup parameters as necessary. Also, you can insert image data into
documents in a word-processing application.

USB memory PC

How WT500 Numeric Data and Waveform Display Data Can Be Transferred to a Personal
Computer

Online’ e Save _ |Binary format

Save r‘l Waveform display data i WT Viewer
(*.wta)

Ll [ Numeric display data }

Store Store

-
— 53 |nternal RAM disk

e USB storage --—-—-—-

Data stored in binary format
(*.WTS and *.HDS)

CSV format
(*.csv)

Microsoft Excel

Offline?

[
I_| Numeric display data |

|—| Waveform display data |

I
I
i
i
I
ASCII format (*.CSV) 0
i
]
i
i

1 Data acquisition using USB, Ethernet (optional), or GP-IB (optional)
2 Data acquisition using USB memory
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2.9 Saving and Loading Data, and Other Miscellaneous Functions

Ethernet Interface (Optional) (See chapter 11 for operating instructions)
Using the FTP server function, you can access the WT500 from an FTP client” on the

network and retrieve files from the WT500 internal memory or USB storage.
* PC or workstation with FTP client features.

=
) [— PC

USB, GP-IB (Optional), and Ethernet (Optional) Communication (See the
Communication Interface User’s Manual IM760201-17E)

You can transfer measured data to a PC through a standard-equipped USB port, the
optional GP-IB interface, or the optional Ethernet interface and analyze it on the PC. You
can also make measurements by using an external controller to control the WT500.

PC

Communication
interface

Entering Values and Strings on a USB Keyboard (See section 3.15 for operating

instructions)
You can connect a USB keyboard to a USB port and enter file names, comments, and so

on.

USB keyboard

Initialization (See section 3.13 for operating instructions)
All setting made using panel keys and soft keys can be restored to their factory default

settings. For information about the initial settings, see appendix 2, “List of Initial Settings
and Numeric Data Display Order.”
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2.9 Saving and Loading Data, and Other Miscellaneous Functions

Selecting the Message Language (See section 3.18 for operating instructions)
You can set the language of the error messages displayed on the screen during

operation to English or Japanese.

Selecting the Menu Language (See section 3.18 for operating instructions)
You can set the language of the menus displayed on the screen to English or Japanese.

RGB Video Signal (VGA) Output (Optional) (See section 12.2 for operating
instructions)
The RGB video signal (VGA, Video Graphics Array) can be output to an external monitor.

This allows values and waveforms to be displayed on a large screen.

Zero-Level Compensation (See section 12.3 for operating instructions)
Zero-level compensation is when the WT500 creates a zero input condition in its internal

circuitry and sets the level at that point to the zero level. Zero-level compensation

must be performed to satisfy the specifications of this instrument (see chapter 14).
Zero level compensation is automatically performed when the measurement range or
input filter is changed. However, when the measurement range and input filter are not
changed over an extended time, the zero level may change due to the changes in the
environment surrounding the instrument. In such cases, you can manually perform
zero-level compensation. There is also a function that automatically performs zero-level
compensation during integration.

NULL Feature (See section 12.4 for operating instructions)
When the NULL feature is turned on, the Udc and Idc values (numeric data of the simple

average of the voltage and current) are set as NULL values. The NULL values are
subtracted from the sampled voltage and current values. All measurement functions are
affected by the NULL values.

Setting the Key Lock or Shift Lock (See section 12.5 for operating instructions)

The key lock can be used to prevent inadvertent operation errors. The shift lock can be
used to reduce the number of times you press SHIFT.

Master/Slave Synchronized Measurement (See section 12.6 for operating

instructions)
The measurement of two WT500s can be synchronized by making one WT500 the

master and the other WT500 the slave. The master outputs a measurement start signal,
and the slave receives the signal.

System Condition Check (See section 13.4 for operating instructions)
You can view information about the WT500, such as the model, firmware version (ROM

version), input element configuration, and installed options.

Self-Test Feature (See section 13.3 for operating instructions)
The WT500 can evaluate its internal memory (RAM) and panel keys to determine if they

are working properly.
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Chapter 3

Before You Start Measuring

3.1

Handling Precautions

Safety Precautions

If you are using this instrument for the first time, make sure to thoroughly read “Safety
Precautions,” on pages vi and vii.

Do Not Remove the Case

Do not remove the case from the instrument. Some parts of the instrument use high
voltages and are extremely dangerous. For internal inspection and adjustment, contact
your nearest YOKOGAWA dealer.

Unplug If Abnormal Behavior Occurs

If you notice smoke or unusual odors coming from the instrument, immediately turn
off the power and unplug the power cord. Also, turn off the power to any circuits under
measurement that are connected to the input terminals. Then, contact your nearest
YOKOGAWA dealer.

Do Not Damage the Power Cord

Nothing should be placed on top of the power cord, and it should be kept away from any
heat sources. When removing the plug from the power outlet, do not pull on the cord.
Pull from the plug. If the power cord is damaged, purchase a replacement with the same
part number as the one indicated on page iv.

IM 760201-01E
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3.1 Handling Precautions

General Handling Precautions

Do Not Place Objects on Top of the Instrument
Never stack the instrument or place other instruments or any objects containing water on
top of it. Doing so may damage the instrument.

Keep Electrically Charged Objects Away from the Instrument
Keep electrically charged objects away from the input terminals. They may damage the
internal circuitry.

Do Not Damage the LCD
Because the LCD is very vulnerable and can be easily scratched, do not allow any sharp
objects near it. Also, do not apply vibration or shock to it.

Unplug during Extended Non-Use
Turn off the power to the circuit under measurement and the instrument and remove the
power cord from the outlet.

Carry the Instrument Properly

First, turn off the circuit under measurement and remove the measurement cables. Then,
turn off the instrument and remove the power cord and any attached cables. When
moving the instrument, hold the handles on each side as shown below.

When Cleaning the Instrument

When cleaning the case or the operation panel, turn off the circuit under measurement
and the instrument and remove the instrument’s power cord from the outlet. Then,
wipe the instrument lightly with a clean dry cloth. Do not use volatile chemicals such as
benzene or thinner, because they might cause discoloring and deformation.
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3.2

Installing the Instrument

Installation Conditions

Install the instrument in an indoors environment that meets the following conditions.

Flat, Even Surface

Install the instrument on a surface that is flat and even in all directions. If you install the
instrument on an uneven or tilted surface, the accuracy of its measurements may be
impeded.

Well-Ventilated

Inlet holes are located on the top and vent holes are located on the bottom of the
instrument. To prevent internal overheating, allow at least 20 mm of space around the
inlet and vent holes.

When connecting measurement wires and other various cables allow extra space for
operation.

Appropriate Ambient Temperature and Humidity

Ambient temperature: 5 to 40°C

Ambient humidity: 20 to 80% RH
No matter what the circumstances, there must be no
condensation.

Do not install the instrument in the following kinds of places.

 In direct sunlight, or near sources of heat

* In an environment with excessive amounts of soot, steam, dust, or corrosive gases
» Near strong magnetic fields

* Near high voltage equipment or power lines

» In a place that is subject to large levels of mechanical vibration

* On an unstable surface

Nofte

» For the most accurate measurements, use the instrument in the following kind of

environment.

Ambient temperature: 23 + 5°C Ambient humidity: 30 to 75%RH (no condensation)

When using the instrument in a place where the ambient temperature is 5 to 18°C or 28 to
40°C, add the temperature coefficient to the accuracy as specified in chapter 14.

*  When installing the instrument in a place where the ambient humidity is 30% or below, take
measures to prevent static electricity such as using an anti-static mat.

« Condensation may form when the instrument is moved from a low temperature/humidity
environment to a high temperature/humidity environment, or when there is a sudden change
in temperature. In these kinds of circumstances, wait for at least an hour before using the
instrument, to acclimate it to the surrounding temperature.

Storing the Instrument

When storing the instrument, avoid the following kinds of places.

* Where the relative humidity is 80% or higher

» Where the level of mechanical vibration is high

* In direct sunlight

*  Where there are corrosive or explosive gasses

» Where the temperature is 60°C or higher

» Where an excessive amount of soot, dust, salt, or iron is present

* Near a strong source of heat or moisture

»  Where water, oil, or chemicals may splash

We recommend that the instrument be stored in an environment where the temperature

IM 760201-01E
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3.2 Installing the Instrument

Installation Position
Desktop
Place the instrument on a flat, even surface as shown in the figure below. If the
instrument is installed in a horizontal position, rubber stoppers can be attached to the
feet to prevent the instrument from sliding. One set of rubber feet (two feet) are included
in the package. Do not install the instrument in positions other than the left two positions
indicated below.

Mounting in a Rack

To mount the instrument in a rack, use the separately sold rack mount kit.

Part Name Model Note

Rack mount kit (for single mount) 751533-E4 for EIA
Rack mount kit (for multiple mount) 751534-E4 for EIA
Rack mount kit (for single mount) 751533-J4 For JIS
Rack mount kit (for multiple mount) 751534-J4 For JIS

An outline of the attachment procedures is given below. For detailed procedures, see the

instructions that are included with the rack mount kit.

1.
2.
3.

Remove the handles from the left side of the instrument.

Remove the four feet from the bottom of the instrument.

Remove the two plastic rivets and the four seals covering the rack mount

attachment holes on each side of the instrument near the front.

Place seals over the feet and handle attachment holes.

Attach the rack mount kit.

Mount the instrument on the rack.

When mounting the instrument to a rack, allow at least 20 mm of space around the inlet and

vent holes to prevent internal heating.

Make sure to provide adequate support from the bottom of the instrument while avoiding

blocking the inlet and vent holes.
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3.3

Connecting the Power Supply

Before Connecting the Power Supply

A

To avoid electric shock and damage to the instrument, follow the precautions below.

» Confirm that the power source voltage matches the instrument’s rated power
source voltage before connecting the power cord.

« Confirm that the power switch is off before connecting the power cord.

» To prevent fire and electric shock, use the power cord supplied by YOKOGAWA.

» To prevent electric shock, make sure to ground the instrument. Insert the
instrument’s power cord into a grounded three-prong outlet.

» Do not use an ungrounded extension cord. If you do, the device will not be
grounded.

» Use an AC outlet that matches the power cord provided, and make sure that the
instrument is properly grounded. If an appropriate AC outlet is unavailable and
protective grounding cannot be furnished, do not use the instrument.

Connecting the Power Cord

1. Check that the power switch is off.
2. Connect the instrument’s power cord to the power inlet on the rear panel.

3. Connect the plug on the other end of the power cord to an outlet that meets the
conditions below. The AC outlet must be a three-prong outlet with a protective
earth ground terminal.

Item Specification
Rated supply voltage 100 to 240 VAC
Permitted supply voltage range 90 to 264 VAC
Rated supply frequency 50/60 Hz
Permitted supply voltage frequency range 48 to 63 Hz
Maximum power consumption 80 VA

*

The instrument can use a 100-V or a 200-V power supply. Check that the voltage supplied to
the instrument is less than or equal to the maximum rated voltage of the power cord provided
with the instrument before using it (see page iii for the maximum rated voltage).

3-prong outlet

a
ﬁwer cord

(included in the package)
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3.4 Turning the Power Switch On and Off

Before Turning On the Power, Check That:

* The instrument is installed properly (see section 3.2, “Installing the Instrument”).
» The power cord is connected properly (see section 3.3, “Connecting the Power

Supply”).

Power Switch Location
The power switch is located in the lower left of the front panel.

Turning the power switch on and off
The power switch is a push button. Press the button once to turn the instrument on and

press it again to turn the instrument off.

OFF ON

—
L. L

Operations Performed When the Power Is Turned On
When the power switch is turned on, a self-test starts automatically. When the self-test

completes successfully, the display shows the screen that was displayed immediately
before the power switch was turned off.

Note

If the instrument does not operate as described above when the power switch is turned on, turn

the power switch off and check that:

» The power cord is securely connected.

» The power outlet is receiving the correct voltage (see section 3.3, “Connecting the Power
Supply”).

» After checking the above, try turning on the power switch while holding down ESC to reset
the settings to their initial values (the factory default). For information about the initial
settings, see section 3.13, “Initialization.”

If the instrument still does not work properly, contact your nearest YOKOGAWA dealer for

repairs.
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3.4 Turning the Power Switch On and Off

To Make Accurate Measurements

» Allow the instrument to warm up for at least 30 minutes after turning on the power
switch.

» Perform zero-level compensation after you have allowed the instrument to warm up (see
section 12.3, “Performing Zero- Level Compensation”).

Operations Performed When the Power Is Turned Off

After the power switch is turned off, the instrument stores the setup parameters in its
memory before shutting down. The same operation is performed when the power cord is
removed. The next time the power switch is turned on, the instrument powers up using
the stored setup parameters.

Note

A lithium battery is used to retain the setup parameters. When the lithium battery voltage falls

below a certain level and you turn the power switch on, the instrument displays a message

on the screen (see section 13.2 for details). If this message appears frequently, the battery

should be replaced quickly. Do not try to replace the battery yourself. Contact your nearest

YOKOGAWA dealer to have the battery replaced. For information about the battery life, see
section 13.5.

IM 760201-01E

3-7

Burinseay Je}S NoA aloag H



3.5 Precautions for Wiring the Circuit That You Will
Measure

A

To avoid electric shock and damage to the instrument, follow the precautions below.

Ground the instrument before connecting measurement cables. The power cord
that comes with the instrument is a three-prong cord. Insert the power cord into
a grounded three-prong outlet.

Turn off the power to the circuit under measurement when wiring or
disconnecting it. Connecting or removing measurement cables while the power
is on is dangerous.

Do not wire a current circuit to the voltage input terminal or a voltage circuit to
the current input terminal.

Strip the insulation covers of measurement cables so that when they are wired
to the input terminals, the conductive parts (bare wires) do not protrude from the
terminals. Also, make sure to fasten the input terminal screws securely so that
cables do not come loose.

Only connect cables that have safety terminals that cover the conductive parts
to the voltage input terminals. Using a terminal with bare conductive parts (such
as a banana plug) can be dangerous if the terminal comes loose.

Only connect cables that have safety terminals that cover the conductive parts
to the current sensor input terminals. Using a terminal with bare conductive parts
(such as a banana plug) is dangerous if the terminal comes loose.

When the voltage from the circuit under measurement is being applied to the
current input terminals, do not touch the current sensor input terminals. Doing
so is dangerous because the terminals are electrically connected inside the
instrument.

When connecting a measurement cable from an external current sensor to a
current sensor input connector, remove the cables connected to the current
input terminals. In addition, when the voltage of the circuit under measurement
is being applied to a current sensor input terminal, do not touch the current
input terminals. Doing so is dangerous because the terminals are electrically
connected inside the instrument.

When using an external voltage transformer (VT) or current transformer (CT),
make sure that it has enough dielectric strength for the voltage (U) being
measured (2U + 1000 V recommended). Also, make sure that the secondary
side of the CT does not become an open circuit while the power is being applied.
If this happens, high voltage will appear at the secondary side of the CT, making
it extremely dangerous.

When using an external current sensor, make sure to use a sensor that comes in
a case. The conductive parts and the case should be insulated, and the sensor
should have enough dielectric strength for the voltage being measured. Using a
bare sensor is dangerous, because you might accidentally touch it.

When using a shunt-type current sensor as an external current sensor, turn off
the circuit under measurement. Connecting or removing the sensor while the
power is on is dangerous.

When using a clamp-type current sensor as an external current sensor, confirm
that there are no shock hazards, after making sure that you understand the
voltage of the circuit under measurement and the specifications and handling of
the clamp-type sensor.

For safety reasons, when using the instrument on a rack mount, set up a switch
for turning off the circuit under measurement from the front side of the rack.
After connecting measurement cables, attach the current input protection cover
using the screws provided. Make sure that the conductive parts do not protrude
from the protection cover.
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3.5 Precautions for Wiring the Circuit That You Will Measure

A

« To make the protective measures effective, before applying the voltage or
current from the circuit under measurement, check that:
» The power cord provided with the instrument is being used to connect to the
power supply and that the instrument is grounded.
* The instrument’s power switch is turned on.
» The current input protective cover provided with the instrument is being used.
*  When the instrument’s power switch is turned on, do not apply a signal that
exceeds the following values to the voltage or current input terminals. When the
instrument is turned off, turn off the circuit under measurement. For information
about other input terminals, see chapter 14.

Instantaneous Maximum Allowable Input (1 s or less)

Voltage Input
Peak value of 2000 V or rms value of 1500 V, whichever is less.

Current input
Direct input
Peak value of 150 A or rms value of 45 A, whichever is less.
External Sensor Input
Peak value less than or equal to 10 times the range.

Continuous Maximum Allowable Input

Voltage Input
Peak value of 1500 V or rms value of 1000 V, whichever is less.

Current input
Direct input
Peak value of 100 A or rms value of 45 A, whichever is less.
External Sensor Input
Peak value less than or equal to 5 times the range.

CAUTION

* Use measurement cables with dielectric strengths and current capacities that
are appropriate for the voltage or current being measured.
Example: When making measurements on a current of 20 A, use copper wires
that have a conductive cross-sectional area of 4 mmZ. or greater.
» Connecting cables may cause radio interference, in which case users will be
required to correct the interference.

Nofte

» After you finish wiring, you must select the wiring system. For details, see section 4.2,
“Selecting the Wiring System.”

» If you are measuring large currents, voltages or currents that contain high frequency
components, take special care in dealing with mutual interference and noise when wiring.

» Keep measurement cables as short as possible to minimize the loss between the circuit
under measurement and the instrument.

* The thick lines on the wiring diagrams shown in sections 3.9 to 3.11 are the sections where
the current flows. Use wires that are suitable for the current levels.

» To make accurate measurements of the voltage of the circuit under measurement, connect
the cable to the circuit as closely as possible.

» To make correct measurements, separate the measurement cables as far away from the
ground wires and the instrument’s case as possible to minimize static capacitance to the
ground.

« To measure the apparent power and power factor more accurately on an unbalanced three-
phase circuit, we recommend that you use a three-voltage, three-current method with a
three-phase, three-wire system (3P3W; 3V3A).

IM 760201-01E
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3.6 Assembling the Adapter for the Voltage Input

Terminal

Assembling the 758931 Safety Terminal Adapter

When connecting a measurement cable to a WT500 voltage input terminal, use the
758931 Safety Terminal Adapter that comes with the package or the 758923 Safety
Terminal Adapter that is sold separately. When using the 758931 Safety Terminal
Adapter, assemble it according to the following procedure.

Assembling the Safety Terminal Adapter

1. Remove approximately 10 mm of the covering from the end of the cable and pass
it through the internal insulator.

Cable

Internal insulator

Attachable cable
Covering: Max. diameter 3.9 mm

Core wire: Max. diameter 1.8 mm

——=——

2. Insert the tip of the cable into the plug. Fasten the cable in place using the

hexagonal wrench.

Hexagonal wrench Plug

Insert the hexagonal wrench into the plug and tighten.

3. Insert the plug into the internal insulator.

| ——

DA

4. Attach the external cover. Make sure that the cover does not come off.

| —

Note

fﬂ@m»/ﬂ: .

Cover

Once the cover is attached, disassembly is difficult. Use care when attaching the cover.

Below is an illustration of the adapter after it has been assembled.

=
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3.6 Assembling the Adapter for the Voltage Input Terminal

Explanation

Wire the adapters that come with the WT500 or the adapters and various sensors that
are sold separately as shown below:

Wiring to the Voltage Input Terminal

Voltage under

measurement
758921
2§;7 758917
S — — §
j — N\
758922 T
DE— % ] WT500 voltage
input terminal
758929 758923
—
] %ﬁ?@ — e
758931
} A

Use the separately sold clamp-on probes as follows:
Wiring to the Current Input Terminal

Current under
measurement

751550
(voltage output type)

758924

WT500 EXT

W input terminal

751552
(current output type) 758917 758921

il
ﬁ/;j WT500 current

input terminal

Connecting a clamp-on probe

* The current input terminal and EXT input terminal cannot be wired (used) simultaneously.
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3.7 Wiring for Accurate Measurements

To make accurate measurements, refer to the items below when wiring the voltage input
and current input terminals.

Effects of Stray Capacitance

When measuring a single-phase device, the effects of stray capacitance on measurement
accuracy can be minimized by connecting the instrument’s current input terminal to the
side that is closest to the earth potential of the power source (SOURCE).

* Easily affected * Not easily affected
| /ﬁ +
o/
U U
SOURCE LOAD SOURCE LOAD
+ +
+ ml
o/
Effects of the Measured Voltage and Current Amplitudes
* When the measured current is relatively * When the measured current is relatively
large small
Connect the voltage input Connect the current input
terminal to the load end. terminal to the load end.
U U
SOURCE A LOAD SOURCE A LOAD
Oy ZOL
o/ o/

Explanation

For details on the effects of stray capacitance and the effects of the measured voltage
and current amplitudes, see appendix 4, “How to Make Accurate Measurements.”
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3.8

Guide for Selecting the Method Used to
Measure the Power

Select the measurement method according to the amplitude of the measured voltage
or current from the table below. For details about a wiring system or method, see its
corresponding section indicated in the table.

Voltage Measurement Methods

When the voltage is less
than or equal to 1000 V

When the voltage
exceeds 1000 V

Voltage Direct input See section 3.9 Direct input is not possible
wiring VT (voltage transformer) See section 3.11
Current Measurement Methods
When the voltage is less
than or equal to 1000 V
When the voltage
When the current is | ywhen the current exceeds 1000 V
less than orequal | oy ceeds 40 A
to40 A
Direct input See section 3.9 Direct input is not possible
. i Shunt resistors
Shunt resistor See section 3.10 cannot be used
Current |Clamp-type current sensor| .
wiring (voltage output type) See section 3.10

Clamp-type current sensor

(current output type) See section 3.11

CT (current transformer) See section 3.11

Notes when Replacing Other Power Meters with the WT500

In three-phase, three-wire systems (3P3W) and three-phase, three-wire systems that use
a three-voltage, three-current method (3P3W; 3V3A), the wiring system of the WT500
may be different from that of another product (another digital power meter) depending

on whether the reference voltage used to measure the line voltage (see appendix 4 for
details) is based on single-phase or three-phase power. To make correct measurements,
see the referenced sections in the selection guide above and check the wiring method of
the three-phase, three-wire system.

WT500 WT2000
WT3000 i WT1000
WT1600 The three-pha_se, three-wire WT230
PZ4000 systems are different _ | wT130
h ~ | 2533
2532
etc.

For example, if you replace the WT2000 (used in a three-phase, three-wire system) with
the WT500 and leave the wiring unchanged, the measured power of each element will
be different between the WT2000 and the WT500. Refer to this manual and re-wire the
system correctly.

Nofte
In the wiring examples that follow, models are referred to by number. For information about the
different WT500 models and their specifications, see page iii.
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3.9 Wiring the Circuit That You Will Measure for
Direct Input

This section explains how to wire the measurement cable directly from the circuit that
you will measure to the voltage or current input terminal.

To avoid electric shock and damage to the instrument, follow the precautions given in
section 3.5, “Precautions for Wiring the Circuit That You Will Measure.”

Connecting to the Input Terminal
Voltage Input Terminal
The terminal is a $4-mm safety banana jack (female).
Insert the safety terminal (whose conductive parts are not exposed) into the voltage input
terminal.
If you are using the 758931 Safety Terminal Adapter that comes with the package, see
section 3.6.

Current Input Terminal

*  When the voltage of the circuit under measurement is being applied to the current
input terminals, do not touch the current sensor input terminals. Doing so is dangerous
because the terminals are electrically connected inside the instrument.

*  When connecting measurement cables from external current sensors to current
sensor input connectors, remove the cables connected to the current input terminals.
In addition, when the voltage of the circuit under measurement is being applied to
current sensor input terminals, do not touch the current input terminals. Doing so is
dangerous because the terminals are electrically connected inside the instrument.

» The terminal is a binding post, and the screws are M6. Either wind the wire around the
screw or pass the crimp-on lugs through the screw axis, then tighten firmly with the
terminal knob.

o s 24
/ Unit: mm

I

Number of Installed Input Elements and Wiring Systems
The selectable wiring systems vary depending on the number of installed elements. For

example, the three-phase, four-wire (3P4W) system cannot be selected on models with
two input elements. For details, see “Number of Installed Input Elements and Wiring
Systems” in section 2.3, “Measurement Conditions.”
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3.9 Wiring the Circuit That You Will Measure for Direct Input

The assignment of elements to the input terminals in the wiring example figures below
varies depending on the number of installed input elements. For details, see “Number of
Installed Input Elements and Wiring Systems” in section 2.3, “Measurement Conditions.”

Nofte

« After you have finished wiring, you must select the wiring system. For details, see section 4.2,

“Selecting the Wiring System.”
« The thick lines on the wiring diagrams are the sections where the current flows. Use wires
that are suitable for the current levels.

Single-Phase, Two-Wire System Wiring Example (Applicable for models 760201,

760202, and 760203)

If three input elements are available, three single-phase, two-wire systems can be set up.
See section 3.7 for information about which of the wiring systems shown below should

be selected.

SOURCE

LOAD

|

©O 0O

Input terminal

SOURCE

LOAD

!

i

Input terminal

SOURCE

SOURCE

Burinseay JiejS NoA alojag H

U
LOAD
+
+ /”\I
o/
| /|‘1\ Ipm!
N
U
LOAD

Single-Phase, Three-Wire System Wiring Example (Applicable for models 760202

and 760203)

If three input elements are available, two single-phase, three-wire systems can be set up

(elements 1 and 2, or elements 2 and 3).

SOURCE

LOAD

|
®E ®©

Input terminal 1

|
©
®

(-

Input terminal 2

SOURCE

)
N U
+
LOAD
+
U
(i2)
N
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3.9 Wiring the Circuit That You Will Measure for Direct Input

Three-Phase, Three-Wire System Wiring Example (Applicable for models 760202
and 760203)

If three input elements are available, two three-phase, three-wire systems can be set up
(elements 1 and 2, or elements 2 and 3).

RSOURCE LOAD @U
S U1
T . A + LOAD
a1l &l
e @
& ®
Input terminal 1 Input terminal 2

Wiring Example of a Three-Phase, Three-Wire System with a Three-Voltage,
Three-Current Method (3P3W; 3V3A) (Applicable for model 760203)

If three input elements are available, one three-phase, three-wire system with a three-
voltage, three-current method can be set up (elements 1, 2, and 3).

- SOURCE LOAD
s L)
T — R
u u
. : : sou TRCE . i@@ @Di LOAD
® ® ® ”
— —D —( *02))
@ © @ (13

Input terminal 1 Input terminal 2 Input terminal 3

Three-Phase, Four-Wire System Wiring Example (Applicable for model 760203)

If three input elements are available, one three-phase, four-wire system can be set up
(elements 1, 2, and 3).

RSOURCE LOAD
s (i
T R u
N ) . SOURCE | N t LOAD
+ s
© J © J © e @
®- @ : ()T U T
® ® ® ©:

Input terminal 1 Input terminal 2 Input terminal 3

Note

For details about the relationship between the wiring system and how measured and
computed values are determined, see appendix 1, “Symbols and Determination of
Measurement Functions.”
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3.10 Wiring the Circuit That You Will Measure with a
Current Sensor

To avoid electric shock and damage to the instrument, follow the precautions given in
section 3.5, “Precautions for Wiring the Circuit That You Will Measure.”

If the maximum current value of the circuit under measurement exceeds the maximum
range of the current input terminal, 40 Arms, you can measure the current by connecting
an external sensor to the current sensor input connector.

Current sensor output type
* In the wiring example in this section, you can use a shunt resistor or a clamp-type

current sensor as the external current sensor.
* When using a clamp-type current sensor that outputs current, see section 3.11.

Connecting to the Input Terminal
Voltage Input Terminal
The terminal is a $4-mm safety banana jack (female).
Insert the safety terminal (the conductive parts are not exposed) into the voltage input
terminal.
If you are using the 758931 Safety Terminal Adapter that comes with the package, see
section 3.6.

External Current Sensor Input Terminal

Connect an external sensor cable with a BNC connector (B9284LK, sold separately) to
an external current sensor input connector.

Remove the measurement cable connected to the current input terminal. Because the
current sensor input terminal and the current input terminal are connected internally,
connecting both terminals simultaneously not only results in measurement errors but may
also cause damage to the instrument.

In addition, when the voltage of the circuit under measurement is being applied to the
current sensor input terminal, do not touch the current input terminals. Doing so is
dangerous because the terminals are electrically connected inside the instrument.

Number of Installed Input Elements and Wiring Systems
The selectable wiring systems vary depending on the number of input elements that are

installed in the WT500. For details, see “Number of Installed Input Elements and Wiring
Systems” in section 2.3, “Measurement Conditions.”

IM 760201-01E 317

Burinseayy Jie}S NoA alojag H



3.10 Wiring the Circuit That You Will Measure with a Current Sensor

No

te

After wiring has been completed, the wiring system must be selected. See section 4.2,

“Selecting the Wiring System.”

The thick lines on the wiring diagrams are the sections where the current flows. Use wires

that are suitable for the current levels.

To measure the apparent power and power factor more accurately on an unbalanced three-

phase circuit, we recommend that you use a three-voltage, three-current method with a

three-phase, three-wire system (3P3W; 3V3A).

The current sensor input conversion feature can be used to convert the input signal data to

the corresponding data that would be acquired from direct measurements. For information

about how to set up this feature, see section 4.5, “Setting the Measurement Range for an

External Current Sensor (Optional).”

Note that the frequency and phase characteristics of the current sensor affect the measured

data.

Make sure that you have the polarities correct when you make connections. Otherwise,

the polarity of the measurement current will be reversed, and you will not be able to make

correct measurements. Be especially careful when connecting the clamp type current

sensor, because it is easy to reverse the connection.

To minimize error when using a shunt resistor, follow the guidelines below when connecting

the external sensor cable.

+ Connect the shielded wire of the external sensor cable to the L side of the shunt output
terminal (OUT).

+ Minimize the area of the space between the wires connecting the shunt resistor to the
external sensor cable. This reduces the effects of the lines of magnetic force (which are
caused by the measurement current) and the external noise that enter the space.

Space between the

. connection wires
Shunt resistor

OUTH External sensor cable
I - (B928;\4LK, sold separately)
=>WT500
+ O Shielded wire
OUTL

Connect a shunt resistor to the power earth ground as shown in the figure below. If you have
to connect the sensor to the non-earth side, use a wire that is thicker than AWG18 (conductive
cross-sectional area of approx. 1 mm?) between the sensor and the instrument to reduce the
effects of common mode voltage. Take safety and error reduction into consideration when
constructing an external sensor cable.

Power meter

U
Voltage input terminal

-O
(f}/ O LOAD
External current sensor
input connector
A

= Shunt résistor

When the circuit under measurement is not grounded and the signal is high in frequency or
large in power, the effects of the inductance of the shunt resistor cable become large. In this
case, use an isolation sensor (CT, DC-CT, or clamp).

Clamp-type current sensor

fa)
Y
Power meter
U
@ _8 + Voltage input terminal LOAD
External current sensor

input connector
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3.10 Wiring the Circuit That You Will Measure with a Current Sensor

The following wiring examples are for connecting shunt resistors. When connecting a
clamp-type current sensor that outputs voltage, substitute the shunt-type current sensor

with the clamp-type.
Shunt resistor Clamp-type current sensor
that outputs voltage
| +
™\
\Y
OUTH OUTL
->
% Input terminal % Input terminal
o) O
External current sensor External current sensor
input connector input connector
(EXT) (EXT)

The assignment of elements to the input terminals in the figures below varies depending
on the number of installed input elements. For details, see “Number of Installed Input
Elements and Wiring Systems” in section 2.3, “Measurement Conditions.”

Wiring Example of a Single-Phase, Two-Wire System (1P2W) with a Shunt

Resistor
SOURCE LOAD

Input terminal

External current sensor
input connector
(EXT)

Wiring Example of a Single-Phase, Three-Wire System (1P3W) with a Shunt

Resistor
SOURCE . LOAD

OUTHE ;OUTL

OUTH OuTL
Og Input terminal 1 Og Input terminal 2
o) o)
External current sensor External current sensor
input connector input connector
(EXT) (EXT)
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3.10 Wiring the Circuit That You Will Measure with a Current Sensor

Wiring Example of a Three-Phase, Three-Wire System (3P3W) with a Shunt

Resistor

SOURCE

R
OUTH OuUTL

| +

LOAD

+

S ( )q:/\i? )
OUTH OuUTL
T
Og Input terminal 1 Og Input terminal 2
© ©

External current sensor
input connector

(EXT)

External current sensor
input connector

(EXT)

Wiring Example of a Three-Phase, Three-Wire System with a Three-Voltage,
Three-Current Method (3P3W; 3V3A) and a Shunt Resistor

SOURCE |

R

LOAD

OUTH

OUTL

RN

+

OUTH

OUTL

OUTH

R

+

OUTL

(@)
&

|

©O)

External current sensor

Input
terminal 1

input connector

(EXT)

Q

o=

J

©)

Input
terminal 2

External current sensor

input connector

(EXT)

)

Input

O
©)

terminal 3

External current sensor

input connector

(EXT)

Wiring Example of a Three-Phase, Four-Wire System (3P3W) with a Shunt

Resistor
SOURCE | + LOAD
R
ouT Hi ;OUT L | +
S
OUTH OuUTL | +
T —
OUTH OUTL
N ' . .
@) Jlnput @) Jlnput @) Jlnput
@_ terminal 1 @_ terminal 2 @_ terminal 3
O O O

External current sensor

External current sensor

External current sensor

input connector
(EXT)

input connector
(EXT)

input connector
(EXT)

Nofte
For details about the relationship between the wiring system and how measured and computed
values are determined, see appendix 1, “Symbols and Determination of Measurement
Functions.”
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3.11  Wiring the Circuit That You Will Measure with a

VTorCT

This section explains how to wire a measurement cable from an external VT or CT to

a voltage or current input terminal. Also refer to this section when wiring a clamp-type
current sensor that outputs current.

To avoid electric shock and damage to the instrument, follow the precautions given in
section 3.5, “Precautions for Wiring the Circuit That You Will Measure.”

When the maximum voltage of the circuit under measurement exceeds 1000 Vrms, you
can make measurements by connecting an external VT to the voltage input terminal.

If the maximum current value of the circuit under measurement exceeds the maximum
range of the input elements, 40 Arms, you can measure the current by connecting an
external CT, or a clamp-type sensor that outputs current, to a current input terminal.

Connecting to the Input Terminal

Voltage Input Terminal

The terminals are $4-mm safety banana jacks (female).

Only insert a safety terminal whose conductive parts are not exposed into a voltage input
terminal.

If you are using the 758931 Safety Terminal Adapter that comes with the package, see
section 3.6.

Current Input Terminal

* When the voltage of the circuit under measurement is being applied to the current
input terminals, do not touch the current sensor input terminals. Doing so is dangerous
because the terminals are electrically connected inside the instrument.

* When connecting a measurement cable from an external current sensor to a current
sensor input connector, remove the cables connected to the current input terminals.
In addition, when the voltage of the circuit under measurement is being applied to
a current sensor input terminal, do not touch the current input terminal. Doing so is
dangerous because the terminals are electrically connected inside the instrument.

* The screws used on the terminal (binding post) are M6 screws. Wind the wire around
the screw, use the separately sold Fork Terminal Adapter (758921), or pass the crimp-
on lugs through the screw axis, then tighten firmly with the terminal knob.

» For the dimensions of the terminal parts, see section 3.9.

Number of Installed Input Elements and Wiring Systems

The selectable wiring systems vary depending on the number of input elements that are
installed in the WT500. For details, see “Number of Installed Input Elements and Wiring
Systems” in section 2.3, “Measurement Conditions.”

General VT and CT Handling Precautions

» Do not short the secondary side of a VT. Doing so may damage it.

» Do not short the secondary side of a CT. Doing so may damage it.
Also, follow the VT or CT handling precautions in the manual that comes with the VT
or CT that you are using.

IM 760201-01E
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3.11 Wiring the Circuit That You Will Measure with a VT or CT

No

te

After you have finished wiring, you must select the wiring system. For details, see section 4.2,

“Selecting the Wiring System.”

The thick lines on the wiring diagrams are the sections where the current flows. Use wires
that are suitable for the current levels.

Make sure that you have the polarities correct when you make connections. If the polarity
is reversed, the polarity of the measurement current will be reversed, and you will not be
able to make correct measurements. Be especially careful when connecting the clamp type
current sensor, because it is easy to reverse the connection.

The scaling feature can be used to transform the input signal to data that corresponds to
direct measurements. For information about how to set up this feature, see section 4.6,
“Setting the Scaling Feature When Using a VT or CT.”

Note that the frequency and phase characteristics of the VT or CT affect the measured data.
For safety reasons, the common terminals (+/-) of the secondary side of the VT and CT are
grounded in the wiring diagrams in this section. However, the necessity of grounding and
the grounding location (ground near the VT or CT or ground near the power meter) vary
depending on the object being measured.

To measure the apparent power and power factor more accurately on an unbalanced three-
phase circuit, we recommend that you use a three-voltage, three-current method with a
three-phase, three-wire system (3P3W; 3V3A).

The following wiring examples are for connecting a CT. When connecting a clamp-type
current sensor that outputs current, substitute the CT with the clamp-type current sensor.
The assignment of elements to the input terminals in the figures below varies depending
on the number of installed input elements. For details, see “Number of Installed Input
Elements and Wiring Systems” in section 2.3, “Measurement Conditions.”

Wiring Example of a Single-Phase, Two-Wire System (1P2W) with a VT and CT
SOURCE LOAD SOURCE LOAD

o ' 'jEG: vT
I

?M\_/EVT
= jg ___ ( ot
®
®
o

Input terminal — Input terminal

Wiring Example of a Single-Phase, Three-Wire System (1P3W) with a VT and CT

N

sou

RCE LOAD

F————— —

wEECT —wﬁiw —miiﬂ —M\;EVT

Vi Vi
[ - - R =1 - R - - - =1
® ®
@ @®
OF—— O1+——2
Input terminal 1 — Input terminal 2
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3.11 Wiring the Circuit That You Will Measure with a VT or CT

Wiring Example of a Three-Phase, Three-Wire System (3P3W) with a VT and CT

SOURCE
R —

LOAD

S

T

Input terminal 1

Input terminal 2 —

Wiring Example of a Three-Phase, Three-Wire System with a Three-Voltage,
Three-Current Method (3P3W; 3V3A), a VT, and a CT

R

S
T

SOURCE

LOAD

F————— —

Input terminal 1

L |

o/ ]

Input terminal 2

Input terminal 3

Wiring Example of a Three-Phase, Four-Wire System (3P4W) with a VT and CT

r SOURCE

S
T
N

LOAD

Input terminal 1

Nofte

Input terminal 2 =

Input terminal 3 =

For details about the relationship between the wiring system and how measured and computed
values are determined, see appendix 1, “Symbols and Determination of Measurement

Functions.”
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3.12 Setting the Date and Time

Procedure

1.

Press MISC to display the Misc Menu.

Turning the Date and Time Display On or Off

2.

3.
4.
5.

Use the cursor keys to select Date/Time.
Press SET to display the Date/Time dialog box.
Use the cursor keys to select Display.

Press SET to select ON or OFF.

Setting the Date or Time Manually

6.

10.
11.
12.

Use the cursor keys to select one of the Date (year, month, and day) or Time (hour,
minute, and second) boxes.

Press SET to display an entry box.

Use the cursor keys to set the year, month, date, hour, minute, or second that
you selected in step 6.

Press SET or ESC to close the entry box.
Repeat steps 6 to 8 to set the year, month, date, hour, minute, and second.
Use the cursor keys to select Set.

Press SET. If you selected ON in step 5, the new date and time are displayed in
the lower right corner of the screen. If you cancel the procedure without pressing
SET, the new settings are not reflected on the display.

Misc Menu
4 System

O i )

i Date/Time

4 Initialize

Settings j
4 Remote Dlsplay _m
4 Date/Time

. Date 2008 |-[0Z ]~
Time (09 |:[44]:[F6]

4 use
4 Network Set
4 Selftest
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3.12 Setting the Date/Time

Explanation

Turning the Date and Time Display On or Off

You can select whether or not to display the date and time in the lower right of the
screen.

» OFF: Do not display the date and time.

* ON: Display the date and time.

Setting the Date and Time
e Setting the Date
The format for setting the date is YY/MM/DD (year/month/day).

* Setting the Date/Time
The format for setting the time is HH:MM:SS (hour:minute:second). The hour can be
set to a value from 0 to 23.

Nofte
» The date and time information is backed up with an internal lithium battery when the power
is turned off.
*  The WT500 contains leap year information. The instrument determines the leap year
calendar when new settings are confirmed. If you enter 2/29 for the date on a non-leap year,
an error message will be displayed.

IM 760201-01E
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3.13 Initializing the Settings

Procedure

Explanation

Nofte

Only initialize the WT500 if you are sure that it is okay for all of the settings to return to their
initial values. You cannot undo an initialization. We recommend that you save the setup
parameters before initializing the WT500 (see section 10.3 for details).

Press MISC to display the Misc Menu.
Use the cursor keys to select Initialize Settings.
Press SET. An alert message appears.

Use the cursor keys to select OK.

O A bR

Press SET to execute initialization.
To cancel the initialization, select Cancel in step 3 and press SET.

Misc Menu

4 System
py ;

4 Initialize
Alert settings

Really Control

4 DatesTime
All settings will be initialized.

Do you want to execute? 4 System Config
i i 4 use
.
a ui 4 Hetwork
4 Selftest

The values specified by using the panel keys can be reset to their factory default values.
This is useful when you wish to clear previous settings or start the settings from scratch.
For information about the initial settings, see appendix 2, “List of Initial Settings and
Numeric Data Display Order.”

Settings That Cannot Be Initialized

Date and time settings

Menu and message language settings

The designation of the files display (Filter)

File utility operation (Function)

USB interface, GP-IB interface (optional), and Ethernet interface (optional) settings

Initializing at Power Up

To make the WT500 start up with the initial settings, turn on the power. Then, when the
message “Boot OK” appears, press and hold ESC until the NUMERIC key blinks. All of
the settings listed under “Settings That Cannot be Initialized,” except for the date and
time, are initialized. A message indicating that the settings have been initialized appears
on the screen.
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3.14 Entering Values and Character Strings

Entering Values

When you select a setup parameter with SET, an entry box appears. Then, you can

change the value by using the cursor keys. Use the left and right cursor keys to select

digits, and use the up and down cursor keys to set the value of a digit.

Scaling Settings

Scaling

YT
CT
SF

Element2
VT [ T.0000]
cr [ 1.0000]
SF [ T.0000]

Element3
vT [ 1.0000]
cr [ 1.0000]
SF [__T.0000]

Notfte

Some of the parameters that can be changed using the cursor keys are reset to their initial
values when SHIFT+ESC (RESET) is pressed.

IM 760201-01E
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3.14 Entering Values and Character Strings

Entering Character Strings

Units, file names, the equations for user-defined functions, and the user name and
password for the Ethernet Interface (optional) can be entered using the keyboard that
is displayed on the screen. Use the cursor keys and SET to navigate the keyboard and
enter a character string.

1. Use the cursor keys to select a character.

Press SET to enter that character into the entry box.
If there are characters already in the entry box, use the Page A and Page V¥ cursor keys to
select the entry position.

3. Repeat steps 1 and 2 to enter all of the characters in the string.

4. After entering all of the characters, select ¢ on the keyboard, and press SET.
If you enter an incorrect user-defined function, an error message appears.

WHCEDATIGED]

FLIFRD EEE]
uEy LL] EFE o Bl7IBIE]e]

Z
rd

(paGE2 ) Moves the cursor to the left.

( ) .

ST Moves the cursor to the right.
(SHITT+ESC) Deletes the previous character.
(SHIFTISET) Enters a character string.

Commit

Keys Other Than the Character Keys

+ CAPS:
+ SPACE:
o d

Switches between uppercase and lowercase.
Enters a space.
Enters the displayed characters.

Usable Characters and Maximum String Lengths

Setting

Max. Length

Usable Characters

Equation
Unit

File name
Comment

Server name
User name

Password

1 to 50 characters

1 to 8 characters

1 to 8 characters
0 to 25 characters

0 to 40 characters

0 to 15 characters

0 to 15 characters

Spaces and all characters that are displayed on the
keyboard

Spaces and all characters that are displayed on the
keyboard

0-9, A-Z, %, _, parentheses, and minus signs
Spaces and all characters that are displayed on the
keyboard

Spaces and all characters that are displayed on the
keyboard

Spaces and all characters that are displayed on the
keyboard

Spaces and all characters that are displayed on the
keyboard

Nofte

File names are not case-sensitive. Comments are case-sensitive. The following file names
cannot be used due to MS-DOS limitations.
AUX, CON, PRN, NUL, CLOCK, COM1 to COM9, and LPT1 to LPT9
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3.15 Entering Character Strings on a USB Keyboard

You can connect a USB keyboard to a USB port and enter file names, comments, and so
on.

USB PERIPHERAL Connector
Use a USB cable to connect a USB keyboard to a USB PERIPHERAL connector on the

left side of the front panel. There are two USB PERIPHERAL ports.

Ports
234
||LJ LJLJLJ|| ||'I:|'I:|'I:|'EI'||
Pin No. Signal Name
1 VBUS : +5V
2 D- . -Data
3 D+ : +Data
4 GND : Ground

Usable Keyboards

The following keyboards conforming to USB Human Interface Devices (HID) Class
Ver1.1 can be used.

* When the USB keyboard language is English: 104 keyboard

* When the USB keyboard language is Japanese: 109 keyboard

Section 3.19 explains how to select one of these two keyboards.

Nofte
« For USB keyboards that have been tested for compatibility, contact your nearest
YOKOGAWA dealer.
* Do not connect USB devices other than USB keyboards or USB memory to the USB
PERIPHERAL ports.
*  The WT500 has two USB PERIPHERAL ports. However, USB devices whose maximum
current consumption exceeds 100 mA cannot be connected simultaneously to the two ports.

Connection Procedure
Connect the USB keyboard to the WT500 directly using a USB cable as shown below.

You can connect/disconnect a USB cable at any time regardless of whether the WT500
is on or off (supports hot-plugging). Connect the type A connector of the USB cable to the
WT500, and connect the type B connector to the keyboard. When the power switch is on,
the keyboard is detected and enabled approximately six seconds after it is connected.

USB keyboard

USB connection

—

WT50| e

=&
22

,,,,, = =T
@EIEIEI E =
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3.15 Entering Character Strings on a USB Keyboard
Nofte

» Connect the keyboard directly, not through a USB hub.
» Do not connect USB devices other than USB keyboards or USB memory to the USB

PERIPHERAL ports.
* Do not connect multiple keyboards.

* Holding down a key on the keyboard does not enter the character or value repetitively.

» Do not connect and disconnect multiple USB devices repetitively. Leave a 10-second
interval between removal and connection.

» Do not connect or disconnect the USB cable after the power is turned on until key operation
is possible (approximately 20 to 30 s).

Confirming What Keyboard Is Connected

To confirm what keyboard is connected to the WT500, carry out the procedure below.
1. Press MISC.

Use the cursor keys to select USB.

3. Press SET to display the USB dialog box.
4. Use the cursor keys to select Device List.
5. Press SET to select USB Device List. Information about the connected USB

keyboard appears.

Misc Menu

4 System

Overview
4 Initialize

Settings TSB Device List

Device Adiress_Product Name

‘ Remote Keyhoard USB1.1 3 USB Hub Keyboard

Control [ USE | Mass Storage  USB2.0 2 USB Flash Disk
4 Date/Time I « USB Device List '
4 system Config |I Keyhoard ENG JPN |

L

4 use

BTWOTK
4 selftest

Entering File Names, Comments, Etc.
When a keyboard is displayed on the screen, you can enter file names, comments, and

other items using the USB keyboard. The characters that are entered by each key on the
USB keyboard vary depending on the keyboard type.

Executing Functions Corresponding to the Keys on the Front Panel of the
WT500

The keys on a USB keyboard can be used to perform the same operations that can be
performed using the front panel keys. The assignment of front panel key functions to
USB keyboard keys varies depending on the keyboard type. For details, see appendix 6.
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3.16 Switching the Display

Procedure

Switching to the Numeric Display
1. Press NUMERIC to display numeric values.

Switching to the Waveform Display
1. Press WAVE to display waveforms.

Switching to the Trend, Bar Graph, or Vector Display
1. Press OTHERS to display the Others menu.

Using the Cursor Keys
2. Use the cursor keys to set the display to Trend, Bar, or Vector.
3. Press SET. The selected display appears.

Using OTHER

2. Press OTHER to switch between display modes in this order: Trend > Bar >
Vector > Trend > and so on.
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3.16 Switching the Display

Explanation

On the WT500, you can choose from the following kinds of displays.

Display Mode

Without the harmonic
measurement option

With the Harmonic
Measurement Option

U
Power measurement

(numeric display)
(Numeric)

rms1

Irms1

P1

M

102.64
373.18 ma
24.966
0.6518

For operating instructions,
see chapter 5.

For an explanation of the
features, see section 2.4.

For operating instructions,
see chapter 6.

For an explanation of the
features, see section 2.4.

Waveform display
(Wave)

118013
313 150
117.69

For operating instructions, see chapter 7.
For an explanation of the features, see section 2.7.

Trend display -
(Trend) I T i e e it
A - For operating instructions, see chapter 8.
RRRINT MWL“ e g For an explanation of the features, see section 2.8.
ey
Bar graph display B
(Bar)
I . . For operating instructions,
| lll | 111118 Bar graph display is see chapter 6.
not possible. For an explanation of the
features, see section 2.8.
I [ i

Vector display
(Vector)

U3CD_ #4316 v
137 12872 8
L PID 5364w
S3(1)  55.55.un
Q31 14.43 var
A3 0.9557

v
A uieD  a2as v

U2y 43y
12D 1.2603 A
P2(1) -13.23 W
2010 54.18 va
0201 ~52.55 var
AZ(D -0.2441

Vector display is
not possible.

For operating instructions,
see chapter 6.

For an explanation of the
features, see section 2.8.

Note

When waveforms are displayed, the measurement mode indicated on the screen is Normal
Mode (Trg). For details, see section 7.1.
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3.17 Displaying a List of Setup Parameters

Procedure

Displaying the Setup Parameter List

1. Press SHIFT+SETUP (INPUT INFO). A list of input conditions (such as the wiring
units for each element, the measurement range, the scaling coefficient, the
synchronization source, and the input filter) appears.

Closing the Setup Parameter List

2. Press SHIFT+SETUP (INPUT INFO) or ESC (when no menus are displayed). The
list of setup parameters closes.

Explanation

Setup Parameter List
The figure below is an example of a setup parameter list when the crest factor is set to 3.

Power Element Settings

Element 1 Element 2 | Element 3
Wiring P2 P2 P2
Yoltage Range 100v 100v 100v
Current Range 10v Ext 1n 1n
Sensor Ratio 10. 0000 10. 0000 10.0000

(i)
Scaling of f of f of f
¥T Ratio 1.0000 1.0000 1.0000
CT Ratio 1.0000 1.0000 1.0000
Scaling Factor 1.0000 1.0000 1.0000
Sync Source 11 12 13
Line Filter off off off
Freq Filter off off off
Note

The list of input conditions shows the settings when measurement took place. If the
measurement range or some other setting is changed while the hold feature is on, the changes
will not be reflected in the list.

IM 760201-01E 3-33

Burinseayy Jie}S NoA alojag H



3.18 Selecting the Message Language

Procedure

1. Press MISC to display the Misc Menu.
2. Use the cursor keys to select System Config.

3. Press SET to display the System Config menu.

Selecting the Message Language
4. Use the cursor keys to select Message Language.
5. Press SET to select JPN or ENG.

Selecting the Menu Language
4. Use the cursor keys to select Menu Language.
5. Press SET to select JPN or ENG.

Misc Menu

4 System
Overview

4 Initialize
settings

4 Remote I
Control

System Config !

L [Enc___JPN |

4 Date/Time = U

Menu Language ENG JPH

4 System Config
Crest Factor

4 UsSB

4 Network

4 selftest

Explanation

Selecting the Message Language
Error messages appear when errors occur. You can choose to display these messages
using one of the following languages. The error codes that accompany error messages
are the same for both English and Japanese messages. For more information about error
messages, see section 13.2.

JPN:  Japanese

ENG: English

Selecting the Menu Language

You can choose to display menus using one of the following languages.
JPN:  Japanese
ENG: English
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3.19 Setting the USB Keyboard Language

Procedure

Press MISC to display the Misc Menu.
Use the cursor keys to select USB.
Press SET to display the USB menu.
Use the cursor keys to select Keyboard.
Press SET to select JPN or ENG.

O A DR

Misc Menu

4 System
Overview

4 Initialize
settings

4 Remote
Control USB

4 DatesTime > [ us8 Device List ] |
4 System Config Keyhoard

4 UsB

BTWOTK

4 selftest

Explanation

Set the language to use when entering file names, comments, and other items (see
section 3.15 for details) from the USB keyboard. The following keyboards conforming to
USB Human Interface Devices (HID) Class Ver1.1 can be used.

+ ENG:104 keyboard

» JPN: 109 keyboard

The characters that are entered by each key on the USB keyboard vary depending on
the keyboard type. For details, see appendix 6.

Nofte
For USB keyboards that have been tested for compatibility, contact your nearest YOKOGAWA
dealer.
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Chapter 4 Measurement Conditions

4.1 Panel Keys and Setup Menus Used in This
Chapter

Panel Keys Used in This Chapter

©no
(<

‘C»)
Cursor keys

®: Y @,

RANGE
ELEMENT | VOLTAGE | CURRENT
O

@ 4.4 Setting the Measurement Range

@ @ @ for Direct Input

AL O AUTO O AUTO

Select and confirm menu items

4.4 Setting the Measurement Range
for Direct Input
4.5 Setting the Measurement Ranges

J Il saupJ for an External Current Sensor (Optional)

SINGLE - . -
==—— 4.12 Holding and Performing Single
Measurements
Displays the MISC menu
(see below for the contents of the menu)
Displays the SETUP menu

(see below for the contents of the menu)

Setup Menus Used in This Chapter

To set a parameter, access its menu by pressing the appropriate panel key.
The setup menus and menu items used in this chapter are shown below, along with the
sections that correspond to their operating instructions.

S‘et‘"p et 4.2 Selecting a Wiring System
4 wiring 4.3 Selecting Independent Input Element Configuration
4 Ranges 4.4 Setting the Measurement Range for Direct Input
4 Scaling 4.5 Setting the Measurement Ranges

SETUP key 4 Sync Source

I 4 Filters

for an External Current Sensor (Optional)
4.6 Setting the Scaling Feature When Using a VT or CT
4.7 Setting the Measurement Period
¢ Update Rate 4.8 Selecting an Input Filter

4 Aeraging ---| |— 49 Selectin
. g the Data Update Rate

4 Integration 4.10 Selecting an Averaging Method

Details...

Misc Menu

4 System
Overview

4 Initialize
settings

4 Remote
Control

MISC key

l 4 Dates/Time

4 system Config 4.11 Selecting a Crest Factor

4 usB

4 Hetwork

4 selftest
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4.2 Selecting a Wiring System

Procedure

1. Press SETUP to display the Setup menu.
2. Use the cursor keys to select Wiring.
3. Press SET to display the Wiring Settings dialog box.

Setup Menu Wiring Settings
3
4 Wiring Element! Element2 Element3
wiring
!'R:H;%s —
Element Independent
4 Scaling Efficiency
4 Sync Source Y e —T Y {75 |
4 Filters .
[
4 Update Rate 2 = ——————— = 100[x]
e ]
4 Averaging
udeft = [PT] + [None] + [None] + [None]
4 Integration
9 udef2 = [P1] + [Hone] + [None] + [None]
Details...

Selecting a Wiring System
4. Use the cursor keys to select Wiring.

5. Press SET. The pattern selection dialog box appears.

Wiring Settings
Element1 Element2 Element]
Wiring L TP T L [ L 1P2wW 1]
+[Set ]
Element I
‘s [ ir2w T [ 12w 1 T P2w ]|
Efficienc
[ 1PIN:E 1 [ p2w 1
R PIM:E 1 [ 1p2w 1
Lp2w 1 [ 1P3W:E 1
22 = Lp2w 1 [ IP3WE 1
[ 3PAWIE 1
udeil = L 3P3N(3IV3R) :E 1
Udef2 = [ PT | + [None]| + [None]| + [None | I

6. Use the cursor keys to select a pattern.
7. Press SET to confirm the pattern.
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4.2 Selecting a Wiring System

Explanation

Wiring System

» There are five wiring systems available on the WT500. The selectable wiring systems
vary depending on the number of elements installed in the WT500.

(1) 1P2W, single-phase, two-wire; (2) 1P3W, single-phase, three-wire; (3) 3P3W,
three-phase, three-wire; (4) 3P4W, three-phase, four-wire; and (5) 3V3A, three-
voltage, three-current.

» The wiring system determines how input elements are assignment to wiring unit
and how X functions (such as voltage, current, active power, apparent power, reactive
power, power factor, and phase difference) are determined. For details about the
relationship between the wiring system and how X functions are determined, see
Appendix 1.

» The following table shows the relationship between the number of installed input
elements, the selectable wiring systems, and the assignment of input elements to
wiring unit .

Number of installed input elements 1

Wiring system Pattern 1 1P2W

Number of installed input elements 1 2

Wiring system Pattern 1 1P2W 1P2W

Wiring system Pattern 2 1P3W:X or 3P3W:X

Number of installed input elements 1 2 3

Wiring system Pattern 1 1P2W 1P2W 1P2W

Wiring system Pattern 2 1P3W:X or 3P3W:X 1P2wW

Wiring system Pattern 3 1P2wW 1P3W:X or 3P3W:X

Wiring system Pattern 4 3P4W:% or 3P3W (3V3A):X
Nofte

« Select the wiring system to match the actual wiring of the circuit under measurement. The
method in which the X functions are determined varies depending on the wiring system. If
the selected wiring system does not match the wiring of the actual circuit, measurements
and computation will not be correct.

« For details about the relationship between the wiring system and how ¥ functions are
determined, see Appendix 1.

Wiring System Display

The wiring system configuration is displayed on the right side of the screen. Because it is
displayed behind the menu, to view it, you need to press the ESC key to hide the menu.
The figure below shows wiring system display examples for a model with three input
elements installed.

When elements 1 to 3 are When element 1 and 2 are set to single-phase,

set to single-phase, three-wire system, and element 3 is set to single-phase,
two-wire system two-wire system
___Elementi__ % (1P3Wl— Wiring unit and system

Ul 100v ui 100w

11 14 11 14

—— The elements that make up the

__ Element?___ uz 100v wiring unit are contained in the frame.

uz 100v 12 1A

12 14

_ Element3___

_ Element3___ ui  100v

u3 100v 13 14

I3 14

IM 760201-01E
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4.2 Selecting a Wiring System

Settings of Elements Grouped in a Wiring Unit

If the independent configuration of input elements (described in section 4.3) is off

and a wiring system other than 1P2W is selected when the measurement range or

synchronization source settings of each input element are different, the following settings

are changed in the manner described below:

* The measurement range of all input elements included in the wiring unit is set to the
highest range among all input elements. The external current sensor input range has
precedence over the direct input current range.

+ The auto range settings are changed to match the setting of the input element whose
measurement range is highest. If multiple input elements are set to a common highest
measurement range, the settings of the input element with the smallest input element
number take precedence.

» The synchronization source setting is changed to match the setting of the input
element with the smallest input element number among the input elements included in
the wiring unit.

When you press ELEMENT to select the element to be configured, the LEDs of input

elements in the wiring unit light simultaneously.
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4.3 Selecting Independent Input Element
Configuration

Procedure

1. Press SETUP to display the Setup menu.
2. Use the cursor keys to select Wiring.

3. Press SET to display the Wiring Settings dialog box.

Setup Menu
4 Wiring
1 Ranges

4 Scaling

4 Sync Source

4 Filters

4 update Rate

4 Averaging

4 Integration

Details. ..

Selecting Whether or Not to Configure Input Elements Independently
4. Use the cursor keys to select Element Independent.
5. Press SET to select ON or OFF.

Wiring Settings

Element1 Element2 Element3
L h h z
Element Independent
Efficiency

M=~ x 100[z]
=]

=]
R 11113
x|

udef1 = [PT] + [None] + [None] + [Wone]
udet2 = [PT] + [Hone] + [None] + [None]
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4.3 Selecting Independent Input Element Configuration

Explanation

In the wiring system settings, you can select whether to set the measurement range
or synchronization source of input elements in the same wiring unit collectively or
independently.

Turning Independent Input Element Configuration On or Off

For example, assume that the wiring system on a model with three input elements is set

as follows:

Input elements 1 to 3: Three-phase, four-wire system (3P4W). Input elements 1 to 3 are

assigned to a single wiring unit X.

+ ON
The measurement range and synchronization source can be set independently for
each input element included in the wiring unit.

 OFF
The measurement range and synchronization source of input elements 1 to 3 are set
to the same setting. This is convenient in that the settings of the measurement range
and synchronization source of all input elements included in the wiring unit can be
made simultaneously when measuring a three-phase device.

Settings That Are Shared between Input Elements When Independent
Input Element Configuration Is Turned Off

» Measurement range (including auto range on or off)

» Synchronization source setting

Settings That Can Be Configured Independently Even When Independent
Input Element Configuration Is Turned Off

» Scaling values (VT ratio, CT ratio, and power factor)

 Input filters (line filter and frequency filter)

These settings can be configured independently for each input element regardless of
whether independent input element configuration is turned on or off.

When independent input element configuration is switched from on to off,
the measurement range and synchronization source settings of each input
element in wiring unit = are changed as follows:

» The measurement range of all input elements included in the wiring unit is set to the
highest range among all input elements. The external current sensor input range has
precedence over the direct input current range.

» The auto range settings are changed to match the setting of the input element whose
measurement range is highest. If multiple input elements are set to a common highest
measurement range, the settings of the input element with the smallest input element
number take precedence.

» The synchronization source setting is changed to match the setting of the input
element with the smallest input element number among the input elements included in
the wiring unit.

IM 760201-01E



4.4 Setting the Measurement Ranges for Direct
Input

Procedure

Selecting Which Element to Set

1. Press ELEMENT to select the element that you want to set. The indicator for the
selected element (located above the ELEMENT key) lights. To select all elements,
press SHIFT+ELEMENT (ALL).

Setting the Voltage Range

2. Pressthe VOLTAGE keys (A and v) to set the voltage range. The range specified
for each element is displayed at the upper right of the screen.
» Press the voltage range up key to increase the voltage range.
» Press the voltage range down key to decrease the voltage range.
» Press SHIFT+V¥ (AUTO) to set the range automatically. The AUTO LED lights.

Setting the Current Range

3. Press the CURRENT keys (A and v) to set the current range. The range specified
for each element is displayed at the upper right of the screen.
» Press the current range up key to increase the current range.
» Press the current range down key to decrease the current range.
* Press SHIFT+V¥ (AUTO) to set the range automatically. The AUTO LED lights.

4. Repeat steps 1 to 3 to enter the measurement ranges for all of the elements.

Note

When the current range is set for an external current sensor (optional), before you set the input
range, refer to section 4.5, “Setting the Measurement Ranges for an External Current Sensor
(Optional),” to switch to direct input.

IM 760201-01E 4-7
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4.4 Setting the Measurement Range for Direct Input

Explanation

Display Positions of the Element Being Set and the Specified Range
When a voltage or current range selection key (VOLTAGE or CURRENT A or ¥) is
pressed, the following appears at the right of the screen.

Voltage range
Element

Element1
Voltage—}u1  15v aut Displayed when the voltage auto range feature is on
Current—} 11 _500ma Current range

_ Flement?____
uz 1a0v
12 500md Auto

_ Flement3___
u3 1a0v
13 1a

Selecting Which Element to Set

Only the indicators of elements that are installed will light. When independent element
configuration is off, the selected elements will switch by wiring unit, according to the
wiring system.

Setting the Voltage and Current Ranges
There are two types of ranges, fixed and auto.
* Fixed Range
The range is set in reference to the rms value of the input signal.
» Voltage range
* When the crest factor is set to 3
You can select 15V, 30V, 60 V, 100 V, 150 V, 300 V, 600 V, or 1000 V.
* When the crest factor is set to 6
You can select 7.5V, 15V, 30V, 50V, 75V, 150 V, 300 V, or 500 V.
» Current range
* When the crest factor is set to 3
You can select 500 mA, 1A, 2A,5A, 10 A, 20 A, or 40 A.
* When the crest factor is set to 6
You can select 250 mA, 500 mA, 1A, 2.5A,5A, 10A, or 20 A.

Nofte

* The range is set in reference to the rms value of the input signal. For example, if you are
applying a 100-Vrms sinusoidal signal, set the range to 100 V.

»  When measuring a signal other than a sine wave (such as a distorted wave), accurate
measurements can be obtained by selecting the smallest measurement range that does not
produce any of the conditions below.

» The input peak over-range indicator at the top center of the screen lights or blinks in red.
» The measured values of the voltage and current are indicated as over range (“-OL-").

» The peak over-range indicator may not light or blink in the following cases.

+ If the pulse width is narrow, and the peak value of the waveform cannot be acquired at
the sampling rate of the WT500 (approximately 100 ks/S).

 If the high frequency components of the pulse waveform attenuate due to the bandwidth
limitations of the WT500 measurement circuit, causing the waveform peak value to be
less than the peak over-range detection level.

4-8
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4.4 Setting the Measurement Range for Direct Input

Auto Range

Press SHIFT+¥ (AUTO) to set the range automatically. The AUTO LED lights. The

measurement range is switched automatically depending on the amplitude of the input

signal as described below. The different ranges used in the auto range are the same
as those available for the fixed range.

* Range Increase
» The measurement range is increased when the data of measurement function

Urms or Irms exceeds 110% of the currently set measurement range.

» The measurement range is increased when the crest factor is set to 3 and the
peak value of the input signal exceeds 330% of the currently set measurement
range, or when the crest factor is set to 6 and the peak value of the input signal
exceeds 660% of the currently set measurement range.

 If all of the installed input elements are selected (all the element indicators are
lighted), the measurement range is increased on all input elements when any of
the elements meets the range-increase conditions described above.

»  When a wiring unit is configured, the measurement range is increased on all
input elements in the wiring unit when any of the elements in the unit meets the
range-increase conditions described above.

* Range Decrease

The measurement range is decreased when the data of the measurement function

Urms or Irms is less than or equal to 30% of the measurement range and Upk” and

Ipk” are less than or equal to 300% of the next lower range when the crest factor is

set to 3, or 600% of the next lower range when the crest factor is set to 6.

+ If all of the installed input elements are selected (all the element indicators are
lighted), the measurement range is decreased on all input elements when all of
the elements meets the range-decrease conditions described above.

*  When a wiring unit is configured, the measurement range is decreased on all
input elements in the wiring unit when all of the elements in the unit meet the
range-decrease conditions described above.

Even if the NULL feature is on, the values are determined as if though it were off.

*

Nofte
When non-periodic pulse waveforms are applied during auto range, the range may not remain
constant. If this happens, use the fixed range setting.

IM 760201-01E
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4.4 Setting the Measurement Range for Direct Input

Power Range
The measurement ranges (power ranges) of active power (P), apparent power (S), and
reactive power (Q) are as follows:
Wiring System Power Range
1P2W (single-phase, two-wire system) Voltage range x current range
1P3W (single-phase, three-wire system)  Voltage range x current range x 2
3P3W (three-phase, three-wire system) (when the voltage and current ranges on the
elements in the wiring unit are set to the same range)
3P3W (3V3A; three-voltage, three-current method)
3P4W (three-phase, four-wire system) Voltage range x current range x 3
(when the voltage and current ranges on the
elements in the wiring unit are set to the same range)

*  When the result of the equation voltage range x current range exceeds 1000 W (VA or
var), the displayed unit changes to kW (kVA or kvar).
» The display resolution is 60000.

Nofte

In auto range mode, because the voltage and current ranges switch independently according to
range increase and decrease conditions, different power ranges may be set for the same power

value.
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4.4 Setting the Measurement Range for Direct Input

The table below shows actual voltage and current range combinations and the power
ranges that result from them. The values are based on the table on the previous page
(when the voltage and current ranges of each element are the same). The table shows
the active power range (unit: W). The same ranges are set for apparent power (unit: VA)
and reactive power (unit: var). Just replace the unit with VA or var.

* When the crest factor is set to 3 (see section 4.11 for details)
Active Power Range of Each Element

Current Range Voltage Range (V)
(A) 15.000 30.000 60.000 100.00 150.00 300.00 600.00 1000.0
500.00m 7.500 W 15.000 W 30.000 W 50.000 W 75.00 W 150.00 W 300.00 W 500.00 W
1.0000 15.000 W 30.000 W 60.000 W 100.00 W 150.00 W 300.00 W 600.00 W 1.0000 kW
2.0000 30.000 W 60.000 W 120.00 W 200.00 W 300.00 W 600.00 W 1.2000 kW 2.0000 kW %
5.0000 75.00 W 150.00 W 300.00 W 500.00 W 0.7500 kW 1.5000 kW 3.0000 kW 5.0000 kW 3
10.000 150.00 W 300.00 W 600.00 W 1.0000 kW 1.5000 kW 3.0000 kW 6.0000 kW 10.000 kW %
20.000 300.00 W 600.00 W 1.2000 kW 2.0000 kW 3.0000 kW 6.0000 kW 12.000 kW 20.000 kW ?D
40.000 600.00 W 1.2000 kW 2.4000 kW 4.0000 kW 6.0000 kW 12.000 kW 24.000 kW 40.000 kW 4
S
Active Power Range of a Wiring Unit with a 1P3W or 3P3W system, or a 3P3W system with a 3P3W (3V3A) Method a
Current Range Voltage Range (V) g‘
(A) 15.000 30.000 60.000 100.00 150.00 300.00 600.00 1000.0 3
500.00m 15.000 W 30.000 W 60.000 W 100.000 W 150.00 W 300.00 W 600.00 W 1000.00 W
1.0000 30.000 W 60.000 W 120.000 W 200.00 W 300.00 W 600.00 W 1200.00 W 2.0000 kW
2.0000 60.000 W 120.000 W 240.00 W 400.00 W 600.00 W 1200.00 W 2.4000 kW 4.0000 kW
5.0000 150.00 W 300.00 W 600.00 W 1000.00 W| 1.5000 kW 3.0000 kW 6.0000 kW | 10.0000 kW
10.000 300.00 W 600.00 W 1200.00 W 2.0000 kW | 3.0000 kW 6.0000 kW | 12.0000 kW 20.000 kW
20.000 600.00 W 1200.00 W 2.4000 kW 4.0000 kW | 6.0000 kW | 12.0000 kW 24.000 kW 40.000 kW
40.000 1200.00 W 2.4000 kW 4.8000 kW 8.0000 kW | 12.0000 kW 24.000 kW 48.000 kW 80.000 kW

Active Power Range of a Wiring Unit with a 3P4W Wiring System

Current Range Voltage Range (V)
(A) 15.000 30.000 60.000 100.00 150.00 300.00 600.00 1000.0
500.00m 22.500 W 45.000 W 90.000 W| 150.000 W 225.00 W 450.00 W 900.00 W 1500.00 W
1.0000 45.000 W 90.000 W 180.000 W 300.00 W 450.00 W 900.00 W | 1800.00 W 3.0000 kW
2.0000 90.000 W 180.000 W 360.00 W 600.00 W 900.00 W 1800.00 W | 3.6000 kW 6.0000 kW
5.0000 225.00 W 450.00 W 900.00 W| 1500.00 W | 2.2500 kW | 4.5000 kW | 9.0000 kW | 15.0000 kW
10.000 450.00 W 900.00 W 1800.00 W | 3.0000 kW | 4.5000 kW | 9.0000 kW | 18.0000 kW 30.000 kW
20.000 900.00 W 1800.00 W| 3.6000 kW | 6.0000 kW | 9.0000 kW | 18.0000 kW | 36.000 kW 60.000 kW
40.000 1800.00 W 3.6000 kW | 7.2000 kW | 12.0000 kW | 18.0000 kW 36.000 kW | 72.000 kW | 120.000 kW
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4.4 Setting the Measurement Range for Direct Input

* When the crest factor is set to 6
Active Power Range of Each Element

Current Range Voltage Range (V)

(A) 7.5000 15.000 30.000 50.000 75.00 150.00 300.00 500.00
250.00m 1.8750 W 3.7500 W 7.500 W 12.500 W 18.7500 W 37.5000 W 75.000 W 125.000 W
500.00m 3.7500 W 7.500 W 15.000 W 25.000 W 37.5000 W 75.000 W 150.000 W 250.000 W

1.0000 7.500 W 15.000 W 30.000 W 50.000 W 75.000 W 150.000 W 300.000 W 500.000 W
2.5000 18.750 W 37.500 W 75.00 W 125.00 W 187.500 W 375.000 W | 0.75000 kW | 1.25000 kW
5.0000 37.500 W 75.00 W 150.00 W 250.00 W 375.000 W | 0.75000 kW | 1.50000 kW | 2.50000 kW
10.000 75.00 W 150.00 W 300.00 W 500.00 W | 0.75000 kW | 1.50000 kW | 3.00000 kW | 5.00000 kW
20.000 150.00 W 300.00 W 600.00 W 1.0000 kW 1.5000 kW | 3.0000 kW 6.0000 kW 10.000 kW
Active Power Range of a Wiring Unit with a 1P3W or 3P3W system, or a 3P3W system with a 3V3A Method
Current Range Voltage Range (V)

(A) 7.500 15.000 30.000 50.000 75.00 150.00 300.00 500.00
250.00m 3.7500 W 7.5000 W 15.000 W 25.000 W 37.500 W 75.000 W 150.00 W 250.00 W
500.00m 7.5000 W 15.000 W 30.000 W 50.000 W 75.000 W 150.00 W 300.00 W 500.00 W

1.0000 15.000 W 30.000 W 60.000 W 100.000 W 150.00 W 300.00 W 600.00 W 1000.00 W
2.5000 37.500 W 75.000 W 150.00 W 250.00 W 375.00 W 750.00 W 1.5000 kW 2.5000 kW
5.0000 75.000 W 150.00 W 300.00 W 500.00 W 750.00 W 1.5000 kW 3.0000 kW 5.0000 kW
10.000 150.00 W 300.00 W 600.00 W 1000.00 W 1.5000 kW 3.0000 kW 6.0000 kw | 10.0000 kW
20.000 300.00 W 600.00 W 1200.00 W 2.0000 kW | 3.0000 kW 6.0000 kW | 12.0000 kW 20.000 kW
Active Power Range of a Wiring Unit with a 3P4W Wiring System
Current Range Voltage Range (V)

(A) 7.500 15.000 30.000 50.000 75.00 150.00 300.00 500.00
250.00m 5.6250 W 11.2500 W 22.500 W 37.500 W 56.250 W 112.500 W 225.00 W 375.00 W
500.00m 11.2500 W 22.500 W 45.000 W 75.000 W 112.500 W 225.00 W 450.00 W 750.00 W

1.0000 22.500 W 45.000 W 90.000 W 150.000 W 225.00 W 450.00 W 900.00 W 1500.00 W
2.5000 56.250 W 112.500 W 225.00 W 375.00 W 562.50 W 1125.00 W 2.2500 kW 3.7500 kW
5.0000 112.500 W 225.00 W 450.00 W 750.00 W 1125.00 W 2.2500 kW 4.5000 kW 7.5000 kW
10.000 225.00 W 450.00 W 900.00 W 1500.00 W 2.2500 kW 4.5000 kW 9.0000 kW | 15.0000 kW
20.000 450.00 W 900.00 W 1800.00 W 3.0000 kW 4.5000 kW 9.0000 kW | 18.0000 kW 30.000 kW
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4.5

Setting the Measurement Ranges for an
External Current Sensor (Optional)

Procedure

Selecting the External Current Sensor Input Connector

1.

2.
3.
4

Press SETUP to display the Setup menu.

Use the cursor keys to select Ranges.

Press SET to display the Range Settings dialog box.

If the Ext Sensor box is already lit, proceed to step 7.

Setting the External Current Sensor Range

6. Use the cursor keys to select Current.

7. Press SET. The external current sensor range entry box appears.
8. Use the cursor keys to select the external current sensor range.
9. Press SET to confirm the external current sensor range.

Nofte

Use the cursor keys to select the Ext Sensor boxes of the elements that will use
external current sensor connectors.

Press SET. The Ext Sensor box lights.

The external current sensor range can also be set using the CURRENT (A and V) keys. For
information about how to use the CURRENT (A and ¥ keys), see section 4.4.

10. Repeat steps 1 to 10 to enter the external current sensor ranges for all of the

elements.
Setup Menu Range Settings Range Settings
4 Wiring Element1 Element2 Element3 Element1 Element2 Element3
[ wp2w 1 [ 1p2u 1 [ 2w 1 [ 1p2u 1 [ 2w 1 [ wp2w 1
4 Ranges
4 Scaling Voltage Auto 50V 50V voltage Auto 507 150V
4 Sync Source Current v Auto A Current v 1]
» - - = B [set]
4 Filters (®ExtSensor [CJExtSensor [CIExtSensor olExtSensor  [Q)ExtSensor
Sensor Sensor Auto
4 Update Rate Ratio 10.0000] | I | Ratio
- [mv a1 [mf nl 10V
4 Averaging
av
4 Integration v
Details... 1
500mv
200mv
100m
S50my
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4.5 Setting the Measurement Ranges for an External Current Sensor (Optional)

Setting the External Current Sensor Conversion Ratio

11. Use the cursor keys to select Sensor Ratio[mV/A].

» Setting the External Current Sensor Conversion Ratio

You can only set the conversion ration for elements whose Ext Sensor boxes are lighted.

12. Press SET to display the external current sensor conversion ratio entry box.

13. Use the cursor keys to set the conversion ratio.

Range Settings

Range Settings

Voltaye
current
Sensor

Ratio
[mv a1

Element1 Element2 Element]
[ 1p2w 1 [ 1p2u 1 [ 12w 1
Auto [A50v_] [150v ]
v ] Auto 1]
[CJExtSensor [TIExtSensor

Element1 Element2 Element3
[ 12w 1 [ 1p2w 1 [ 1p2u 1
voltage Auto 150V T50v
Current [500mA ] —
[®ExtSensor (DJExtSensor [O)ExtSensor
Sensor
Ratio [ ]
Lintf a1 10.000
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4.5 Setting the Measurement Ranges for an External Current Sensor (Optional)

Explanation

The output of current sensors that produce voltage, such as shunts and clamps, can be
applied to an element’s current sensor input connector and measured. When using a
current sensor that produces current, set the conversion ratio as the CT ratio (see section
4.6 for instructions).

Display Positions of the Element Being Set and the Specified Range
The display positions are the same as those described in section 4.4, “Setting the
Measurement Range during Direct Input.”

Selecting the External Current Sensor Input Connector

To measure the current of an element using the input signal from the external current
sensor input connector, you must select the Ext Sensor box of that element and then
specify the external current sensor range.

Selecting the External Current Sensor Range
There are two types of ranges, fixed and auto.

* Fixed Range
* When the crest factor is set to 3
You can select 50 mV, 100 mV, 200 mV, 500 mV, 1V, 2V, 5V, or 10 V.
* When the crest factor is set to 6
You can select 25 mV, 50 mV, 100 mV, 250 mV, 500 mV, 1V, 2.5V, or 5 V.

¢ Auto Range
When you press SHIFT+¥ (AUTO) or select Auto in the external current sensor
range entry box, the AUTO indicator lights and the auto range feature is enabled.
The range is switched automatically depending on the amplitude of the input signal.
For auto range switching conditions and precautions, see section 4.4, “Setting the
Measurement Range during Direct Input.” The different ranges used in the auto range
are the same as those listed above for the fixed range.

Setting the External Current Sensor Conversion Ratio
The conversion ratio can be set to a value from 0.0001 to 99999.9999.

External Current Sensor Range and Conversion Ratio Configuration
Example

When measuring a current with a maximum value of 100 A using a current sensor that
produces 10 mV when 1 A of current is flowing, the maximum voltage that the current
sensor produces is 10 mV/A x 100 A = 1 V. Therefore, set the external current sensor
range to 1 V and the external current sensor conversion ratio to 10 mV/A.

Note

»  When attempting to directly read the current of the circuit under measurement by multiplying
the output of the external current sensor by the conversion ratio, turn off the external VT/CT
scaling feature (see section 4.6 for instructions). If it is turned on, the value will be further
multiplied by the CT ratio.

*  When measuring a signal other than a sine wave (such as a distorted wave), accurate

measurements can be obtained by selecting the smallest measurement range that does not
produce any of the conditions below.

» The input peak over-range indicator at the top center of the screen lights or blinks in red.
» The measured values of the voltage and current are indicated as over range (“-OL-").

IM 760201-01E
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4.6 Setting the Scaling Feature When Using a VT
orCT

Procedure

1. Press SETUP to display the Setup menu.
2. Use the cursor keys to select Scaling.

3. Press SET to display the Scaling Settings menu.

Turning the Scaling Feature On or Off
4. Use the cursor keys to select Scaling.

5. Press SET to select ON or OFF. If you select ON, the Scaling indicator lights at
the top of the screen (see section 1.3 for details).

Setting the VT Ratio

6. Use the cursor keys to select the VT of the element that you want to set the VT
ratio of.

7. Press SET to display the VT ratio entry box.
8. Use the cursor keys to set the VT ratio.
9. Press SET or ESC to close the VT ratio entry box.

10. Repeat steps 6 to 10 to enter the VT ratios for all of the elements.

Setup Menu Scaling Settings Scaling Settings
{uiring Scaling Scaling
y————— - 9
4 Ranges Element1 = -
4 Scaling ' vi [ 1.0000] vi i 1.uuuﬁ]
A—— er  [_1T.0000] a e
ync source | SF [ T1.0000] l SF [ 1.0000
4 Filters Element2 Element2
4 Update Rate yr [ 10000 vT [ T.0000]
cr [ 1.0000] cr [ 1.0000]
4 Averaging st [__T.0000] S — L
4 Integration Element3 Element3
Details... VT [ 1.0000 VT 0001
cr [ 1.0000] cr [ T.0000]
sF [ 1.0000] sF [ 1.0000]
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4.6 Setting the Scaling Feature When Using a VT or CT

Setting the CT Ratio

6.

7.
8.
9.

Use the cursor keys to select the CT of the element that you want to set the CT
ratio of.

Press SET to display the CT ratio entry box.
Use the cursor keys to set the CT ratio.
Press SET or ESC to close the CT ratio entry box.

10. Repeat steps 6 to 9 to enter the CT ratios for all of the elements.

Scaling Settings

scaling

T
cT
SF

Element2
vt [ T.0000]
cr  [__1.0000]
sf [ 1.0000]

Element3
wr [ 1.0000]
cT  [_T.0000]
s [ 1.0000]

Setting the Power Factor (SF)

6.

7.
8.
9.

Use the cursor keys to select the power factor of the element that you want to
set the SF (Scaling Factor) of.

Press SET to display the power factor entry box.
Use the cursor keys to set the power factor.

Press SET or ESC to close the power factor entry box.

10. Repeat steps 6 to 9 to enter the power factors for all of the elements.

Scaling Settings

Scaling

Element1

vT
cT
SF

vT
cT
SF

Element3
vt 10000
cr  [_1.0000]
sF [_T1.0000]

IM 760201-01E

SUOIJIPUOY JUSWAINSEI|\



4.6 Setting the Scaling Feature When Using a VT or CT

Explanation

Set the VT ratio when applying the secondary output of a VT to the voltage input
terminal. Then, set the voltage range according to the maximum VT output (see section 4.4
for instructions). In addition, set the CT ratio (or the conversion ratio of the current sensor
that produces current) when applying the secondary output of a CT or clamp-type current
sensor that produces current to the current input terminal. Then, set the current range
according to the maximum current sensor output. For details, see section 2.3.

Turning the Scaling Feature On or Off
You can select whether to multiply the applicable measurement functions by the VT ratio,
CT ratio, or power factor. When reading measured values directly by using a VT or CT (or
current sensor), select ON. The Scaling indicator lights when ON is selected.
Applicable measurement functions: Voltage (U), current (1), power (P, S, and Q),
maximum and minimum voltages (U+pk and
U-pk), and maximum and minimum currents
(I+pk and I-pk)
« ON: The measurement functions above are multiplied by the VT ratio, CT ratio, or
power factor.
« OFF: The measurement functions above are not multiplied by the VT ratio, CT ratio,
or power factor. The output values of the VT and CT are displayed directly as
numeric data.

Setting the VT Ratio
The ratio can be set to a value from 0.0001 to 99999.9999.

Setting the CT Ratio
The ratio can be set to a value from 0.0001 to 99999.9999.

Setting the Power Factor (SF, Scaling Factor)
The factor can be set to a value from 0.0001 to 99999.9999.

Note

» If the value of the result of multiplying the measured value by the VT ratio, CT ratio, or power
factor (scaling factor) exceeds 9999.9M, “-OF-" will appear in the numeric data display
frame.

» For information about how to display a list of the VT and CT ratios and power factors of all
input elements, see section 3.17, “Displaying a List of Setup Parameters.” When the scaling
feature is off, the list displays 1.0000 for all VT and CT ratios and power factors.

» To correctly compute the power and efficiency of X functions, set the power factors of all

elements so that all power units used in the computation are the same. For example, the
efficiency cannot be computed correctly if elements or wiring units used in the computation
have different power units, such as W (watt) and J (joule). To compute the efficiency
correctly, make all of the power units the same (either all W or all J).
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4.7 Setting the Measurement Period

Procedure

1. Press SETUP to display the Setup menu.

2. Use the cursor keys to select Sync Source.

3. Press SET to display the Sync Source Settings menu.

Setting the Synchronization Source

4.

Use the cursor keys to select the sync source of the element that you want to

set.

Press SET to display the sync source entry box.

Use the cursor keys to select a sync source.

Press SET to confirm the sync source.

4 Sync Source

4 Update Rate

4 Averaging

4 Integration

Details...

[1P3W:E]

Elementd [_IT ]
[ 1p2u 1

Setup Menu [ Sync Source Settings Sync Source Settings
4 Wiring Element! [ IT ] Element1
[1P3wW: =] [ p2u 1
4 Ranges
4 scaling Elementz [ IT ] Element2

[ 1p2u 1

Element3
[ 1p2u 1
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4.7 Setting the Measurement Period

Explanation

The measurement period is determined by the data update rate (see section 4.9 for
details) and by the synchronization source, which is specified by following the procedure
described in this section. For details, see appendix 6.

During normal measurement, numeric data is measured or computed from the data
sampled within the measurement period.

Setting the Synchronization Source

Only installed elements appear. For each element, you can select which input signal will
be the synchronization source (the measurement period will be synchronized to the zero-
crossing point of the input signal). You can select the synchronization source signal from
the choices listed below. The selectable items vary depending on the installed elements.
When independent element configuration is off, the synchronization source for all
elements in a wiring unit is determined by the synchronization source of the first element
in the wiring unit.

U1, 1, U2, 12, U3, I3, Ext Clk (external clock), and None

Nofte
If you specify no synchronization source by selecting “None,” all of the sampled data within the
data update interval is used to determine the numeric data. When measuring DC signals, this

method can be used to prevent errors in the detection of the measurement period caused by
noise.

When Setting the Synchronization Source to Ext Clk
Apply a clock signal that meets the following specifications to the external clock input
connector (EXT CLK) on the rear panel.

EXT. CLK
Ext Clk Specifications
Item Specification
Connector type BNC connector
Input level TTL
Input waveform 50% duty ratio rectangular wave
CAUTION

Applying a voltage outside of the range of 0 to 5 V to the external clock input
connector (EXT CLK) can damage the WT500.

Nofte
» The synchronized measurement slave setting and the synchronization source Ext Clk
setting cannot be made at the same time because they both use the same connector (see
section 12.6 for information about synchronized measurement).
» To connect a BNC cable to the external clock input/external start signal output connector
(EXT CLK) when a GP-IB cable is connected to the GP-IB connector, first remove the GP-IB
cable. Then connect the BNC cable. Finally, reconnect the GP-IB cable.
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4.7 Setting the Measurement Period

A

Measurement Period

The measurement period is set within the data update interval between the first point
where the synchronization source crosses the level-zero point (center of the amplitude)
on a rising slope (or falling slope) and the last point where the synchronization source
crosses the level-zero point (center of the amplitude) on a rising slope (or falling slope). If
there is not more than one rising or falling slope within the data update interval, the entire
data update interval is set as the measurement period. For details, see appendix 5.

Data update interval _ Data update interval

Sync source |

Measurement period Measurement period

@Rising zero crossing
OFalling zero crossing

Nofte

* The measurement period for determining the numeric data of the peak voltage or peak

current is the entire span of the data update interval, regardless of the above settings.
Therefore, the measurement period for the measurement functions that are determined
using the maximum voltage or current value (U+pk, U-pk, I+pk, I-pk, CfU, Cfl, FfU, and Ffl)
is also the entire span of the data update interval.

» If the synchronization source is not set correctly, the measured value may fluctuate or be
incorrect. Refer to appendix 5 when setting the synchronization source.

IM 760201-01E
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4.8 Selecting an Input Filter

Procedure

1. Press SETUP to display the Setup menu.
Use the cursor keys to select Filters.

3. Press SET to display the Filter Settings menu.
Only installed elements appear.

Selecting a Line Filter

4. Inthe Line Filter menu, use the cursor keys to select the line filter of the element
that you want to set.

5. Press SET to display the line filter entry box.
6. Use the cursor keys to select a line filter.

7. Press SET to confirm the line filter. If any of the measured elements are set to a
setting other than OFF, the LineFilt indicator lights (see section 1.3 for details).

Setup Menu Filter Settings Filter Settings
4 Wiring ine Filter
4 Ranges Elementi Element1
Element2 Element2
{ Scaling Element3 Element3
4 Sync Source Freq Filter
4 Filters . Element1 . Elementi
Cindats Rate Element? ElementZ?
Element3 Element3
4 Averaging

4 Integration

Details...

Selecting a Frequency Filter

4. Inthe Freq Filter menu, use the cursor keys to select the frequency filter of the
element that you want to set.
Only installed elements appear.

5. Press SET to select ON or OFF. If any of the measured elements are set to a
setting other than OFF, the FreqFilt indicator lights (see section 1.3 for details).

Filter Settings

Line Filter
Element1

Element?

Element3
req Filte

Element1
Element2
Element3
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4.8 Selecting an Input Filter

Explanation

There are two types of input filters, line filters and frequency filters.

Selecting a Line Filter
Because the line filter is inserted into the voltage and current measurement input circuits,
it directly affects voltage, current, and power measurements (see the block diagram
in section 2.1). When the line filter is turned on, measured values do not contain high
frequency components. Thus, the voltage, current, and power of inverter waveforms,
strain waveforms, etc., can be measured with their high frequency components
eliminated.
* You can select from one of the following cutoff frequencies.
OFF, 500 Hz, and 5.5 kHz
+ If any of the measured elements is set to a setting other than OFF, the LineFilt
indicator lights.
» Selecting OFF disables the line filter.
» If you select 500 Hz as the cutoff frequency, the line filter is turned on automatically.

Selecting the Frequency Filter

Because the frequency filter is inserted into the frequency measurement input circuit, it

affects frequency measurements. It also affects the detection of the measurement period

for voltage, current, and power measurements (see appendix 5 for details). In this case,

the filter also acts as a filter for detecting the zero-crossing of the synchronization source

signal (see section 2.2 for details) more accurately. The frequency filter is not inserted

into the voltage and current measurement input circuits. Therefore, the measured values

include high frequency components even when the frequency filter is turned on.

+ The WT500 detects the zero-crossing point with a hysteresis of approximately 5% of
the measurement range.

« If the line filter described above is on, it affects the frequency measurement even
when the frequency filter is off.

* We recommend that you turn the frequency filter on when the input signal frequency is
less than or equal to 440 Hz.

+ If the frequency filters of any of the measured elements are set to ON, the FreqFilt
indicator lights.

IM 760201-01E
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4.9 Selecting the Data Update Rate

Procedure

S A Db

Press SETUP to display the Setup menu.

Use the cursor keys to select Update Rate.

Press SET to display the Update Rate Settings menu.
Press SET to display the data update rate entry box.

Use the cursor keys to select a data update rate.

Press SET to confirm the data update rate. The set data update rate appears at
the lower left of the screen.

Setup Menu

4 Wiring

4 Ranges

4 Scaling

Update Rate Settings

Upidate Rate

4 Sync Source

Update Rate Settings

4 Filters

Update Rate [500ms |

4 Update Rate

4 Averaging

4 Integration

Details. ..

+| Set
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4.9 Selecting the Data Update Rate

Explanation

When the screen is not displaying waveforms, numeric data is transmitted and stored at
the selected interval.

Display Position of the Data Update Rate

Normal Mode Uover:m m m  Scaling: LineFilt: NULL: YOKOGAWA *
overim m m average: FreqFilt:

1
B : change items

Urms1 0076 v
msT - 0.0000
o 0.000 v

M

'!Llpdate 298(500msec) !

Data Update Rate Limits
You can select the rate from one of the choices below. The numeric data is updated at
the selected interval. To capture relatively fast load fluctuations in the power system,
select a fast data update rate. To capture relatively low frequency signals, select a low
data update rate.

100 ms, 200 ms, 500 ms, 1s,25s,5s

PAGE __Element1
ut 15v Aut:
n 10v Ext

Element2
Uz 150v

) | 12 500mA Autol

Element3,

u3 150v
13 14

Inteq Reset.

Error

Nofte
« The display update rates of numeric data and waveform data may be lower than the data
update rate.
» The low frequency limit of the AC signal that can be measured varies depending on the data
update rate. The measured value may not be stable if an AC signal of a frequency lower
than the low frequency measurement limit (see section 14.5 for details) is measured.

IM 760201-01E
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4.10 Selecting an Averaging Method

Procedure

1. Press SETUP to display the Setup menu.
2. Use the cursor keys to select Averaging.

3. Press SET to display the Averaging Settings menu.

Selecting Whether or Not to Average Values
4. Use the cursor keys to select Averaging.
5. Press SET to select ON or OFF.

Selecting an Averaging Method
6. Use the cursor keys to select Type.

7. Press SET to select Exp or Lin.

Setting the Attenuation Constant or the Average Count
8. Use the cursor keys to select Count.

9. Press SET to display the attenuation constant or average count entry box.
If the averaging type is Exp (exponential averaging), set the attenuation constant. If the
averaging type is Lin (moving averaging), set the average count.

10. Press SET to confirm the attenuation constant or average count.

Setup Menu
4 Wiring Averaging Settings Averaging Settings
4 Ranges Averaging Averaging
4 sealing = | e = || rype
4 Sync Source Count (- Count Eg*lﬁl
4 Filters
4 Update Rate 4
4 Averaging vﬂ
T Tntegracion |
Details...
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4.10 Selecting an Averaging Method

Explanation

For an explanation of the averaging feature, see section 2.3.

The averaging function is effective when reading of the numeric display is difficult due to
fluctuations. This occurs when the fluctuation of the power supply or the load is large or
when the input signal frequency is low.

Measurement Functions Used in Normal Measurement

Turning Averaging On or Off

You can choose whether or not to perform the selected averaging operation.
+ ON: The selected averaging operation is performed.

 OFF: The selected averaging operation is not performed.

Selecting the Averaging Type

You can select one of the choices below. For details about the equations used for each
choice, see section 2.3.

* Exp: Exponential averaging is performed.

* Lin: Linear averaging is performed.

Setting the Attenuation Constant or Average Count

If the averaging type is Exp (exponential averaging), set the attenuation constant. If the
averaging type is Lin (moving averaging), set the average count.

« Exp:  The attenuation constant can be selected from 2, 4, 8, 16, 32, and 64.

* Lin: The average count can be selected from 8, 16, 32, and 64.

Measurement Functions That Are Averaged

The measurement functions that are directly averaged are indicated below. Other

functions that use these functions in their computation are also affected by averaging.

For details about how each measurement function is determined, see appendix 1.

* Urms, Umn, Udc, Urmn, Uac, Irms, Imn, Idc, Irmn, lac, P, S, and Q

* AF1 to AF4 (on models with the delta computation option)

« CfU, Cfl, WS, WQ, n1, and n2 are computed using Urms, Irms, P, S, and Q, which are
all averaged.

IM 760201-01E
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4.10 Selecting an Averaging Method

Measurement Functions Used in Harmonic Measurement (Optional)
Turning Averaging On or Off
+ If averaging is turned on, and the averaging type is Exp (exponential averaging),
averaging is performed on harmonic measurement functions.
« Even if averaging is turned on, if the averaging type is Lin (moving average),
averaging is not performed on harmonic measurement functions.

Setting the Attenuation Constant

If averaging is turned on, and the averaging type is Exp (exponential averaging),
exponential averaging is performed using the selected attenuation constant (2, 4, 8, 16,
32, or 64).

Measurement Functions That Are Averaged
The measurement functions that are directly averaged are indicated below. Other
functions that use these functions in their computation are also affected by averaging.
For details about how each measurement function is determined, see appendix 1.
« U(k), I(k), P(k), S(k), and Q(k)
* Mk), and ¢(k) are computed using P(k) and Q(k), which are both averaged.
« Uhdf, Ihdf, Phdf, Uthd, Ithd, and Pthd are computed using U(k), I(k), and P(k), which
are all averaged.
* k: The harmonic order

Nofte
*  When averaging is turned on, the average value of multiple measurements is determined
and displayed. If the input signal changes drastically, it will take longer for the change to be
reflected in the measured values when averaging is used.
» Alarger attenuation constant (for exponential averaging) or average count (for moving
averages) will result in more stable (and less responsive) measured values.
» The following measurement functions are not affected by averaging.
» Measurement Functions Used in Normal Measurement
fU, fl, U+pk, U-pk, I+pk, I-pk, Time, WP, WP+, WP-, WPY, WP+X, WP-X, q, g+, g-, %,
g+, g-2
* Measurement Functions Used in Harmonic Measurement (Optional)
OU(K), dl(k), pUI-Uj, pUi-Uk, pUi-li, pUi-lj, pUi-Ik
* k: The harmonic order
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4.11 Selecting a Crest Factor

Procedure

Explanation

1.
2.
3.

Press MISC to display the Misc Menu.
Use the cursor keys to select System Config.

Press SET to display the System Config menu.

Selecting a Crest Factor

4.
5.

Use the cursor keys to select Crest Factor.
Press SET to select CF3 or CF6.

Misc Menu

4 System
Overview

4 Initialize
Settings

4 Remote
Control

System Config

L ENG JPN
4 Dates/Time 2 0

» Menu L

Crest Factor CF3 CFb

ENG JPN

quag

4 System Config

4 usB

4 Network

4 Selftest

For details, see section 2.3.

Selecting a Crest Factor
The crest factor is the ratio of the amplitude to the rms value. You can set the crest factor

to CF3

No

or CF6.

le

When you select a crest factor, the voltage range and current range are set to the maximum
range on all elements.

If the crest factor is set to 6, the measurement conditions of crest factor 5 and higher
required by IEC62018 are met.

When measuring waveforms whose crest factor is less than or equal to 3, you can achieve
more accurate measurements by setting the crest factor to 3.

IM 760201-01E
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4.12 Holding the Display and Performing Single
Measurements

Procedure

Explanation

Holding the Numeric Data Display
1. Press HOLD. The HOLD key lights, and the numeric data display is held.

Performing a Single Measurement

2. Press SHIFT+HOLD (SINGLE). Measurement is performed once, and then the
display is re-held.

Un-Holding the Display
3. Press HOLD when the display is held. The HOLD key stops lighting, and the
numeric data display is updated.

Hold

The hold operation stops data measurement and display operations and holds the
display of all measurement function data. Communication output data is the same as the
held numeric data.

Single Measurement

While the display is held, this operation measures the signal once at the set data update
rate, and then re-holds the display. If you press SHIFT+HOLD (SINGLE) when the
display is not held, measurement restarts from that point.

Nofte

For information about how the hold feature works during integration, see section 5.9.
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Chapter 5 Power Measurement

5.1 Panel Keys and Setup Menus Used in This
Chapter

Panel Keys Used in This Chapter

®
®
®

RESET CAL

Select and confirm menu items
5.2 Displaying Numeric Data and Changing
Displayed Items

0

o

)
[ ]
<>
9
@

_/

5.2 Displaying Numeric Data and Changing
Displayed Items
Displays the ITEM menu
(see below for the contents of the menu)
[ UMERIC 5.7 Manual Integration, 5.8 Setting Normal or
Continuous Integration, 59 Setting Real-Time
FORM TEW Integration or Real-Time Continuous Integration
) P } 5.7 Manual Integration, 5.8 Setting Normal or
ﬂﬂ . Continuous Integration, 5.9 Setting Real-Time
Integration or Real-Time Continuous Integration,
5.10 Tuming Integration Auto Calibration On or Off,

5.11 Selecting a Watt Hour Integration Method

Displays the SETUP menu for Each Polarity, 5.12 Selecting a Current
(see below for the contents of the menu) Integration Mode

Setup Menus Used in This Chapter

To set a parameter, access its menu by pressing the appropriate panel key.
The setup menus and menu items used in this chapter are shown below, along with the
sections that correspond to their operating instructions.

ITEM key

(] =

SETUP key

=) =

Numeric (43

Item Ho.

AT

Function

Element/Z

Order

Reset Items

Exec

Setup Menu

4 Wiring

4 Ranges

4 Scaling

4 Sync Source

4 Filters

4 Update Rate

4 Averaging

4 Integration

Details...

Hide Details

4 Measure

4 User Functian

4 Freq Items

5.2 Displaying Numeric Data and Changing Displayed Items

5.2 Displaying Numeric Data and Changing Displayed Items

5.3 Setting the Equation for Efficiency

5.7 Manual Integration, 5.8 Setting Normal or Continuous Integration,

5.9 Setting Real-Time Integration or Real-Time Continuous Integration,

5.10 Turning Integration Auto Calibration On or Off, 5.11 Selecting a Watt

Hour Integration Method for Each Polarity, 5.12 Selecting a Current Integration Mode

5.4 Setting the Equations for Apparent and Reactive Power,
5.5 Selecting a Phase Difference Display Format

| 5.13 Setting User-Defined Functions

4 Harmonics

4 Delta Measure

L

5.14 Setting the MAX Hold Feature
5.16 Selecting What Frequency to Measure
5.17 Setting Delta Computation (Optional)

IM 760201-01E
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5.2 Displaying Numeric Data and Changing
Displayed Items

Procedure

Displaying Numeric Data
1. Press NUMERIC to display numeric values.

Normal Mode Uover:= = = Scaling: LineFilt: NULL: YOKOGAWA 4
Iover:= = =  jAyarage: Freqrilt:
B : change items
PAGE Element1
[~ [u1 100v

Urms1 000 v q| L

Element2
uz  100v
12 14

et 0.0000 4 A
i -0.00

Al

4

Update 1(500msec)

Selecting the Number of Displayed Items
2. Press FORM to display the Numeric Form menu.

3. Use the cursor keys to select one of the following options: 4 Items, 8 Items, 16
ltems, Matrix, All Items, Single List, or Dual List."

*

Only appears on models with the harmonic measurement option.

4. Press SET to confirm the selected option.
You can also change the number of displayed items by pressing NUMERIC. Each time you
press NUMERIC, the number of displayed items switches in this order: 4 Items > 8 Items >
16 Items > Matrix > All ltems > Single List" > Dual List" > 4 Items > and so on.

*

Only appears on models with the harmonic measurement option.

8 Items
16 Items
Matrix

All Items

Single List

Dual List

There are two ways to change the displayed measurement functions, elements, and
wiring units.

» Using the function select menu

* Using ITEM.

IM 760201-01E



5.2 Displaying Numeric Data and Changing Displayed Items

Changing Displayed Items Using the Function Select Menu

You can change the display of elements; wiring units; functions U, |, P, S, Q, %, ¢, WP, q,
TIME, FU, FI, and n; and voltage and current modes using the function select menu.

* Selecting the Iltem to Change

5. Clear any menus that are displayed (so that : change items appears in the
upper left of the screen). For details, see section 1.3.

6. Use the cursor keys to select the item that you want to change. The selected
item is highlighted.
e Changing a Measurement Function
7. Press SET to display the Change Item menu.

8. Use the cursor keys to select a group of measurement functions you want to
display from U/I/P, S/Q/A/y, WP/g/Time, and FU/FI/m.

9. Each time you press SET, the display switches between the measurement
functions in the selected group. For example, if U/I/P is selected, the
measurement function that is displayed switches in this order each time you press
SET:U>I>P.

e Changing an Element or Wiring Unit
10. Use the cursor keys to select Element.

11. The element or wiring unit will change each time you press SET.

¢ Changing a Voltage or Current Mode
12. Use the cursor keys to select rms, mean, dc, rmean, or ac.

13. The voltage or current mode will change each time you press SET.
This ends the description of how to change displayed items using the function select menu.

Chanye Item

Element

us/1/p

S/QAD
WP/ 4/ TIME

FU/F 1%

rms/mean~dc
#rmean”ac
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5.2 Displaying Numeric Data and Changing Displayed ltems

Changing Displayed Items Using the ITEM Key
5. Press ITEM to display the Numeric menu.

* Selecting the Iltem to Change
6. Use the cursor keys to select Item No.
7. Press SET to display the item selection box.
8. Use the cursor keys to select the desired item. The selected item is highlighted.

9. Press SET or ESC to close the item selection box.

Nofte
In steps 6 through 9, you can use the < or B key instead of SET.

* Changing a Measurement Function
10. Use the cursor keys to select Function.
11. Press SET to display the measurement function selection box.
12. Use the cursor keys to select a measurement function.
13. Press SET. The symbol for the selected measurement function appears in the
highlighted area.
* Changing an Element or Wiring Unit
14. Use the cursor keys to select Element/x.
15. Press SET to display the element or wiring unit selection box.
16. Use the cursor keys to select an element or wiring unit.

17. Press SET. The element number or wiring unit symbol for the selected element
or wiring unit appears in the highlighted area. This ends the description of how to
change displayed items using menus.

* For instructions on how to change the harmonic orders of harmonic measurement
functions, see section 6.2, “Changing Numeric Data Display Items.”

Numeric (4D Numeric (4) Numeric (4] Numeric (4
Item Ho. Item No. Item No.
AT T T
Function Function Function
_ Urms | [Urms ]
Element Z ElementsZ e lement 2 Element/Z
-p -) [urms ] -
Order Order Ll Order order
ude Element2
Urmn Elementd
Uac
Reset Items Reset Items - set Items
Exec Exec =) Exec
L |

Scrolling through Displayed Pages

18. Use PAGEY and PAGEA to scroll through pages.
» Press PAGEV to display the next page.
* Press PAGEA to display the previous page.

Jumping to the Last or First Page

19. Press SHIFT+PAGEY or SHIFT+PAGEA to jump to the first or last page.
+ Press SHIFT+PAGEY to display the last page.
» Press SHIFT+PAGEA to display the first page.
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5.2 Displaying Numeric Data and Changing Displayed Items

Resetting the Displayed Item Order

1.

o A WD

Explanation

Press ITEM to display the Numeric menu.

Use the cursor keys to select Reset Items Exec.

Press SET. An Alert dialog box appears.

Use the cursor keys to select OK or Cancel.

If you select OK and press SET, the orders of the displayed items on all pages will

be reset.

If select Cancel and press SET, the order of the displayed items will not be reset.

Numeric (4]

Item No.
(Al
Function

Element/Z

Order

Reset Items
Exec

| —

Alert

Really

The order of 4 items will be initialized.
Do you want to execute?

*

The following is an example of the numeric value display:

Displayed when the

displayed item can
be changed using
the function select
key. The item that
can be changed is

also highlighted.

Normal Mode

_§ Urms1
E Irms1
2
£ P1
s S1
2 Q1
3
= A
P1
fu1

Update 1371(500msec)

Data update count
* The data update count is displayed under Update in the lower left corner
of the screen.

Uover:m = m
Iover:im = =

ES + [SET|: change items

102.70
373.44 .
24.73
38.35 w
29.32 .
0.6447
G49.86
50.021 .

The color changes from green to red if the input signal level
exceeds approximately three or six times the specified
measurement range when the crest factor is set to 3 or 6,
respectively. The first and second lines correspond to
voltage and current, respectively. The conditions of the input
signals of elements 1 to 3 are displayed in numeric order
from the left.

Scaling:® LineFilt:® NULL:®  YOKOGAWA 4
Averagei= FreqFiltim

Element1,

11 500ma

ejeq

1
2

IntegiReset
Time

* Press HOLD to hold the data update count.
Press HOLD again to un-hold it.
* When the value exceeds 65535, it returns to zero.

* The data update count is reset to zero if the power is turned off or
if a setting such as the measurement range or filter is changed.

—Page bar
"Bl [o7 v The current page is
highlighted. If page scrolling
Equ:E'SEC”j is possible using PAGE Aor
1210 PAGEY, the top and bottom
et — - sections of the page bar
1310 show A/V. If page scrolling
is not possible, AN/ is
shown.

IM 760201-01E
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5.2 Displaying Numeric Data and Changing Displayed ltems

Measurement Functions Used in Normal Measurement
Displayed Measurement Function Symbols and Their Meanings
U (voltage Urms, Umn, Udc, Urmn, Uac) | (Current Irms, Imn, Idc, Irmn, lac)

P (active power) S (apparent power)

Q (reactive power) A (power factor)

¢ (phase difference) fU/fl (or freqU/freql; voltage/current frequency)

U+pk/U-pk (maximum/minimum voltage)  I+pk/I-pk (maximum/minimum current)

CfU/CHl (voltage/current crest factor) WP (watt hour; sum of positive and negative watt
hours)

WP+ (positive watt hours consumed) WP- (negative watt hours returned to the power
supply)

g (ampere hours; sum of positive and g+ (positive ampere hours consumed)

negative ampere hours)
g- (negative ampere hours returned to the WS (volt-ampere hours)

power supply)
WQ (var hours) Time (integration time)
N1 to n2 (efficiency) F1 to F8 (user-defined functions)

AF1 toAF4 (delta computation option)

Example The True Rms Voltage of Element 1
Urms
T

Element 1

True rms value

Voltage

Simple Average of the Currents of the Elements in Wiring Unit =

IdcZ

T—Z function of wiring unit =

Simple average
Current

Cammmenn " or space is displayed if a measurement function is not selected or if there is no numeric

Displaying Numeric Data
Press NUMERIC to display numeric data.
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5.2 Displaying Numeric Data and Changing Displayed Items

Selecting the Number of Displayed Items
You can select the number of numeric data items that are displayed simultaneously from
the choices below.
* 4 ltems
Four numeric data values are displayed in one column.
+ 8ltems
Eight numeric data values are displayed in one column.
* 16 Items
Sixteen numeric data values are displayed in two columns.
Matrix/All ltems
A table of numeric data is displayed with measurement functions listed vertically
and symbols indicating elements and wiring units listed horizontally. The number of
displayed items varies depending on the number of elements that are installed in the
WT500. In the Matrix display, the displayed items (measurement functions) can be
changed. In the All Items display, the displayed items cannot be changed, so scroll
through the pages to change the displayed items.
+ Single List’
The numeric values of a single measurement function are displayed in two columns,
with a total of 42 items listed on a page.
+ Dual List’
The numeric values of two measurement functions are displayed in two separate
columns, with a total of 22 items in each column.

* This item only appears on models with the harmonic measurement option. For instructions on
how to change the displayed items in the Single List and Dual List displays, see chapter 6.

o e " is displayed if a measurement function is not selected or if there is no numeric data.

e If Urms, Umn, Udc, Urmn, Uac, Irms, Imn, Idc, Irmn, or lac exceeds 140% of the
measurement range, “-OL-" (for over range) is displayed.

« If the voltage or current exceeds 140% of the measurement range, “-OL-" (for over range) is
displayed for P.

« If the measured or computed result cannot be displayed using the specified decimal place or
unit, “-OF-" (for overflow) is displayed.

« If Urms, Uac, Irms, or lac is less than or equal to 0.5% (when the crest factor is set to 3, less
than or equal to 1.0% if the crest factor is set to 6) or Umn, Urmn, Imn, or Irmn is less than
or equal to 2% of the measurement range (when the crest factor is set to 3, less than or
equal to 4% if the crest factor is set to 6), the values of Urms, Umn, Urmn, Irms, Imn, Irmn,
and the measurement functions that are determined using these measurement functions are
zero. The A and ¢ functions will return errors (“Error” is displayed).

+ If the analysis window width (number of cycles of the fundamental signal) that is determined
by the fundamental frequency is shorter than the data update interval, harmonic data is not
measured, and “------- ” (no data) is displayed. If this happens, decrease the data update
rate. For example, if the fundamental frequency is 10 Hz (100-ms cycle), the analysis
window width is 1 wave (see section 14.6 for details), and the data measurement interval
is 100 ms. In this case, the time required for harmonic measurement is approximately 150
ms or greater (data measurement interval + data processing time). To measure and display
harmonic data, set the data update rate to a value greater than or equal to 200 ms.

» If the measured frequency is outside the measurement range, the fU or fl function returns an
error (“Error” is displayed).

* If the power factor ) is greater than 1 and less than or equal to 2, A returns 1. ¢ returns
zero.

+ If A is greater than 2, & and ¢ return errors (“Error” is displayed).

* In the Matrix display, if you select a measurement function (n1, n2, or F1 to F8) that does
not require an element or wiring unit, the data for that function appears in the Element 1
column.

IM 760201-01E
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5.2 Displaying Numeric Data and Changing Displayed ltems

Changing a Measurement Function

The types of measurement functions that can be selected are the functions described
in “Types of Measurement Functions Used in Normal Measurement” and “Measurement
Functions Used in Harmonic Measurement (Optional)” in section 2.2, in “User-Defined
Functions” in section 2.5, in “Integration Functions” in section 2.6, and in “Delta
Computation (Optional)” in section 5.17.

You can also choose not to display a measurement function (None).

The numbers (1, 2, 3, and 4) that are attached to delta computation measurement
function symbols are a part of the symbols and have no relation to the element
numbers.

The numbers attached to user-defined functions F1 to F8 are a part of the
measurement function symbols and are not related to the element numbers.

Changing the Element or Wiring Unit

You can select the element/wiring unit from the choices below. The selectable items
vary depending on the number of elements installed in the WT500.
Element1, Element2, Element3, and X

If there are no elements that are assigned to the selected wiring unit, because there is

no numeric data, ¥ measurement functions will display “------- ” (no data).
Urms1 102.70 Urms1 102.49
Irms1 373.44 .. Changing the measurement Irms1 371.50 .
P1 2473 , _function of the third item A 06447

S1 3835 w S1 3821 w

Urms1 102.86 .

Irms1 37932
Changing the element
of the third item P2 20.02
S1 3985 .

Resetting the Displayed Item Order
You can reset the displayed item order to a preset order. For details about resetting, see
appendix 2, “List of Initial Settings and Numeric Data Display Order.”

Nofte
* For the meanings of the displayed measurement function symbols, see section 2.2,

“Measurement Functions and Measurement Periods”; section 2.5, “Computation”; section 2.6,

“Integration”; and appendix 1, “Symbols and Determination of Measurement Functions.”

For instructions on how to change the displayed harmonic measurement function items, see

chapter 6.

» For information about wiring unit X, see section 4.2, “Selecting a Wiring System.”
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5.3 Setting the Equation for Efficiency

Procedure

1. Press SETUP to display the Setup menu.
2. Use the cursor keys to select Wiring.

3. Press SET to display the Wiring Settings menu.

Setting the Equation for Efficiency
4. Use the cursor keys to set the numerator or denominator of the efficiency
equation n1 or n2.

5. Press SET to display the efficiency equation computation parameter selection
box.

- . L
6. Use the cursor keys to select an efficiency computation parameter. g
To assign the sum of multiple parameters to the numerator or denominator of an equation, o
select Udef1 or Udef2. %
) [
7. Press SET to confirm. @
]
Setun Menu Wiring Settings Wiring Settings ‘BD
L] Wiring Element1 Element2 Element3 Element1 Element2 Element3 2]
Wiring L L T P20 1] Wiring [CPan T T iP7w 1 T ip7w 1] ,?._
<R
anges Element Independent [OFF _ON | Element Independent [OFF _ON |
4 Scali
cene Efficiency Efficiency
4 Sync Source ; 100021 ”
> Py P — * 1000x > =
4 Filters P
4 Update Rate
L = 1001x1 w2 =
4 Averaging P3 ]
4 Integration udef1 = [PT ]+ + + udef1 =
Details... udef2 = [PT ] + + + Udefz =

Setting the Efficiency Computation Parameters
4. Press the cursor keys to set the operand of the equation to Udef1 or Udef2.
5. Press SET to display the computation parameter selection box.

6. Use the cursor keys to select a computation parameter.

7. Press SET to confirm the parameter.
Wiring Settings Wiring Settings
Element1 Element2 Element3 Element1 Element2 Element3
Wiring [T 1PZwW T T 1P2W T T 1P2W T Wiring [T 1P2W T T 1P2W T T 1P2W T
Element Independent Element Independent
Efficiency Efficiency
I I
I —— * 1000%] -p I —— * 1000%]
. .
. .
72 = * 1000%] 72 = * 1000%]
P31 I
S
udef1 = [PT ] + [Hone] + [Hone] + [Hone] udeft =
udet? = [T + [Wome] + [None] + [Honz] Ude1z =
1
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5.3 Setting the Equation for Efficiency

Explanation

You can create an efficiency equation can by combining measurement function symbols.
The WT500 can determine the energy conversion efficiency of the device using the
numeric values of the measurement functions.

Setting the Equation

Two efficiency equations (n1 and n2) can be defined by assigning the power of an
element or the power of an X function as an operand. You can combine up to 4 terms
in Udef1 and Udef2 to set the sum of multiple measurement function symbols as an
operand of an equation.

Equation Examples
» Efficiency of a Single-Phase, Two-Wire Input/Single-Phase, Two-Wire Output
Device
Input:  Power of element 1 (P1)
Output: Power of element 2 (P2)
Efficiency equation: P2/P1

Input power: P1 Converter Output power: P2
(Inverter, etc.)

« Efficiency of a Single-Phase, Two-Wire Input/Three-Phase, Three-Wire Output
Device
Input:  Power of element 1 (P1)
Output: X power of elements 2 and 3 (PX)
Efficiency equation: PX/P1

o Efficiency of a Three-Phase, Three-Wire Input/Single-Phase, Two-Wire Output
Device
Input: X power of elements 1 and 2 (PX)
Output: Power of element 3 (P3)
Efficiency equation: P3/Px

Note

To correctly compute the efficiency, set the power factors of all elements so that all power

units used in the computation are the same. For example, the efficiency cannot be computed
correctly if elements or wiring units used in the computation have different power units, such as
W (watt) and J (joule).
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5.4 Setting the Equations for Apparent and
Reactive Power

Procedure

1. Press SETUP to display the Setup menu.
If the full Setup menu does not appear, proceed to step 2. If the full Setup menu appears,
proceed to step 4.

Use the cursor keys to select Details.
Press SET to display the full Setup menu.
Use the cursor keys to select Measure.

o RN

Press SET to display the Measure Settings dialog box.

Selecting an Apparent Power Equation

6. Use the cursor keys to select S Formula.

7. Press SET to display the apparent power equation selection dialog box.
8. Use the cursor keys to select an apparent power equation.
9

Press SET to confirm the equation.

Setup Menu Setup Menu
4 Wiring 4 Wiring
4 Ranges 4 Ranges [ Measure Settings | Measure Settings
4 Scaling 4 Scaling S Formula S Formula Orms=Trms
4 sync Source ' 4 Sync Source I $,0 Formula Type 1 S.0 Formula
4 Filters 4 Filters Phase 0 : - . Phase
4 Update Rate 4 update Rate Umean*Imean
Sync Measure [Master Slave Sync Measure Ude=Ide
4 Averaging 4 Averaging
Umean>Irms
4 Integration 4 Integration rmean®I rmean
Details... Hide Details
4 Measure
4 User Function
4 Freq Items
4 Harmonics
4 Delta Measure

Selecting an Apparent Power and Reactive Power Equation
6. Use the cursor keys to select S,Q Formula.
7. Press SET to display the apparent power equation selection dialog box.

8. Use the cursor keys to select an apparent power equation.
*  Type 3 only appears on models with the harmonic measurement option.

9. Press SET to confirm the equation.

Measure Settings Measure Settings
|'s Formuta | s Formula
5,Q Formula Type » 5,0 Formula
Phase 180 Lead-Lag Phase
Sync Measure Sync Measure

JusWaINSE3|\ J9MOd n
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5.4 Setting the Equations for Apparent and Reactive Power

Explanation

Selecting an Apparent Power Equation

In normal measurement, apparent power is the product of voltage times current. You
can choose which normal measurement voltage function (Urms, Umean, Udc, Urmean)
and current function (Irms, Imean, Idc, Irmean) the WT500 will multiply to determine the
apparent power from one of the combinations below.

Urms*Irms

The apparent power is determined from the product of the voltage and current true
rms values.

Umean*Imean

The apparent power is determined from the product of the voltage and current rectified
mean values calibrated to the rms values.

Udc*ldc

The apparent power is determined from the product of the voltage and current linear
averages.

Umean*Irms

The apparent power is determined from the product of the voltage’s rectified mean
value calibrated to the rms value and the current’s true rms value.

Urmean*lrmean

The apparent power is determined from the product of the voltage and current rectified
mean values.

Selecting an Apparent Power and Reactive Power Equation
You can choose the equation for apparent and reactive power from one of the following
three types. For details, see section 2.5.

Type 1 (The method used in the normal mode of conventional WT series power
meters)
Active power for a three-phase, four-wire system P =P1+P2+P3
Apparent power for a three-phase, four-wire system  S¥ =S1+ S2 + S3
(=U1x11 +U2 x 12 + U3 x |3)

Reactive power for three-phase, four-wire system Qz=Q1+Q2+Q3
Type 2
Active power for a three-phase, four-wire system Pz =P1+P2+P3

Apparent power for a three-phase, four-wire system S =81+ S2 + S3
(=U1xI1 + U2 x |12 + U3 x |3)

Reactive power for a three-phase, four-wire system  Qz= 1/ S3*Px?

Type 3 (The method used in the harmonic measurement modes of the WT1600,
the PZ4000, and the WT3000)

This equation can be selected on models with the harmonic measurement option

if harmonic measurement is proceeding properly. For an explanation of harmonic
measurement, see chapter 6.

Active power for a three-phase, four-wire system Pz =P1+P2+P3
Apparent power for a three-phase, four-wire system Sz= +/ PZ*+Qx?
Reactive power for a three-phase, four-wire system Qz=Q1+Q2+Q3
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5.5 Selecting a Phase Difference Display Format

Procedure

© NS A WD

Press SETUP to display the Setup menu.
If the full Setup menu does not appear, proceed to step 2. If the full Setup menu appears,
proceed to step 4.

Use the cursor keys to select Details.

Press SET to display the full Setup menu.

Use the cursor keys to select Measure.

Press SET to display the Measure Settings dialog box.

Use the cursor keys to select Phase.

Press SET to display the phase difference display format selection box.

Use the cursor keys to set the phase difference display format to 180 Lead/Lag
or to 360 degrees.

Press SET to confirm the format selection.

Setup Menu Setup Menu
4 Wiring 4 Wiring
4 Ranges 4 Ranges Measure Settings
4 Scaling 4 Scaling S Formula
4 Sync Source 4 Sync Source 5,0 Formula Type
4 Filters » 4 Filters » Phase a0 . -
4 update Rate 4 Update Rate ISync Measure
4 Averaging 4 Averaging
4 Integration 4 Integration
Details. .. Hide Details
4 Measure
4 User Function
4 Freq Items
4 Harmonics
4 Delta Measure

IM 760201-01E
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5.5 Selecting a Phase Difference Display Format

Explanation

The phase difference ¢ between the voltage and current indicates the position of the
current phase relative to the voltage of each element. You can select the phase display
format from one of the choices below.

180

Lead/Lag

If the current phase is in the counterclockwise direction with respect to voltage, the

curr

ent is leading (D) the voltage. If the current phase is in the clockwise direction with

respect to the voltage, the current is lagging (G) the voltage. The phase difference is
expressed by an angle between 0 to 180° (see appendix 3 for details).

360
The

degrees
phase difference is expressed as an angle between 0 and 360° in the clockwise

direction.

No

te
If the measured voltage or current value is zero, “Error” is displayed.

When both the voltage and current signals are sinusoidal waves and the ratios of the

voltage and current inputs with respect to the measurement range do not differ greatly, the
phase difference ¢ lead and lag are still detected and displayed correctly.

If the computation result of power factor ), exceeds “1,” ¢ is displayed as follows:

* If the power factor ) is greater than 1 and less than or equal to 2, ¢ returns 0.

+ If A is greater than 2, ¢ returns an error (“Error” is displayed).

The phase differences, ¢U and ¢l, of harmonic orders 1 to 50 of the voltage and current are
always displayed using an angle between 0 and 180° (no sign for lead and negative sign for

lag).

5-14

IM 760201-01E



5.6

Integration
The integration feature has the following five modes.
Integration Mode Start Stop Repetition Reference
Manual integration mode .
K K

A WT500 key is used to start/stop ey . ey . - Section
. . operation operation 5.7
integration.

Normal integration mode
A WT500 key is used to start Key Stopped Section
integration. Integration ends when a | operation | by the timer - 5.8
specified amount of time elapses.

Continuous integration mode
A WT500 key is used to start Repeats
integration. Integration resets when | Key Key when the timer |S€ction
a specified amount of time elapses. | operation | operation expires 5.8
Integration repeats until you press
STOP.

Real-tl.me norr_nal integration mo_de Date and Date and Section
The integration start and end times i . -

e time time 5.9

are specified.

Real-time continuous integration mode
The integration start and end times Repeats .
are specified. Integration resets ?ate and Eate and when the timer gzctlon
when a specified amount of time ime ime expires ’
elapses.

Integrated value

Integration time

For details on each integration mode, see section 2.6.

Starting, Stopping, and Resetting Integration
* You can start, stop, or reset integration by using the front panel keys or communication

commands.

» The following figure shows the relationship between the integration operation and
the actions of starting, stopping, and resetting. Pressing RESET after integration has
stopped resets the integrated value and the integration time.

Abort

Abort Restart

start l l

T

START STOP

!

START STOP

Reset

t

RESET

Restart

<«<—— Timer value —————>

A

START

Auto stop

Reset

RESET

IM 760201-01E
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5.6 Integration

Integration-Related Display Indications

Normal Mode Uover:m m m  Scaling'®™ LineFilt:m NULL:= YOKOGAWA 4
Iover:m m m  pyerage’®™ FreqFilt:m

ES + [SET|: change items

Element1 _Integ:Reset
Urms1 102.70 U1 aae Displayed when the
I 1 273 .44 Elomont2 integrated_ value i§
rms . mA uz 1000v reset and integration
P 24.73 24 can be started.
- W Element3
S1 3835 .. Lllg 1023: Integ:Start
’ Displayed, along with
Q1 2932 ... the elapsed
integration time,
Al 0.6447 when integration is in
progress.
(p1 G49-86 Integ:Reset
_____ i Integ:Stop
fu1 20.021 .. Displayed, along with

the elapsed
integration time,
when integration is
aborted, canceled, or
finished.

Update 1371(500msec)

Integ:Ready
Displayed when a
ready state is entered
in real-time

| integration mode.

Nofte

In addition to Reset, Start, Stop, and Ready, the following integration status indicators may

also appear.

+ TimeUp: When integration continues up to the time specified by the integration timer, it
automatically stops. This integration status is referred to as the TimeUp status.

» Error: The WT500 stores and holds the integration result even when a power failure
occurs while integration is in progress. When the power returns, integration is stopped,
and the integration result calculated up to the point when the power failure occurred is
displayed. This integration status is referred to as the Error status.

Displayed when the integration time is set to a non-zero value Displayed during a ready state
B+ ! change items

Element1 Element1
U1 100v U1 100v
Urms1 102 64 11 s0im T
" V Element2. Element2,
Uz 100v Uz 100v
12 1A 12 1n
Irms1 3 73 1 8 Element3 Element3
U3 100V U3 100v
- mA 13 1 13 1

" 24.966
A1 O . 6 5 1 8 izl':igus;:"; Elapsed ;"‘2?@:??:?

timer integration ot lime <— Scheduled integration

0:10:00 . oo:00:00] start time
time

Integration timer
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5.6 Integration

Holding, Starting, and Stopping Integration

When the display is held, the integration operation continues, but the display and

transmission of the integration result are held. The relationship between the hold function

and the start and end operations is as follows:

+ If you start integration while the display is held, the display and communication output
do not change. When you release the hold function (turned it off) or make a single
measurement by pressing SHIFT+HOLD (SINGLE), the integration result at that point

is displayed or transmitted.

ON
HOLD
OFF

Displayed value .-~ -
(The dotted line is the integrated value)

Integration time

!
START

'
STOP RESET

 If you stop integration while the display is held, the displayed and transmitted values
do not change. When you release the hold function (turn it off) or make a single
measurement by pressing SHIFT+HOLD (SINGLE), the integration result at the point
when integration was stopped is displayed or transmitted.

ON
HOLD

SINGLE
(Single measurement)

Displayed value _ -~
(The dotted line is the integrated value)

Integration time

}
START

STOP RESET

Sample Rate, and Valid Frequency Ranges for Integration
The sample rate is approximately 100 kHz. The voltage/current signal frequencies that

are valid for integration are as follows:

Integrated Item

Valid Frequency Range for Integration

Active power

DC to approximately 50 kHz

Current When integrating Irms
When integrating Imn

When integrating Idc
When integrating Irmn

When integrating lac

DC or the lower frequency limit determined by the
data update rate to approximately 50 kHz

DC or the lower frequency limit determined by the
data update rate to approximately 50 kHz

DC to approximately 50 kHz

DC or the lower frequency limit determined by the
data update rate to approximately 50 kHz

The lower frequency limit determined by the data
update rate to approximately 50 kHz

IM 760201-01E
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5.6 Integration

Display Resolution

The maximum display resolution for an integrated value is 999999. When an integrated
value reaches 1000000 counts, the decimal point shifts automatically. For example, if
0.001 mWh is added to 999.999 mWh, the display shows 1.00000 Wh.

Display When Integration Overflow Occurs

If either of the conditions below is met, integration is stopped, and the integration time

and integrated value are held.

» The integration time reaches the maximum integration time (10000 hours).

* The integrated value of WP, g, WS, or WQ reaches the maximum or minimum
displayable value given below.

Maximum and Minimum Displayable Integrated Values
Active power (WP): +999999 MWh

Current (q): 1999999 MAh

Apparent power (WS):  £999999 MVAh

Reactive power (WQ):  £999999 Mvarh

Integration When the MAX Hold Feature Is Enabled

The integrated value is determined and displayed by summing the value that is measured
at every display update rate, irrespective of the MAX hold feature (section 5.12 for
details).

Integration When the Measured Value Exceeds the Measurement Limit
If a sampled instantaneous current or voltage exceeds the maximum or minimum
measurement range limits of the AD circuit, the value is measured as the maximum or
minimum measurement range limit value.
Integration When Current Input Is Small
Integration is performed assuming a current of zero when the current input relative to the
measurement range is as indicated below.
* When the crest factor is set to 3
When Irms or lac is less than or equal to 0.5% or Imn or Irmn is less than or equal to
2%
* When the crest factor is set to 6
When Irms or lac is less than or equal to 1.0% or Imn or Irmn is less than or equal to
4%

Backup When a Power Failure Occurs

» If a power failure occurs when integration is in progress, the integration result is held.
When the power returns, integration stops, and the integration result calculated up to
the point when the power failure occurred is displayed.

» After the power returns, you must reset integration to start it again.

IM 760201-01E



5.6 Integration

Limitations on Modifying the Settings during Integration
When integration is in progress, the settings shown below cannot be changed.

Integration Operation Condition

Integration Integrating Integration
Feature Reset Suspended
Wiring system Yes No No
Measurement range Yes No No
Scaling Yes No No
Filter Yes No No
Averaging Yes No No
Sync source Yes No No
Hold Yes Yes Yes
Single measurement Yes Yes Yes
Data update rate Yes No No
Display mode Yes Yes Yes
Integration mode Yes No No
_Integration timer Yes No No
Integration start Yes No Yes
Integration stop No Yes No
Integration reset Yes No Yes
Storage Yes Yes Yes
(excluding integration synchronization mode)
Zero-level compensation Yes No No
Null Yes No No

* Yes: Settings can be changed.
* No:  Settings cannot be changed.
« Starting integration in auto range mode switches the measurement range

to fixed range mode.

Note

In addition to the settings and operations listed above, other settings and operations that affect

integration (such as the self-test operation and date and time settings) cannot be performed.
(Doing so will result in an error.)

Limitations on Waveform Display during Integration

» The trigger feature for waveform display does not work while integration is in progress
or is suspended (see section 7.5 for details). Therefore, the signal level of the
waveform display at the left end of the screen may not be stable.

» During integration, the shortest possible waveform data update interval is 1 s. If you
select an update interval shorter than 1 s, the numeric data and waveform data will
contain measured values for different measurement periods.
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5.7 Setting Manual Integration

Procedure

1. Press SETUP to display the Setup menu.
2. Use the cursor keys to select Integration.

3. Press SET to display the Integration Settings menu.

Selecting Normal Integration Mode
4. Use the cursor keys to select Integ Mode.
5. Press SET to display the integration mode selection box.
6. Use the cursor keys to select Normal.

7. Press SET to confirm the selection.

Setup Menu Integration Settings Integration Settings
4 Wiring Integ Mode Integ Mode
1 Ranges Integ Timer Integ Timer
{ Sealing Real-time Control Real—time Co Nl
4 Sync Source St:rt z 1 : : i::rt Continuous
4 Filters » e » R-Normal

Auto Cal Auto Cal R—Continuous

4 Update Rate

- WP Type [Charge/Discharge  Sold/Bought | W Type DRI, 2 Sold/Bought
4 Integration | q Mode [rms mean dc r-mean ac | 4 Mode rms _mean dc r—mean ac |
| Details. ..
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5.7 Manual Integration

Setting the Integration Timer

8. Use the cursor keys to select one of the Integ Timer boxes (hour, minute, or
second).

9. Press SET to display an entry box.

10. Use the cursor keys to set the hour, minute, or second that you selected in step
8 to zero.

11. Press SET or ESC to close the entry box.
12. Repeat steps 8 to 11 to set the hour, minute, and second to 00000:00:00.

13. Press ESC twice to close the entry box and the setup menu.

[ Integration Settings |

Intey Timer

|/[0T]-[07] [O0]:[00]:[00]
b OT]-[07] [0 (o

Auto Cal

W Type [Charge/Discharge  Sold/Bought |

q Mode THs  mean dc  r-mean ac |

Integrating in Manual Integration Mode
» Starting Integration

14. Press START/STOP. The integration indicator changes to Start (displayed in
green), and integration starts.

* Holding Integration

15. Press HOLD. The HOLD key lights, and the numeric data display is held. The
WT500 continues the integration operation internally.

* Un-Holding

16. Press HOLD when the display is held. The HOLD key is no longer lighted, and
the numeric data display is updated. While the display is held, you can execute a
single measurement by pressing SHIFT+HOLD (SINGLE) to update the display.

e Stopping Integration

17. Press START/STOP. The integration indicator changes to Stop (displayed in red).
The integration time and integrated value are held. You can press START/STOP
again to resume integration.

* Resetting Integration

18. Press SHIFT+START/STOP (RESET). The integration indicator changes to
Reset, the integration time and integrated value are reset, and the displays for
integration-related functions such as WP change to “----------- ” (no data).
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5.7 Manual Integration

Explanation

For an explanation of the integration feature, see section 2.6.
To perform manual integration, you must select the integration mode, set the integration
timer to 00000:00:00, and then start integration.

Setting the Integration Mode/Integration Timer
In normal integration mode, when the integration timer is set to 00000:00:00, integration

is performed in manual integration mode.

For information about integration, such as how to start, stop, and reset it, see the
explanations in section 5.6.
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5.8 Setting Normal or Continuous Integration

Procedure

1. Press SETUP to display the Setup menu.
2. Use the cursor keys to select Integration.
3. Press SET to display the Integration Settings menu.

Selecting Normal or Continuous Mode
4. Use the cursor keys to select Integ Mode.
5. Press SET to display the integration mode selection box.
6. Use the cursor keys to select Normal or Continuous.

7. Press SET to confirm the selection.

Setup Menu Integration Settings Integration Settings
4 uiring Integ Mode Integ Mode
1 Ranges Inteq Timer [00000]:[ 00 |:[00] Integ Timer
4 Scaling Real-time Control Real-time Co HorTmal
4 Sync Source Start Z Start continuous
* End * End s
4 Filters FeMamal
Auto Cal Auto Cal R—Continuous

4 Update Rate |

- WP Type [Charge/Discharge  Sold/Bought | W Type e Sold/Bought
4 Integration " q Mode [ms ___mean dc__r—mean ac | i Mode [ls  mean dc  r—mean ac |
| Details. ..
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5.8 Setting Normal or Continuous Integration

Setting the Integration Timer

8. Use the cursor keys to select one of the Integ Timer boxes (hour, minute, or
second).

9. Press SET to display an entry box.

10. Use the cursor keys to set the hour, minute, or second that you selected in step 8.
11. Press SET or ESC to close the entry box.

12. Repeat steps 8 to 11 to set the hour, minute, and second.

13. Press ESC twice to close the entry box and the setup menu.

[ Integration Settings

End  [OOCVOLOT 00000

Auto Cal

W Type [Charge/Discharge  Sold/Bought |
q Mode THs  mean dc  r-mean ac |

Integrating in Normal or Continuous Integration Mode
e Starting Integration

14. Press START/STOP. The integration indicator changes to Start (displayed in
green), and integration starts.

* Holding Integration

15. Press HOLD. The HOLD key lights, and the numeric data display is held.
Integration continues.

* Un-Holding

16. Press HOLD when the display is held. The HOLD key is no longer lighted, and
the numeric data display is updated. While the display is held, you can execute a
single measurement by pressing SHIFT+HOLD (SINGLE) to update the display.

e Stopping Integration

17. Press START/STOP. The integration indicator changes to Stop (displayed in
red). The integration time and integrated value are held. If you press START/
STOP before the integration timer expires and then press START/STOP again,
integration will restart and continue until the timer expires.

In normal integration mode, once the integration timer expires, the integration indicator
switches from Start, displayed in green, to TimeUp, displayed in red. The integration time
and integrated value are held.

In continuous integration mode, once the integration timer expires, the integration time and
integrated value are automatically reset, and integration continues until you press START/
STOP.

Resetting Integration

18. Press SHIFT+START/STOP (RESET). The integration indicator changes to
Reset, the integration time and integrated value are reset, and their displays
change to “----------- ” (no data).
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5.8 Setting Normal or Continuous Integration

Explanation

For an explanation of the integration feature, see section 2.6.
For the WT500 to perform integration, you must set the parameters such as the
integration mode and the integration timer, and then start integration.

Selecting Normal or Continuous Mode

There are two integration modes that allow you to set a length of time (using the timer)

for which integration will take place. They are listed below.

* Normal Integration Mode
Integration continues until (1) the specified amount of time (which is determined by the
timer setting) elapses, (2) you press START/STOP, or (3) the maximum or minimum
displayable integrated value (see section 5.6 for details) is reached. When integration
stops, the integration time and integrated value are held.

e Continuous Integration Mode
Integration continues for a specified amount of time, and then resets and starts again.
Integration repeats until you press START/STOP. If the integrated value reaches its
maximum or minimum displayable value before the specified amount of time has
elapsed, integration is stopped, and the integration time and integrated value at that
point are held.

Setting the Integration Timer
* You can set the timer hour, minute, and second within the following range.
00000 : 00 : 00 to 10000 : 00 : 00

Nofte

If you set the integration timer to 00000 : 00 : 00 in normal mode, the WT500 will integrate in
manual mode (see sections 2.6 and 5.7 for details).

For information about integration, such as how to start, stop, and reset it, see the
explanations in section 5.6.
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5.9 Setting Real-Time Integration or Real-Time

Continuous Integration

Procedure
1. Press SETUP to display the Setup menu.
2. Use the cursor keys to select Integration.

3. Press SET to display the Integration Settings menu.

Selecting Real-Time Integration Mode (R-Normal) or Real-Time Continuous
Integration Mode (R-Continuous)

4. Use the cursor keys to select Integ Mode.

5. Press SET to display the integration mode selection box.
6. Use the cursor keys to select R-Normal or R-Continuous.
7

Press SET to confirm the selection.

Setup Menu Inteqration Settings Integration Settings
4 wiring Intey Mode Integ Mode
4 Ranges Integ Timer [0000D]:[00]:[00] Intey Timer
4 Scaling B .
Real-time Contr Real-time Co
4 Sync Source Start 7 J-[0T]-[07] start Continuous
End [O1]-[07] End R-Normal
4 Filters
Auto Ccal Auto Cal R—Continuous
4 update Rate __ |
: W+ Type [Charge/Discharge Sold/Bought | WP: Type = 52 Sold Bought
4 Integration ) 4 Mode [is  fean dc  r—mean ac | q Mode rms _ mean dc __r—mean ac |

| Details...

IM 760201-01E

5-26



5.9 Setting Real-Time Integration or Real-Time Continuous Integration

Setting the Integration Timer

8. Use the cursor keys to select one of the Integ Timer boxes (hour, minute, or
second).

9. Press SET to display an entry box.
10. Use the cursor keys to set the hour, minute, or second that you selected in step 8.
11. Press SET or ESC to close the entry box.

12. Repeat steps 8 to 11 to set the hour, minute, and second.

[ Integration Settings |

Intey Timer

Start  [ZO07[07]/[0T] [O0]:[00]:[00]
End [Zo07 o [O7]-[07] - [0 [0 : (O]

Auto Cal

W Type [Charge/Discharge  Sold/Bought |
q Mode THs  mean dc  r-mean ac |

Setting the Scheduled Start and End Times

13. Use the cursor keys to select one of the Real-time Control integration start time
boxes (year, month, day, hour, minute, or second).

14. Press SET to display an entry box.

15. Use the cursor keys to set the year, month, date, hour, minute, or second that
you selected in step 13.

16. Press SET or ESC to close the entry box.
17. Repeat steps 13 to 16 to set the year, month, date, hour, minute, and second.

18. Use the cursor keys to select one of the Real-time Control integration end time
boxes (year, month, day, hour, minute, or second).

19. Repeat steps 14 to 17 to set the year, month, date, hour, minute, and second.

20. Press ESC twice to close the entry box and the setup menu.

Integration Settings
Integ Mode
Integ Timer [00000]:[00]:[00]
I—

Real-time Cofg

start |} 200g |00 [003: oo Con
End . ?|0T]-[07] [07]:[00]:[00]
Auto Cal OFF [o.]
WP+ Type [Charge-Discharge Sold-Bought |
q Mode rms __mean dc  r-mean ac |
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5.9 Setting Real-Time Integration or Real-Time Continuous Integration

Integrating in Real-Time Integration Mode or Real-Time Continuous
Integration Mode
» Starting Integration
21. Press START/STOP. The integration indicator changes to Ready (displayed in
yellow), and the WT500 is ready to integrate. When the scheduled integration
start time is reached, the integration indicator changes to Start (displayed in
green), and integration starts.

* Holding Integration

22. Press HOLD. The HOLD key lights, and the numeric data display is held.
Integration continues.

* Un-Holding
23. Press HOLD when the display is held. The HOLD key is no longer lighted, and
the numeric data display is updated. While the display is held, you can execute a
single measurement by pressing SHIFT+HOLD (SINGLE) to update the display.

e Stopping Integration
24. Press START/STOP. The integration indicator changes to Stop (displayed in red).

The integration time and integrated value are held. If you press START/STOP
before the scheduled integration end time is reached and then press START/
STOP again, integration will restart and continue until the scheduled integration
end time is reached.
In real-time integration mode, once the scheduled integration end time is reached, the
integration indicator switches from Start, displayed in green, to Stop, displayed in red. The
integration time and integrated value are held.
In real-time continuous integration mode, once the integration timer expires, the integration
time and integrated value are automatically reset, and integration continues until you press
START/STOP or until the scheduled integration end time is reached.

* Resetting Integration
25. Press SHIFT+START/STOP (RESET). The integration indicator changes to
Reset, the integration time and integrated value are reset, and their displays
change to “----------- ” (no data).
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5.9 Setting Real-Time Integration or Real-Time Continuous Integration

Explanation

For an explanation of the integration feature, see section 2.6.
To perform integration, you must set the integration mode, the integration timer, and the
integration start and stop times, and then start integration.

Selecting Real-Time Integration Mode or Real-Time Continuous Integration

Mode

There are two integration modes that allow you to set integration start and end times

between which integration takes place. They are listed below:

* Real-Time Integration Mode
You specify the dates and times when integration will start and end. Integration stops
when (1) the specified stop time is reached, (2) the timer expires before the specified
stop time is reached, (3) the maximum integration time of 10000 hours is exceeded, or
(4) the maximum or minimum displayable integrated value (see section 5.6 for details)
is reached. The integration time and integrated value at that point are held.

¢ Real-Time Continuous Integration Mode
You specify the dates and times when integration will start and end and the duration of
the integration timer. Integration repeats within the start and end times at the interval
specified by the timer. When the amount of time specified by the timer elapses,
integration resets and starts again. When the specified stop time is reached, or when
the integrated value reaches its maximum or minimum displayable value, integration
is stopped, and the integration time and integrated value at that point are held.

Setting the Integration Timer
* You can set the timer hour, minute, and second within the following range.
00000 : 00 : 00 to 10000 : 00 : 00

Nofte

If you set the integration timer to 00000 : 00 : 00 in real-time integration mode, the WT500 starts
integration at the specified start time, and integration stops when (1) the specified stop time is
reached, (2) the maximum integration time of 10000 hours is exceeded, or (3) the maximum or
minimum displayable integrated value is reached. The integration time and integrated value at
that point are held.

Setting the Scheduled Start and End Times
You can set the year, month, day, hour, minute, and second of the integration start and
end times. Be sure to set the integration end time to a time after the integration start time.
The start and end times can be set within the following ranges:

Year: Any four-digit Gregorian calendar value

Hour:Minute:Second 00:00:00 to 23:59:59

Nofte
* You can set the day for the scheduled start or end time in February to a value as high as the
315t day. If you do so, an error message appears when integration is executed (see section 5.8
for details). Reset the scheduled start or end time.
* The WT500 recognizes leap years when it executes the integration operation.

For information about integration, such as how to start, stop, and reset it, see the
explanations in section 5.6.

IM 760201-01E

5-29

juswaINSea|\ J9Mod n



5.10 Turning Integration Auto Calibration On or Off

Procedure

1. Press SETUP to display the Setup menu.
2. Use the cursor keys to select Integration.

3. Press SET to display the Integration Settings menu.

Selecting Whether or Not to Use Integration Auto Calibration
4. Use the cursor keys to select Auto Cal.

5. Press SET to select ON or OFF.

Setup Menu Integration Settings
4 wiring Integ Mode
4 Ranges Intey Timer (00000):[00]:[00)
4 Scaling

Real-time Control

4 Sync Source Start (0T ]-[07] [00]:[00]:[00]
-> End  [Z007}(01)[07] [T7]:[00]:[00]

4 Filters e e

Auto Cal

4 Update Rate

l ) WP+ Type |Charge<Discharge Sold-Bought |
4 Integration | q Mode [ims  mean _dc__i-mean ac |
| Details. ..

Explanation

Turning Integration Auto Calibration On or Off
Ordinary zero-level compensation takes place when the measurement range or line filter
is changed, but you can also automatically calibrate the zero level during integration.

+ ON: Zero-level compensation takes place approximately once every hour during
integration.

* OFF: Zero-level compensation does not take place during integration.

Note

When integration auto calibration is on and zero-level compensation is in progress, the power
or current value measured immediately before is integrated.
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5.11 Selecting a Watt Hour Integration Method for
Each Polarity

Procedure

1. Press SETUP to display the Setup menu.
2. Use the cursor keys to select Integration.

3. Press SET to display the Integration Settings menu.

Selecting a Watt Hour Integration Method for Each Polarity
4. Use the cursor keys to select WP+Type.
5. Press SET to select either Charge/Discharge or Sold/Bought.

Setup Menu Integration Settings
{ wiring Intey Mode
4 Ranges Inteq Timer [OUNDD):[TW]:[00]
4 Scaling .
Real-time Control
4 Sync Source Start [Zou7 J-[01T]-[0T] 10 : (00 ] : (00
* End [Z007 [UT]-[07] [O7]:[00]:[T0]
4 Filters
Auto Cal
4 update Rate
" W+ Type [Charge/Discharge Sold/Bought |
{ Integration ‘I q Mode rms  mean  dc  r—mean ac | I‘
| Details...

Explanation

Selecting a Watt Hour Integration Method for Each Polarity

You can set the integration method for WP+ and WP- to one of the choices listed below.

» Charge/Discharge: Measure DC watt hours by polarity (integrate sampled values).

» Sold/Bought: Measure AC watt hours by polarity (integrate the values at
each data update interval).

For the equations that correspond to these integration methods, see section 2.6.
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5.12 Selecting a Current Integration Mode

Procedure

1. Press SETUP to display the Setup menu.
2. Use the cursor keys to select Integration.

3. Press SET to display the Integration Settings menu.

Selecting a Current Integration Mode
4. Use the cursor keys to select g Mode.

5. Press SET to select rms, mean, dc, r-mean, or ac.

Setup Menu Integration Settings
4 Wiring Integ Mode
4 Ranges

Intey Timer [00000]:[ 00 ]:[00]

Real-time Control

4 Sync Source Start  [ZO07[07]/[0T] [O0]:[00]:[00]
- I v i ol o o

Auto Cal

4 Scaling

4 Filters

4 Update Rate

) WP+ Type [Charge-Discharge Sold-Bought |
“m—!

4 Integration q Mode [ims  mean _dc__i-mean ac |

[ petails. .. '

Explanation

Selecting a Current Integration Mode

You can select the type of current whose values will be integrated from one of the
choices listed below. For the integration methods that correspond to these different
current types, see section 2.6.

* rms: True rms value

* mean: Rectified mean value calibrated to the rms value
+ dc: Linear average

* r-mean: Rectified mean value

e ac: AC component

When the current mode is dc, the polarity (+ or -) is displayed.
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5.13 Setting User-Defined Functions

Procedure

o A WN

Selecting Whether or Not to Compute a User-Defined Function

Press SETUP to display the Setup menu.
If the full Setup menu does not appear, proceed to step 2. If the full Setup menu appears,
proceed to step 4.

Use the cursor keys to select Details.
Press SET to display the full Setup menu.

Use the cursor keys to select User Function.

Press SET to display the User-Defined Function Settings dialog box.

6. Use the cursor keys to select the user-defined function that you want to set.
7. Press SET to select ON or OFF. If you select ON, the ON/OFF indicator lights.

Setup Menu Setup Menu [ User Defined Function Settings
4 uiring 4 uiring Expression unit
4 Ranges 4 Ranges WHET-TIED= -
4 Scaling 4 Scaling | RUSHARTET] v
4 Sync Source 4 Sync Source
» [ TRMGMAX (ET) A& ]
4 Filters 4 Filters
I PRARCET) 1 W]
4 Update Rate 4 Update Rate
- - [ UPPEARMAX (ET) | v ]
4 Averaging 4 Aaveraging
(ET)
4 Integration 4 Integration | UMPEAKMAX CET L v
Details. .. Hide Details | TPPEARNAR (ET) | & ]
4 Measure [ TMPEARMAX (E 1) .|
4 User Function Max Hold

4 Harmonics

4 Delta Measure

ON/OFF indicators

IM 760201-01E
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5.13 Setting User-Defined Functions

Setting the Equation

8. Use the cursor keys to select the Expression of the user-defined function that
you want to compute.

9. Press SET. A keyboard appears on the screen.

10. Use the keyboard to set the equation.
For instructions on how to use the keyboard, see section 3.14, “Entering Values and
Character Strings.”

Setting the Unit

11. Use the cursor keys to select the Unit of the user-defined function that you want
to compute.

12. Press SET. A keyboard appears on the screen.

13. Use the keyboard to set the unit.
For instructions on how to use the keyboard, see section 3.14, “Entering Values and
Character Strings.”

User Defined Function Settings User Defined Function Settings
ON/OFF ’ Expression Unit ! ON-OFF Expression (PAGE 4 )
| <
@ F1 WHUET)/TICETJ*3600 W ] [ F1 WHETI/TICETI=I600 1
@ f2 URMSMAXCET) 1 [~ ] © F2 (PAGE™)
>
@ F3 TRNGMAX(ET) | ©Ff ] WHUE1)/TILE1)*3600]
@ F4 PRAXTET) 1w ] @ F4 (SHIFT+ESC)
* BS
@ fa UPPEAKMAXCET) || @ F5
[A[BIC N
@ F6 UWPEARWAR(ET) | @ rs | BECRE [EEE MO
FIEHOL] CREEL] KREDE]
@ F7 TPPEARMAR(ET) [ @ F | e EEE
@ r8 TMPEARMAXTET) ) @ r8 FIOEEET CEEEE AEEIEE] (SHIFT+SET)
Y| GPACE 7 ] Commit
Max Hold O P | L AL A P 2 R P ] 1 21
[ 9 ]

Explanation

You can combine function symbols to create equations and use the numeric data of the
combined functions to determine the value of the equation. It is convenient to use a USB
keyboard when entering multiple equations or particularly long equations.

Turning the Computation of a User-Defined Function On or Off
You can choose to turn the computation of the selected user-defined function on or off.
* ON (The ON/OFF indicator lights)
The function is computed.
» OFF (The ON/OFF indicator does not light)
The function is not computed.

Setting the Unit

» String Length
Up to eight characters. Not all eight characters can be displayed in the numeric
display. The number of characters that can be displayed in the numeric display varies
depending on the number of displayed items (see section 5.1 for details).

» Usable Characters
Spaces and all characters that are displayed on the keyboard
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5.13 Setting User-Defined Functions

Equation Types

Combinations of measurement functions and element numbers (e.g., Urms1) can be
used as operands to create up to eight equations (F1 to F8). There can be up to 16
operands in one equation. Some operands cannot be computed in measurement modes
other than normal measurement mode. For details, see appendix 12.

¢ Measurement Functions That Can Be Computed
The operators for the measurement functions are shown below in this format:
measurement function: operand.

U:U() Urms:URMS( ) Umn: UMN()
Udc: UDC() Urmn: URMN( ) Uac: UAC()
1) Irms: IRMS( ) Imn: IMN( )
Idc: IDC() Irmn: IRMN() lac: IAC()

P: P() S:S() Q:Q()

A: LAMBDA( ) ¢: PHI() fU: FU()

fl: FI() U+pk: UPPK() U-pk: UMPK()
I+pk: IPPK( ) I-pk: IMPK() CfU: CFU()
Cfl: CFI() n1: ETA1() n2: ETA2()
Wp: WH() Wp+: WHP() Wp-: WHM( )
q: AH() g+: AHP() g-: AHM( )
WS: SH() WQ: QH() Time: TI( )
F1: F1() F2: F2() F3: F3()

F4: F4() F5: F5() F6: F6( )
F7:F7() F8: F8()

* The following measurement functions can be computed on models with the
delta computation option.
AF1rms( ): DELTAF1RMS( )
AF2rms( ): DELTAF2RMS( )

AF3rms( ): DELTAF3RMS( )

):

AF1mn( ): DELTAF1MN

() AF1dc(): DELTAF1DC(
AF2mn( ): DELTAF2MN( )

()

()

)
AF2dc( ): DELTAF2DC( )
)
)

AF3mn( ): DELTAF3MN()  AF3dc( ): DELTAF3DC(

AF4rms( ): DELTAF4ARMS()  AF4mn( ): DELTAFAMN()  AF4dc( ): DELTAF4DC(
AF1rmn( ): DELTAFIRMN()  AF1ac( ): DELTAF1AC( )
AF2rmn( ): DELTAF2RMN()  AF2ac( ): DELTAF2AC( )
AF3rmn( ): DELTAF3RMN()  AF3ac( ): DELTAF3AC( )
AF4rmn( ): DELTAF4ARMN()  AF4ac( ): DELTAF4AC( )

* The following measurement functions can be computed on models with the
harmonic measurement option.

juswWaINSEa|\ J9MOd n

oU: UPHI(, ) ol: IPHI(, ) Uhdf: UHDF(, )
Ihdf: IHDF( , ) Phdf: PHDF(, ) U_k: UK(,)
Lk IK(,) P k: PK(,) S k: SK(, )
Q_k: QK(,) A_k: LAMBDAK( , ) ¢_k: PHIK(, )
Uthd: UTHD( ) Ithd: ITHD( ) Pthd: PTHD( )

oU1-U2: PHIUTU2( )
oU1-12: PHIUTI2( )

oU1-U3: PHIUTU3( )
oU1-13: PHIUTI3( )

oU1-11: PHIU1IM()
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5.13 Setting User-Defined Functions

Setting Operand Parameters
The parameters that you need to enter depend on whether the function is followed by “( , )’
or“()".
» Setting parameters for functions followed by “(, )”
Specify the element to the left of the comma, and specify the harmonic order to the
right of the comma. For example: (E1,0R2).
» Symbols used to represent elements

E1 to E3: Element 1 to element 3
E4: z
+  Symbols used to represent harmonic orders”
ORT: Total
ORO: DC
ORT: Fundamental signal

OR2 to OR50: Harmonics
*  The harmonic measurement feature (optional) is required.

» Setting parameters for functions followed by “( )"
Specify the element. You do not need to specify a harmonic order. For example: (E1).

For information about the symbols that can be used in the parameters of each operand,
see appendix 7.

Values Substituted in Operands
» The substituted value of TI() is the same regardless of which element symbol (E1 to
E3) is used in TI(). The unit of Tl values is seconds.

* The U1 in PHIU1UZ2 represents the voltage signal of the element whose element
number is the smallest in the wiring unit (£). For example, if input elements 2 and 3
are assigned to wiring unit X, PHIU1U2 is the phase difference between the voltage
signals of input elements 2 and 3.
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5.13 Setting User-Defined Functions

» User-defined functions allow you to determine physical values other than those of the
measurement functions by combining operands. Only power measurement functions
can be assigned to the efficiency equation (see section 5.3 for details). However, by
using user-defined functions, you can create equations consisting of measurement
functions other than power measurement functions to determine ratios other than
efficiency.

On the WT500, user-defined equations can use other user-defined equations with
smaller numbers as operands. For example, the equation for user-defined function

F3 can be set to F1( ) + F2( ). This allows equations that would otherwise exceed 50
characters in length to be computed. This can be accomplished by for example setting
equations in F1 and F2, and then adding or dividing those equations in F3. This feature
is also convenient when defining multiple equations that include common operands.

For example, you can set common operands in F1, and then set F4 as F3( ) divided by
F1() and set F5 as F4( ) divided by F1( ). However, if you enter a user-defined equation
with a number that is greater than or equal to its own number, correct results will not be
obtained. For example, if you set user-defined function F3 to F1( ) + F3( ) or to F1() + F4(),
the computed result will be displayed as “------- ” (no data) or “Error.”

e Operators
The following operators can be used in equations.

Operator Example Description

+, -, % U(E1,0R1) - U(E2,0R1) Basic arithmetic
ABS ABS(P(E1,0RT) + P(E2,0RT)) Absolute value
SQR SQR(I(E1,0R0)) Square

SQRT SQRT(ABS(I(E1,0R3))) Square root
LOG LOG(U(E1,0R25)) Natural log
LOG10 LOG10(U(E1,0R25)) Common log
EXP EXP(U(E1,0R12)) Exponent

NEG NEG(U(E1,0R12)) Negation

Usable Characters and Maximum String Lengths in Equations
» String Length

Up to 50 characters.
» Usable Character Types

Spaces and all characters that are displayed on the keyboard

* Equation Examples
An equation to determine the rms value of the harmonic components of the voltage
signal of input element 2.

‘\/(Total rms voltage value)? - (Rms value of the fundamental voltage signal)?
SQRT(SQR(U(E1,0RT))-SQR(U(E2,0R1)))

Nofte

If an operand in an equation is undetermined, the computed result is displayed as “------- (no

data). This occurs when a delta computation measurement function is in the equation, but delta
computation is turned OFF, or when a measurement function of an element that is not installed
is in the equation.
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5.14 Setting the MAX Hold Feature

Procedure

Selecting Whether or Not to Use the MAX Hold Feature in the Numeric
Data Display

1. Press SETUP to display the Setup menu.
If the full Setup menu does not appear, proceed to step 2. If the full Setup menu appears,
proceed to step 4.
2. Use the cursor keys to select Details.
3. Press SET to display the full Setup menu.
4. Use the cursor keys to select User Function.
5. Press SET to display the User-Defined Function Settings dialog box.
6. Use the cursor keys to select Max Hold.
7. Press SET to select ON or OFF.
Setup Menu Setup Menu User Defined Function Settings
4 Wiring 4 Wiring ON/OFF Expression Unit
4 Ranges 4 Ranges @M [ WED/TIETE0 -
4 scaling 4 Scaling ®F2 I IRVSHARTETT | ¥ ]

4 Sync Source

4 Sync Source

@ F3 [ TRUSWARLET) N
4 Filters » 4 Filters »
@ F4 PMAX(ET) W]
4 Update Rate 4 Update Rate
P F5 UPPEAKMAXTETT [ W ]
4 Averaging 4 Averaging © l ‘
4 Integration 4 Integration [N UMPERRMARCET) .
Details... Hide Details @ F7 | TPPEARVAK(ET) [ & ]
4 Measure @ F8 [ TMPEAKMAXTETY [ & ]

4 User Function

Max Hold )

Teq 1tems

4 Harmonics

4 Delta Measure
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5.14 Setting the MAX Hold Feature

Explanation

MAX Hold

The maximum value of a type of numeric data can be held.

* You can determine the type of data whose maximum value will be held using a user-
defined function. The operators for the measurement functions are shown below in
this format: measurement function: equation for defining the MAX hold.

Urms: URMSMAX( ) Umn: UMEANMAX() Udc: UDCMAX( )

Urmn: URMEANMAX() Uac: UACMAX() Irms: IRMSMAX( )

Imn: IMEANMAX( ) Idc: IDCMAX( ) Irmn: IRMEANMAX( )

lac: IACMAX( ) P: PMAX() S: SMAX()

Q: QMAX() U+pk: UPPEAKMAX( ) U-pk: UMPEAKMAX( )

I+pk: IPPEAKMAX( ) I-pk: IMPEAKMAX( )

* To hold the MAX value of Urms, enter URMSMAX () in the equation for the user-defined
function.

One symbol from E1 to E4 () can be entered between the parentheses of these

functions: URMSMAX( ), UMEANMAX( ), UDCMAX( ), URMEANMAX( ), UACMAX( ),

IRMSMAX( ), IMEANMAX( ), IDCMAX( ), IRMEANMAX( ), and IACMAX( ).

* One symbol from E1 to E4 (Z) can be entered between the parentheses of these
functions: PMAX( ), SMAX( ), and QMAX( ).

* One symbol from E1 to E4 (X) can be entered between the parentheses of these
functions: URMSMAX( ) and UMEANMAX( ).

* One symbol from E1 to E3 can be entered between the parentheses of the functions
including and between UPPEAKMAX( ) to IMPEAKMAX( ).

* The maximum values of the data above are held while the MAX hold function is
enabled.

» The values in numeric value lists and transmitted values are also held at their
maximum levels.

Note

*  When MAX hold functions have positive and negative values, the absolute values are

compared to determine the maximum value.
» To reset held maximum values, turn MAX hold off, and then turn it on again.

IM 760201-01E
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5.15 Measuring the Average Active Power

Explanation

The equation for computing the average active power is specified using a user-defined
function as follows:

Integrated power
Elapsed integration time

Average active power =

For example, to determine the average active power of element 1, set the equation of a
user-defined function as follows:

WH(E1)/(TI(E1)*3600)

The unit of Tl values is seconds. For instructions on how to set user-defined functions,
see section 5.13.
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5.16 Selecting What Frequency to Measure

Procedure

Explanation

1. Press SETUP to display the Setup menu.
If the full Setup menu does not appear, proceed to step 2. If the full Setup menu appears,
proceed to step 4.

o A WN

Use the cursor keys to select Details.
Press SET to display the full Setup menu.

Use the cursor keys to select Freq Items.

Only the input signals of installed elements appear.

NS

Press SET to display the frequency selection box.

Press SET to display the Frequency Measure ltems dialog box.

Use the cursor keys to select Frequency1 or Frequency?2.

8. Use the cursor keys to select the input signal that you want to measure the
frequency of.

9. Press SET to confirm the selection.

Setup Menu Setup Menu
4 Wiring 4 Wiring
4 Ranges 4 Ranges
4 Scaling 4 Scaling

4 Sync Source

4 Sync Source

4 Filters

4 Filters

4 update Rate

4 Update Rate

4 Averaging

4 Averaging

4 Integration

[Corite—. |

You can measure two of the input element signal frequencies.

4 Integration

Hide Details

4 Measure

4 User Function

P Freq Items

armonics

4 Delta Measure

-p

Frequency Measure Items

Frequency 1 [ UT ]

Frequency Measure Items ]

Frequency 2 [ I1 ]

Frequency 1 [::1:]55
Frequency 2 [ IT ]

However, on models with the frequency measurement add-on option, the frequencies of
all elements can be measured, so there is no need to set which input signals to measure.
On those models, the Freq Items menu option will not appear when you press SETUP.

Note

» If the frequency measurement is not stable due to noise, try using the frequency filter
explained in section 4.8.

» The frequency cannot be detected if the AC amplitude is small. For information about
detectable frequency levels, see “Accuracy” under “Frequency Measurement” in section
14.6, “Functions.”

» The measured data for the frequencies of input signals whose frequencies are not measured
is displayed as “------- ” (no data).

IM 760201-01E
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5.17 Setting Delta Computation (Optional)

Procedure

Selecting the Target Wiring Unit for Delta Computation
For information about selecting a wiring unit, see section 4.2, “Selecting a Wiring
System.”

(Depending on the wiring system, this operation may not be necessary.)

Selecting a Delta Computation Type

1.

© oA WD

Press SETUP to display the Setup menu.
If the full Setup menu does not appear, proceed to step 2. If the full Setup menu appears,
proceed to step 4.

Use the cursor keys to select Details.

Press SET to display the full Setup menu.

Use the cursor keys to select Delta Measure.

Press SET to display the Delta Measure Settings dialog box.

Use the cursor keys to select Meas Type.
(The menu varies depending on the wiring system.)

Press SET to confirm the selection.

Setup Menu Setup Menu
4 Wiring 4 Wiring Delta Measure Settings
4 Ranges » 4 Ranges » I[Elemenﬂwaw:;lement% I[Elt:glgat?
4 Scaling 4 Scaling
4 Sync Source 4 Sync Source Meas Type t—!
4 Filters 4 Filters AF Mode rms mean dc___r-mean _ ac ”
4 Update Rate 4 Update Rate
4 Averaging 4 Averaging *
4 Integration 4 Integration Delta Weasure Settings
Hide Details Element1 Element2 Element3
4 Measure [ PIW:E 1 [ 12w 1
4 User Function Meas Type
4 Freq Items AF Mode 3p3ub 3v3A

4 Harmonics

pifference|

4 Delta Measure

Selecting a Delta Computation Mode

8. Use the cursor keys to select AF Mode.

9. Press SET to set the delta computation mode to rms, mean, dc, r-mean, or ac.

Delta Measure Settings

Element1 Element2 Element3

[ 1P3W:E 1 [ p2w 1
Meas Type Difierence [ —— 1
AF Mode rms mean dc___r—mean _ ac
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5.17 Setting Delta Computation (Optional)

Explanation

In the normal measurement of U and |, the sum or difference of the instantaneous
values (sampled data) of the voltage or current between the elements assigned to the
target wiring unit for delta computation can be used to determine the measurement
functions, AU and Al. This operation is called delta computation. For information about
the equations involved, see appendix 10. The measurement period is the same as
that described in “Measurement Period” in section 2.2, “Measurement Functions and
Periods.”

Selecting the Target Wiring Unit for Delta Computation

The wiring units for delta computation can only be selected when three input elements
are installed in the WT500 and one of the following wiring system combinations is used:
* Input elements 1 and 2 are set to 1P3W or 3P3W (I).

* Input elements 2 and 3 are set to 1P3W or 3P3W (T).

* Input elements 1, 2, and 3 are set to 3P4W or 3V3A (T).

Selecting the Delta Computation Type
You can select the delta computation type from the choices below. The selectable items
vary depending on the selected wiring system.

Wiring System Selectable delta computation types
1P3W Difference or 3P3W>3V3A

3P3W Difference or 3P3W>3V3A

3P4W Star>Delta

3P3W(3V3A) Delta>Star

» Difference
Computes the differential voltage and differential current between two elements.
When Difference is specified for wiring unit =
AF1rms[Udiff], AF1mn[Udiff], AF1dc[Udiff], AF1rmn[Udiff], AF1ac[Udiff]
AF2rms][ldiff], AF2mn([Idiff], AF2dc[ldiff], AF2rmn[Idiff], AF2ac[ldiff]
* rms, mn, dc, rmn, and ac are delta computation modes (see the next page).

* 3P3W>3V3A
The data of a three-phase, three-wire system (3P3W) is converted to the data of a
three-phase, three-wire system with a three-voltage, three-current method (3V3A).
When 3P3W>3V3A is specified for wiring unit =
AF1rms[Urs], AF1mn[Urs], AF1dc[Urs], AF1rmn[Urs], AF1ac[Urs]
AF2rms][It], AF2mn[lt], AF2dc[lt], AF2rmn[lt], AF2ac[lt]
* rms, mn, dc, rmn, and ac are delta computation modes (see the next page).

R 1 +
C
U
Urs U1i
N
T, S
(12—
o
Gt A
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5.17 Setting Delta Computation (Optional)

Star>Delta

Using the data from a three-phase, four-wire system, the data of a delta connection is
computed from the data of a star connection (star-delta transformation).

AF1rms[Urs], AF1mn[Urs], AF1dc[Urs], AF1rmn[Urs], AF1ac[Urs]

AF2rms[Ust], AF2mn[Ust], AF2dc[Ust], AF2rmn[Ust], AF2ac[Ust]

AF3rms[Utr], AF3mn[Utr], AF3dc[Utr], AF3rmn[Utr], AF3ac[Utr]

AF4rms[In], AF4mn[In], AF4dc[In], AF4rmn[In], AF4ac[In]

* rms, mn, dc, rmn, and ac are delta computation modes.

R I/I‘,l\i
o/ U
U1
Urs +
Utr In
N + +
s u3 (U2
T {ust (BTY U
[Nt
12)
T3 )
Delta>Star

Using the data from a three-phase, three-wire system that uses a three-voltage, three-
current method, the data of a star connection is computed from the data of a delta
connection (delta-star transformation). The center of the star connection is computed
as the center of the delta connection. If the actual center of the star connection does
not match the center of the delta connection, an error results.

AF1rms[Ur], AF1mn[Ur], AF1dc[Ur], AF1rmn[Ur], AF1ac[Ur]

AF2rms[Us], AF2mn[Us], AF2dc[Us], AF2rmn[Us], AF2ac[Us]

AF3rms[Ut], AF3mn[Ut], AF3dc[Ut], AF3rmn[Ut], AF3ac[Ut]

AF4rms[In], AF4mn[In], AF4dc[In], AF4rmn[In], AF4ac[In]

* rms, mn, dc, rmn, and ac are delta computation modes.

+
Qg") uali U1li

In
Ut LN\ Us
s
T L ®
[N dT]
(3)—=
"+

Selecting a Delta Computation Mode
You can select the voltage or current mode to be displayed as delta computation values
from the following:

rms, mean, dc, r-mean, ac

Note

*  We recommend that you set the measurement range and scaling (VT/CT ratio and

coefficients) of the elements that are undergoing delta computation as closely as possible.
Using different measurement ranges or scaling causes the measurement resolutions of the
sampled data to be different. This results in errors.

*  The numbers (1, 2, 3, and 4) that are attached to delta computation measurement function
symbols have no relation to the element numbers. The computation of delta measurement
functions AF1 to AF4 varies depending on the wiring system and the delta computation
type. For details, see appendix 10.

» On models with a single element, this function does not work. Therefore, the setup menus
do not appear.

» If the target wiring system for delta computation is a single-phase, two-wire system (1P2W),
delta computation cannot be performed.
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Chapter 6 Harmonic Measurement (Optional)

6.1 Panel Keys and Se

Chapter

Panel Keys Used in This Chapter

tup Menus Used in This

©nO

(@) (»)

®: Y @,

Select and confirm menu items

Cursor keys 6.2 Changing Numeric Data Display Items

6.2 Changing Numeric Data Display Items

Displays the OTHERS menu
(see below for the contents of the menu)

6.2 Changing Numeric Data Display Items,
6.7 Displaying Bar Graphs and
Making Cursor Measurements

=

_/

Setup Menus Used in This Chapter

6.8 Displaying Vectors

Displays the SETUP menu
(see below for the contents of the menu)

To set a parameter, access its menu by pressing the appropriate panel key.
The setup menus and menu items used in this chapter are shown below, along with the
sections that correspond to their operating instructions.

Setup Menu

4 Wiring

4 Ranges

4 Scaling

SETUP key

4 Sync Source

o) =»

4 Filters

6.6 Setting the Anti-Aliasing Filter

4 Update Rate

4 Averaging

4 Integration

Details...

Hide Details

4 Measure

4 User Function

4 Freq Items

4 Harmonics

6.3 Selecting the PLL Source,

4 Delta Measure

6.4 Setting the Measured Harmonic Orders,

6.5 Selecting a Distortion Factor Equation

Others

Trend

OTHERS key

=) =

Vector

6.7 Displaying Bar Graphs and
Making Cursor Measurements

6.8 Displaying Vectors

IM 760201-01E
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6.2

Procedure

Using the Function Select Menu to Change the Displayed Items

Display Examples

« Single List display

Make sure that the display mode is Numeric.

Changing Numeric Data Display Items

There are four ways that you can change numeric data display items. They are listed
below, along with the page numbers for their corresponding operating instructions.

» By using the function select menu to change the displayed items.

» By selecting displayed items from a menu
* By selecting harmonic orders in ALL display
» By resetting the order of displayed items

Page 6-3
Page 6-5
Page 6-5

You can change the display of wiring units; elements; and functions U, |, P, S, Q, A, ¢,

WP, q, TIME, FU, FI, and n using the function select menu.

Selecting the Item to Change

1. Use the cursor keys to select the item that you want to change. The selected
item is highlighted.
In the Single List and Dual List displays, move the cursor to the center or left of the screen.

Clturrent cursor location

* Dual List display
(.?urrent cursor location

Normal Mode Uovgr:m|m =  Scaling: Linefilt: NULL: YOKOGAWA ¥
Iovdrim|m m  average: Fregjilt:
EB + [SET]: change items
Element1
PLL ut  [or.| WIENTVT hdfi#7or. JOENTVT hdfl] (u1  100v
Freq Error ot. 0.14 L — 11 14
0.00 3.567 Q- 0.01 7.493
Urms1 0.00 v 3 0.01 4.416 | 4 0.01 6.163 Element2.
Irms1 0.0000 A 5 0.01 8.528 | 6 0.02 16.293 ||u2 100v
P1 -0.00 W 7 0.13 93.038 8 0.02 12.220 12 18
s1 0.00 va 9 0.01 7.014 | 10 0.01 3.816
ol 0.00 var| 11 0.00 2.913 | 12 0.01 3.857 Element3.
Al E— 13 0.01 3.684 | 14 0.01 5.288 ||u3 100v
®1 E— 15 0.00 3.301 | 16 0.01 3.902 |13 14
17 0.01 6.348 | 18 0.00 3.373
Uthd1 99.936 « 19 0.00 3.404 | 20 0.02 13.271
Ithd1 99.630 % 21 0.02 12.633 | 22 0.01 3.879
Pthd1 99.565 # | 23 0.00 1.740 | 24 0.00 1.804
25 0.00 2.741 |26 0.00 2.189
27 0.00 2.877 |28 0.00 2.244
[apaGER] 15 29 0.01  3.649 |30 0.00 1.214
31 0.00 2.139 | 32 0.01 4.250
33 0.00 2.376 | 34 0.01 4.018
35 0.00 1.169 | 36 0.00 3.204 | _Intey:Reset.
37 0.00 2.092 | 38 0.00 1.412 "nme 7
39 0.00 1.452 | 40 0.00 2.198 it bt bl
[EPace=] 1-2
Update 10613(500msec) 2008-05-08 17:34:24

Normal Mode Uover :m|m m  sScaling:™ LineFilt:= NULL:= YOKOGAWA 4
lover :m|m m  aAyerage:m FregFilt:m
EB + [SET| : change items
Element1
PLL ut  [lor ] WIENTVT haflxT | 11 [AT hdflx1 | [u1 300v
Freq Error ot. 0.07 0.005 11 40A
dc
Urms1 0.00 v 0.000 7.638 Element2.
Irms1 0.000 A 2 0.01  8.324 0.000 5.387 uz 100v
P1 —0.000kw 3 0.01 6.961 0.000 3.478 12 104
s1 0.000kva | 4 0.01 16.902 0.000 1.831
[e}] 0.000kvar[ 5 0.01 15.212 0.000 4.989 Element3.
Al Error 6 0.01 13.315 0.000 3.328 u3 150v
o1 Error 7 0.02 25.941 0.000 7.974 13 40a
8 0.02 20.742 0.000 6.766
uthd1 98.857 9 0.01 12.278 0.000 4.205
Ithd1 99.708 % 10 0.01 12.675 0.000 4.553
Pthd1 131.809 =z |11 0.02 20.932 0.000 7.745
12 0.00 4.534 0.000 8.233
13 0.01 13.422 0.000 7.376
[=PaGE=] 15 14 0.00  5.600 0.001  9.675
15 0.01 7.281 0.000 8.077
16 0.01 11.604 0.000 D0.704
17 0.01 16.895 0.001 10.377 Intey:Reset.
18 0.01 14.291 0.000 D0.868 Time
19 0.01 7.040 0.000 5.926 it et
20 0.00  4.422 0.000 8.675
[apaceE[] 13
Update 15(500msec) 2008-05-08 17:32:54

Changing a Measurement Function

2. Press SET to display the function select menu.

3. Use the cursor keys to select a group of measurement functions you want to
display from U/I/P, S/Q/\/¢, WP/q/Time, FU/Fl/v, and rms/mean/dc/rmean/ac.

4.

Press SET. For example, if U/I/P is selected, the measurement function that is

displayed switches in this order each time you press SET: U > [ > P,

When the display mode is set to Single List or Dual List, only the measurement functions
that contain harmonic order data can be selected. Press U/I/P to select U, |, or P. Press
S/Q/N¢ to select S, Q, A, ¢, pU, or ¢l.
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6.2 Changing Numeric Data Display Items

Changing an Element or Wiring Unit

5.
6.

Use the cursor keys to select Element.

Press SET to select an element or wiring unit. Each time you press SET, the
selected element or wiring unit changes in this order: 1>2>3 > 3.

Change Item

Element

u- 1P

S/0AP

WP/ g/ TIME

FU-FI-%

rms/mean/de
#rmeansac

This ends the description of how to change displayed items using the function select menu.

Selecting Displayed Items from a Menu

1.

Press ITEM to display the Numeric menu.

e Selecting the Iltem to Change

2.
3.
4.
5.

Use the cursor keys to select Item No.
Press SET to display the Item No. selection box.
Use the cursor keys to select the item that you want to change.

Press SET or ESC to confirm the selection.

e Changing a Measurement Function

6.
7.
8.

Use the cursor keys to select Function.
Press SET to display the measurement function selection box.

Use the cursor keys to select a measurement function from the list (which starts
with None).

Press SET or ESC to confirm the function selection. The symbol and numeric
data for the selected measurement function appear in the highlighted area.

In the Single List and Dual List displays, only the measurement functions that contain
harmonic order data can be selected. (U, |, P, S, Q, &, ¢, ¢U, ¢l)

IM 760201-01E
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6.2 Changing Numeric Data Display Items

Changing an Element or Wiring Unit

10. Use the cursor keys to select Element/z.

11. Press SET to display the element or wiring unit selection box.

12. Use the cursor keys to select an element or wiring unit from the list (which starts
with Element1).

13. Press SET or ESC to confirm the selection. The element number or wiring
unit symbol for the selected element or wiring unit appears along with its
corresponding numeric data in the highlighted area.

Numeric (4D

Numeric (4)

Item NHo.

«[CT»

Function

Element-/Z

[ElementT | | wapp

Order

Reset Items
Exec

AN
Function
- Urms
Element = F8 lement /S
- [utk) ]
(k)
Order 1k order
Pek)
S(k)
(k)
Reset Items ka set Items
Exec =) Exec
L

Numeric (4]

Item No.

Changing a Harmonic Order

14. Use the cursor keys to select Order.

15. Press SET to display the harmonic order selection box.

16. Use the cursor keys to select a harmonic order.

Numeric (4

Item No.
(L

Function

Element/Z

Element2
Elementd

17. Press SET or ESC to confirm the selection. The selected harmonic order appears
along with its corresponding numeric data in the highlighted area. This ends the

description of how to change displayed items using the menu.

You do not need to set harmonic orders in the Single List or Dual List displays.

Numeric (8

Numeric (8)

Item No.
«CTI»

Function

Element-/Z

Order

Reset Items
Exec

Item No.
»

Function

Element-=

Reset Items
Exec
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6.2 Changing Numeric Data Display Items

Selecting Harmonic Orders in the ALL Display
1. Press PAGE to display the harmonic order data page (page 6).

2. Press ITEM. The Numeric(ALL) menu appears.
3. Press SET to display the harmonic order selection box.
4. Use the cursor keys to select a harmonic order.
5. Press SET or ESC to close the harmonic order selection box.
Present harmonic
Normal Mode Uoveri= = = Scaling: LineFilt: NULL:  YOKOGAWA # Numeric CALL)
Tover:m = =  jyerage: FreqFilt
Numeric (ALL)
k = El t1 El t2 El 13 PE Order (k)
= I3 emen’ emen’ emen’ rder
Voltage ( 100v 100v 100v -
Current 14 14 14
Urms [v 1 0.00 0.00 0.00 F
Irms [a 1 0.0000 0.0000 0.0000 ]
P w 1 —0.00 0.00 —0.00 E
s ya 1 0.00 0.00 0.00 i
Q [varl 0.00 0.00 0.00 m
AL A
& ro1 E
fu [Hz 1 Error - -
O T 44— — 2 ->
_IJ(k) v 1 ‘
(k> [a 1 E
PlkY [w 1 o]
s(k) [ya 1 8
alk) Lvarl o
A L] =
o) [+ 1 ¥
kIl 1
eIkl 1
IJEdate 4549 (500msec)

Harmonic measurement functions

Resetting the Displayed Item Order (In any display other than ALL, Single
List, or Dual List)

1. Press ITEM to display the Numeric menu.

2. Use the cursor keys to select Reset Items Exec.

w

Press SET. An Alert dialog box appears.

(jeuondQ) Juswainsesyy sluowLIeH

E

Use the cursor keys to select OK.

o

Press SET. The order of every display item on every page will be reset.
If you do not want to reset, select Cancel and press SET.

Numeric (4]

Item No.

AT

Alert

Function

Really
Element-= . . PR
» The order of 4 items will be initialized.

Do you want to execute?

Order
oK

Reset Items
Exec
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6.2 Changing Numeric Data Display Items

Explanation

The ways in which displayed items can be changed varies depending on the Numeric
Form (number of displayed items) as described below.

Number of Displayed Items

Changing the Displayed Items

4 Items,8 Items,16 Items

No limitations

Matrix

No limitations

ALL Items

The displayed item cannot be
changed independently. Scroll
through the pages or use the
cursor keys to change the
displayed items.

A harmonic order can be selected
for the harmonic order data
displayed on page 6.

Measurement function display
(left side of the screen)

Single List or

The displayed item cannot be
changed independently. Scroll
through the pages or use the
cursor keys to change the
displayed items.

Dual List

Harmonic order data display
(right side of the screen)

Only measurement functions that
contain harmonic order data can be
selected.

(U, I, P, S, Q1 ¢, $U, and ¢l)

When the Numeric Form (Number of displayed items) is Set to 4 ltems, 8
Items, 16 Items, or Matrix

Changing a Measurement Function

The items described in section 2.2, “Types of Harmonic Measurement Functions,” can

be selected.

You can also choose not to display a measurement function (None).

Changing an Element or Wiring Unit

You can select the element/wiring unit from the choices below. The selectable items
vary depending on the number of elements installed in the WT500.

Element1, Element2, Element3, and =

Changing a Harmonic Order

The harmonic order can be set to Total or from dc (0th) to the 50" harmonic.

When Numeric Form (Number of displayed items) Is Single List or Dual
List
Harmonic order data can be displayed (on the right of the screen) using one of two kinds
of lists. In Single List, the data of List Item No.1 is listed in two columns. In Dual List, the
data of List ItemNo. 1 is listed in one column, and the data of List temNo. 2 is listed in
another column.

You can select 1 or 2 as the list item number.

Changing a Measurement Function

The following measurement functions can be changed.

(U, I,P,S, Q% ¢, U, ¢l)

Changing an Element or Wiring Unit

Same as “When the Numeric Form (Number of displayed items) is Set to 4 ltems, 8

ltems, 16 Items, or Matrix” on the previous page.
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6.2 Changing Numeric Data Display Items

Note

For information about measurement function symbol meanings, see section 2.2, “Types of
Harmonic Measurement Functions.”

------- " or space is displayed if a measurement function is not selected or if there is no
numeric data.

The measured harmonic minimum value determined in section 6.5 (MinOrder) and the
maximum harmonic order value determined automatically based on the PLL source
frequency (see section 6.9 for details) determine the range of harmonics from which numeric
data is determined. No numeric data is displayed for harmonic orders outside of this range.
Harmonic orders to Total or from dc (Oth) to the 50" harmonic can be displayed. However,
only the data of harmonics up to the maximum harmonic order value determined
automatically based on the PLL source frequency (see section 14.6 for details) is measured.
If the analysis window width (number of cycles of the fundamental signal) that is determined
by the fundamental frequency is shorter than the data update interval, harmonic data is not
measured, and “------- ” (no data) is displayed. If this happens, decrease the data update
rate. For example, if the fundamental frequency is 10 Hz (100-ms cycle), the analysis
window width is 1 wave (see section 14.6 for details), and the data measurement interval

is 100 ms. In this case, the time required for harmonic measurement is approximately 150
ms or greater (data measurement interval + data processing time). To measure and display
harmonic data, set the data update rate to a value greater than or equal to 200 ms.
Overload (“-OL-") and zero are not displayed for harmonic orders from dc (0" order)

to 50. For information about the display of zero and the overload indication in normal
measurement, see section 5.2.

If the power factor ) is greater than 1 and less than or equal to 2, ) returns 1. ¢ returns
zero.

If A is greater than 2, A and ¢ return errors (“Error” is displayed).

IM 760201-01E
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6.3 Selecting the PLL Source

Procedure

1. Press SETUP to display the Setup menu.
2. Use the cursor keys to select Harmonics.
3. Press SET to display the Harmonics Settings dialog box.
4. Use the cursor keys to select PLL Source.
5. Press SET to display the PLL source selection box.
6. Use the cursor keys to select a PLL source.
7. Press SET to confirm the selection.
Setup Menu Setup Menu
4 Wiring 4 Wiring
4 Ranges 4 Ranges Harmonics Settings Harmonics Settings
4 Scating { scaling PLL Source [ UT ] PLL Source
4 Sync Source 4 Sync Source .
* * Measured Min Max » Measured
4 Filters 4 Filters Order a0 ] order
4 update Rate 4 Update Rate Thd Formula Thd Formula
4 Averaging 4 Averaging
4 Integration 4 Integration
4 Measure
4 User Function
4 Freq Items
4 Harmonics
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6.3 Selecting the PLL Source

Explanation

You can select a PLL (Phase Locked Loop) source to use to determine the fundamental
period, which acts as the reference in the analysis of the harmonic orders.

Selecting the PLL Source
Select the PLL source from the choices below. The selectable items vary depending on
the number of elements installed in the WT500.
U1, 11, U2, 12, U3, I3, and Ext Clk (external clock)’
* If you select “Ext CIk,” harmonic measurement is performed using the frequency of the signal
applied to the external clock input connector as the fundamental frequency.

When Setting the PLL Source to Ext Clk
Apply a clock signal that meets the following specifications to the external clock input
connector (EXT CLK) on the rear panel.

EXT. CLK

Item Specification

Connector type BNC connector

Frequency 10 Hz to 1.2 kHz

Input level TTL

Input waveform 50% duty ratio rectangular wave
CAUTION

Applying a voltage outside of the range of 0 to 5 V to the external clock input
connector (EXT CLK) can damage the WT500.

Nofte

* The synchronized measurement slave setting and the PLL source Ext Clk setting cannot
be made at the same time because they both use the same connector (see section 12.6 for
information about synchronized measurement).

« To connect a BNC cable to the external clock input/external start signal output connector
(EXT CLK) when a GP-IB cable is connected to the GP-IB connector, first remove the GP-IB
cable. Then connect the BNC cable. Finally, reconnect the GP-IB cable.

« Select a signal that has the same period as the target signal for harmonic measurement.
For stable harmonic measurement, choose an input signal for the PLL source that has as
little distortion and fluctuation as possible. If the fundamental frequency of the PLL source
fluctuates or if the fundamental frequency cannot be measured due to waveform distortion,
correct measurements will not be obtained. When the measured item is a switching power
supply and in other cases where the distortion of the voltage signal is smaller than that of
the current signal, we recommend that the PLL source be set to the voltage.

If all of the input signals are distorted or the amplitude is small compared to the
measurement range, the specifications may not be met. To achieve accurate measurements
on high harmonics, set the PLL source to an external clock signal and apply a signal with
the same period as the input signal to the external clock input connector.

« If the fundamental frequency is less than or equal to 440 Hz and the signal contains high
frequency components, we recommend that you turn the frequency filter on. This filter is
only effective on the frequency measurement circuit.

« If the amplitude level of the signal applied to the element that is specified as the PLL source
is small compared to the range, PLL synchronization may not be achieved. If the crest factor
is set to 3, set the measurement range so that the amplitude level of the PLL source is at
least 50%. If the crest factor is set to 6, set the measurement range so that the amplitude
level of the PLL source is at least 100%.

» If the frequency of the PLL source changes, correct measured values are displayed a few
data updates after the change. Correct measured values may not be obtained immediately
after the PLL source or its frequency changes, because the PLL circuit inside the WT500
redetects the frequency.

* The synchronized measurement slave setting and the PLL source Ext Clk setting cannot be
made at the same time because they both use the same connector.

IM 760201-01E
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6.4 Setting the Measured Harmonic Orders

Procedure

Selecting the Minimum Harmonic Order to Measure

Setting the Maximum Harmonic Order to Measure

1. Press SETUP to display the Setup menu.
If the full Setup menu does not appear, proceed to step 2. If the full Setup menu appears,

proceed to step 4.

o A WN

Use the cursor keys to select Details.
Press SET to display the full Setup menu.

Use the cursor keys to select Harmonics.

Press SET to display the Harmonics Settings dialog box.

6. Use the cursor keys to select Min next to Measured Order.
7. Press SET to select 0 or 1.

8. Use the cursor keys to select Max next to Measured Order.

9. Press SET to display the harmonic order entry box.

10. Use the cursor keys to select the maximum harmonic order to measure.

11. Press SET or ESC to close the harmonic order entry box.

Setup Menu Setup Menu
4 Wiring 4 Wiring
4 Ranges 4 Ranges Harmonics Settings Harmonics Settings
4 Scaling 4 scaling

4 Sync Source

4 Sync Source

4 Filters

4 Filters

4 Update Rate

4 update Rate

4 Averaging

4 Averaging

4 Integration

[Coetains |

4 Integration

Hide Details

4 Measure

4 User Function

Delta mMeasure

IPLL source [ UT ]

Measured Min

Max
Order 01 50

Thd Formula

PLL Source [ UOT ]

Measured Min = -
order ]
Thd Formula
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6.4 Setting the Measured Harmonic Orders

Explanation

The harmonic measurement range can be specified. The harmonic orders specified here
are used to determine the numeric data of the distortion factor. For information about how
the distortion factor is determined, see section 14.4.

Selecting the Minimum Harmonic to Measure
You can select the minimum harmonic order to be measured from one of the choices

below.
« 0O:

The 0" order (DC) component is included when numeric harmonic waveform
data is determined.

The 0™ order (DC) component is not included when numeric harmonic waveform
data is determined. The 15! order (fundamental signal) is the first component
used.

Setting the Maximum Harmonic Order to Measure
You can select a harmonic order from 1 to 50.

Note

.

If the minimum harmonic order to measure is set to 1, the data of the DC component is not
included when determining the distortion factor.

Overload (“-OL-") and zero are not displayed for harmonic orders from dc (0" order)

to 50. For information about the display of zero and the overload indication in normal
measurement, see section 5.2.

You can set the maximum harmonic order up to the 50th order, but the maximum harmonic
order that is actually used to determine numeric data is the upper limit of harmonic analysis.
The upper limit of harmonic analysis is either set to an automatically determined value or
to the value that you set, whichever is smaller. It can go up to the 50th harmonic order. The
numeric data corresponding to harmonic orders exceeding the upper limit is displayed as
------- " (no data).

IM 760201-01E

6-11

(jeuondQ) Juswainsesyy sluowLIeH n



6.5 Selecting a Distortion Factor Equation

Procedure

1. Press SETUP to display the Setup menu.
If the full Setup menu does not appear, proceed to step 2. If the full Setup menu appears,
proceed to step 4.

2. Use the cursor keys to select Details.
3. Press SET to display the full Setup menu.
4. Use the cursor keys to select Harmonics.
5. Press SET to display the Harmonics Settings dialog box.
6. Use the cursor keys to select Thd Formula.
7. Press SET to display the distortion factor equation selection box.
8. Use the cursor keys to select 1/Total or 1/Fundamental.
9. Press SET to confirm the selection.
Setup Menu Setup Menu
4 Wiring 4 Wiring Harmonics Settings
4 Ranges 4 Ranges PLL Source [ U1 ]
4 Scaling 4 Scaling )
Measured Min Max
4 Sync Source 4 Sync Source Order 30 ]
4 Filters 4 Filters Thd Formula
4 Update Rate 4 Update Rate
4 Averaging 4 Averaging *
4 Integration 4 Integration Harmonics Settings
4 Measure Measured Min Max
4 User Function Order
4 Freq Items Thd Formula -
B 1-/Total
4 Harmonics ' ‘
1/Fundamental

Explanation

When determining the harmonic measurement functions Uhdf, Ihdf, Phdf, Uthd, Ithd, and
Pthd, you can select to use one of the denominators described below as the denominator
for the equation. For more information about the distortion factor equations, see appendix
1.
* 1/Total
The denominator is the measured data of all orders from the minimum measured
order (0 or 13!) to the maximum measured order (within the upper limit of harmonic
analysis).

* 1/Fundamental
The denominator is the data of the fundamental signal component (15t order).

Nofte

The minimum and maximum harmonic orders to be measured are the values selected in

section 6.3.
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6.6

Setting the Anti-Aliasing Filter

Procedure

When making harmonic measurements, the line filter is used as an anti-aliasing filter.

Selecting a Line Filter
1.

NS oA

Press SETUP to display the Setup menu.

Use the cursor keys to select Filters.

Press SET to display the Filter Settings dialog box.

Use the cursor keys to select the Line Filter of the element that you want to set.

Press SET to display the cutoff frequency selection box.

Use the cursor keys to select a cutoff frequency.

Press SET to confirm the selection.
If any of the measured elements is set to a setting other than OFF, the LineFilt indicator at
the top of the screen lights.

Setup Menu

4 Wiring

4 Ranges

4 Scaling

4 Sync Source

Filter Settings

Element1
Element2
Element3

Line Filter

4 Filters

! Update Rate

4 Averaging

4 Integration

Details...

Element1
Element2
Element3

Freq Filter

IM 760201-01E
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6.6 Setting the Anti-Aliasing Filter

Explanation

When taking the FFT by performing A/D conversion on a repetitive waveform, a
phenomenon occurs in which frequency components that exceed half the frequency
of the sampling frequency are detected as low frequency components. This is called
aliasing.

Aliased signal Input signal Sampled points

Aliasing causes problems such as increased errors in measured values and incorrect
measurements of the phase angles on each harmonic. An anti-aliasing filter is used
to prevent aliasing and eliminate high frequency components that are irrelevant to the
harmonic measurement.

For example, when measuring an input signal with a fundamental frequency of 50 Hz up
to the 50™ order, the frequency of the 50" order is 2.5 kHz. Thus, a 5.5-kHz anti-aliasing
filter is used to eliminate high frequency components that are greater than or equal to
approximately 5 kHz, which are irrelevant to harmonic measurement.

The WT500 uses the filer used as a line filter in normal measurement as an anti-aliasing
filter in harmonic measurement.

Selecting an Anti-Aliasing Filter (Line Filter)

* You can select from one of the following cutoff frequencies.
OFF, 500 Hz, and 5.5 kHz

+ If any of the measured elements is set to a setting other than OFF, the LineFilt
indicator at the top of the screen lights.

» Selecting OFF disables the anti-aliasing filter (line filter).
The accuracy and the upper limit of the measurement bandwidth change when the
anti-aliasing filter (line filter) is turned ON. For details, see section 14.6.

Nofte

» The anti-aliasing filter (line filter) setting is common to all measurement functions.
The filter setting does not change for different measurement functions.

* Accuracy may not be defined depending on the measurement function. For example,
the harmonic measurement in normal measurement mode assumes 50/60 Hz for the
fundamental frequency. In this case, a 500-Hz anti-aliasing filter (line filter) would eliminate
frequency components that are greater than or equal to 10" order, and would thus not be
appropriate. Therefore, accuracy is not defined for the 500-Hz line filter.

» If you select 500 Hz as the cutoff frequency, the anti-aliasing filter (line filter) is turned on
automatically, and the FreqgFilt indicator lights.
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6.7 Displaying Bar Graphs and Making Cursor
Measurements

Procedure

Displaying a Bar Graph
1. Press OTHERS to display the Others menu.
2. Use the cursor keys to select Bar.

3. Press SET to confirm the selection.

Others

Trend

|: m I
&
2

Vector

Changing a Measurement Function
4. Press ITEM to display the Bar Items menu.

5. Use the cursor keys to select the Function of the bar graph (Graph1 to Graph3)
that you want to set.

6. Press SET to display the measurement function selection box.
7. Use the cursor keys to select a measurement function.

8. Press SET. The symbol for the selected function is displayed on the screen along
with its bar graph.

Changing the Graphed Element

9. Use the cursor keys to select the Element of the bar graph (Graph1 to Graph3)
that you want to set.

10. Press SET to display the element selection box.
11. Use the cursor keys to select an element.

12. Press SET. The bar graph for the selected element appears on the screen.

Bar Items Bar_Items Bar_Items
Function  Element Function  Element Function  Element

Grapht [0 ] - | ] Grapht [0 |

Graphz [T ] -> Graphz [T &
Graph3 [P ] Graph3 [P
Element2

Element3
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6.7 Displaying Bar Graphs and Making Cursor Measurements

Selecting the Number of Bar Graph Display Split Screens
13. Press FORM to display the Bar Form menu.
14. Use the cursor keys to select Format.

15. Press SET to display the split screen number selection box.

16. Use the cursor keys to select the number of split screens from Single, Dual, or

Triad.

+ If you select Single, the bar graph assigned to Graph1 appears.

+ If you select Dual, the bar graphs assigned to Graph1 and Graph2 appear.
+ If you select Triad, the bar graphs assigned to Graph1 to Graph3 appear.

17. Press SET. The selected bar graphs appear on the screen.

Bar Form | Bar Form

Format

start Order

End Order

Setting the Bar Graph Display Range

(The difference between the starting harmonic order and the ending harmonic order must

be greater than or equal to 10.)
e Setting the Starting Order
18. Use the cursor keys to select Start Order.
19. Press SET to display the starting harmonic order selection box.

20. Use the cursor keys to set the bar graph starting order.

21. Press SET or ESC to close the the starting harmonic order entry box.

e Setting the Ending Order
18. Use the cursor keys to select End Order.
19. Press SET to display the ending harmonic order selection box.
20. Use the cursor keys to set the bar graph ending order.

21. Press SET or ESC to close the ending harmonic order selection box.

Bar Form Bar_Form Bar Form
Format Format Format

Start Order

Start Order
T

End Order
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6.7 Displaying Bar Graphs and Making Cursor Measurements

Measuring with Cursors
4. Press SHIFT+FORM(CURSOR) to display the Cursor menu.

Selecting Whether or Not to Use Cursor Measurement

5. Use the cursor keys to select Bar Cursor.

6. Press SET to select ON or OFF. If you select ON, the results of cursor

measurement are displayed.

Moving the Cursors

7. Use the cursor keys to select Position C1 + or Position C2 x.

8. Press SET to display the cursor position selection box for Position C1 + or

Position C2 x.

9. Use the cursor keys to set the position in terms of the harmonic order.
» Select Position C1 + to move the position of cursor +.
» Select Position C2 x to move the position of cursor x.

10. Press SET or ESC to close the cursor position selection box.

Linking Cursors

11. Use the cursor keys to select Linkage.

12. Press SET. The linkage indicator lights and the cursor settings are linked.

When Linkage is enabled, the distance between cursor + and cursor x is maintained. When

you change the position of one cursor, the position of the other cursor also changes.

cursor

cursor

cursor

cursor

Bar Cursor

Position
cl+

c2xX[ 15 ]
[@) Linkage

Bar Cursor

[@) Linkage

Bar Cursor

Bar Cursor

[OoFF __on |

[oFF __on ]

Position

->

Position
c1+

c2xX [ 15 ]
(®] Linkage

Linkage indicator
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6.7 Displaying Bar Graphs and Making Cursor Measurements

Explanation

A display example is shown below. When the displayed measurement functionis U, |, P, S,
or Q, the vertical axis is in logarithmic scale. The words “log Scale” appear at the top of
the screen.

Harmonic order range

<log Scale> of the displayed bar graph
U or |, for voltage or current;

the element number; and the upper ~ —= 7" =& T T
limit of the displayed bar graph

U or I, for voltage or current;
the element number; and the lower —
limit of the displayed bar graph

Changing a Measurement Function
The following measurement functions can be changed.
(U, 1,P,S,Q, A, ¢, dU, ol)

Changing an Element
You can select an element from one of the choices below. The selectable items vary
depending on the number of elements installed in the WT500.

Element1, Element2, and Element3

Selecting Which Bar Graphs to Display
There are three bar graphs. You can set which bar graphs are displayed (from Graph1 to
Graph3) by changing the number of split screens in the bar graph display.

Note

« If a value is negative on the log scale, its absolute value is displayed with a red bar graph.

« If the analysis window width (number of cycles of the fundamental signal) that is determined
by the fundamental frequency is shorter than the data update interval, bar graphs are not
displayed. If this happens, decrease the data update rate. The details are the same as with
harmonic data. For more information, see the “Note” part of section 6.2.
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6.7 Displaying Bar Graphs and Making Cursor Measurements

Setting the Bar Graph Display Range

The bar graph display range is set in terms of harmonic orders.

The display ranges of Graph1 to Graph3 are the same.

The minimum harmonic order is 0 (DC). However, if the measurement function is set
to ¢, oU, or ¢l, the 0" order has no value. Thus, the 0™ order is not displayed in the
bar graph.

If the measurement function is set to ¢U or ¢l, the 15t order has no value. Thus, the 15t
order is not displayed in the bar graph.

The maximum settable harmonic order is 50. However, bar graphs of orders that
exceed the upper limit of harmonic analysis (see section 6.4 for details) are not
displayed.

Cursor Measurement

ON/OFF

A cursor can be placed on the displayed bar graph to measure the value at that point.
* ON: Cursor measurement is performed.

* OFF: Cursor measurement is not performed.

Measured Items

* Y1+: Y-axis value of cursor + of bar graph 1

* Y1x: Y-axis value of cursor x of bar graph 1

* AY1: Difference between the Y-axis values of cursor + and cursor x of bar graph 1
* Y2+: Y-axis value of cursor + of bar graph 2

* Y2x: Y-axis value of cursor x of bar graph 2

* AY2: Difference between the Y-axis values of cursor + and cursor x of bar graph 2
* Y3+: Y-axis value of cursor + of bar graph 3

* Y3x: Y-axis value of cursor x of bar graph 3

» AY3: Difference between the Y-axis values of cursor + and cursor x of bar graph 3

Moving the Cursors

» Two cursors (+ and x) are displayed in each graph (Graph1 to Graph3).

» The cursor positions are set by harmonic order.

* The bar graph display indicates what harmonic order each cursor is located in. For
example:

» The location of cursor + is indicated in this format: “order+:2.”

* The location of cursor x is indicated in this format: “orderx:45.”

» Cursors + and x are located in the same harmonic orders in each graph (Graph1 to
Graph3).

Nofte

If immeasurable data exists, “***” is displayed in the measured value display area.
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6.8 Displaying Vectors

Procedure
Displaying Vectors
1. Press OTHERS to display the Others menu.
2. Use the cursor keys to select Vector.

3. Press SET to confirm the selection.

Others

Trend

vector

Selecting Whether or Not to Display Numeric Data
4. Press FORM to display the Vector Form menu.
5. Use the cursor keys to select Numeric.
6. Press SET to select ON or OFF.

Setting a Vector Zoom

7. Use the cursor keys to select U Mag or | Mag.
» Select U Mag to zoom the vectors of the fundamental voltage signals U(1) of the
elements that subject to harmonic measurement.
+ Select | Mag to zoom the vectors of the fundamental current signals I(1) of the elements
that are subject to harmonic measurement.

8. Press SET to display the zoom factor entry box.
9. Use the cursor keys to set the zoom factor.

10. Press SET to confirm the selection.

Vector Form Vector Form vector Form
Numeric Numeric Numeric
U Mag » » U Mag
[—7.000] 1.00] [_1.000]
1 Mag
[ [T.o0m] 1.00Q
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6.8 Displaying Vectors

Explanation

The phase and size (rms value) relationship between the fundamental signals U(1) and
I(1) of each element in wiring unit £ can be displayed using vectors. The positive vertical
axis is set to zero (angle zero), and the vector of each input signal is displayed.

Note

If the analysis window width (number of cycles of the fundamental signal) that is determined by
the fundamental frequency is shorter than the data update interval, vectors are not displayed. If
this happens, decrease the data update rate. The details are the same as with harmonic data.
See the “Note” part of section 6.2.

Turning the Display of Numeric Data On or Off

You can select whether or not to display numeric data (by selecting ON or OFF). The
signal sizes and the phase differences between the signals can be displayed along with
the vector display. For information about phase difference display formats, see section 5.5.

Setting the Vector Zoom Factor

The size of the vectors can be changed.

» The zoom factor can be set in the range of 0.100 to 100.000.

* You can specify separate zoom factors for the fundamental signals U(1) and I(1).

Note

If all the wiring systems are single-phase, two-wire (1P2W) or if you are using the single input
element model, the wiring unit ¥ does not exist. Therefore, nothing is displayed in the vector
display.
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6.8 Displaying Vectors

Vector Display Examples
When Displaying Numeric Data

(of the sizes of the signals and the phase differences between signals)

For a 3P4W
(three-phase, four-wire system)
* U1(1), U2(1), and U3(1) are
line voltages.
* 11(1), 12(1), and 13(1) are
line currents.

For a 3P3W system with

* U1(1), U2(1), and U3(1) are
line voltages.

currents.

Size of the peripheral circle (range)

4606V 6600 U
Wiring = 3p4u 1.500 A u1(1)  30.85 v Wiring = 3P3WCN3IIT 3.000 A
PLL Src = ut i I161) 11984 A PLL Src = ut i
Frequency= 39.952 Hz PICIY 12,64 W Frequency= 29:959 Hz i
U2 =119.54 ° S101) 36.97 vA 12 =60.62 ° i
1-U3 = 238.39 ° Q1(1)  -34.74 var 103 = 299.70 7 i
ul-11 =70.0 ATC1) 0.3419 wi-11 = 45.75 ° !
fu1-12 7 = 190 E 1-12. = 164:75 7 1

W1-13

SU1-13 = 308.94°% = 284.64 °

U3, 24316 v

U3 _.>50.39 v u2() 29593 v

130 1.1850 & 1201 11727 137 1.2872 a
PICD 11299 W Sp2C Tt W T eI S3Edw
$3(1)  36.0%.va s201)." 35.10 va $3(1)  55.55 vA
03(1)  -33.96 var 02(1)  -33.09 var Q3(1)  14.43 var
AZCD 03330 A201)  0.3335 A301)  0.9657

$U1-U3

When the vector size is zoomed
Example in which the voltage is zoomed
by a factor of 2 and the current by a factor of 1/2

0

6000 U ..
Wiring = 3P3W(3y3A) T 3.000 A U101 42,48 v wiring = 3P3W(3v3RY
PLL Sre = uf i 161)  1.2761 A PLL Src = ut
Frequency= 29:959 Hz i P11~ 3783 W Frequency= 29:959 Hz i
W-uz = 60.62 ° i S101) "54.21 va U1-U2 = 60.62 ° i
QuUI-u3 = 299.70 ° i Q1(1)  -38.83 var  QUI-U3 = 299.70 ° i
QUI-I1 = 45.75 ° ! AT 0.6978 ul-11 <= 45.75 ° i
WI-12 7 = 164.75 ° | k U1-12 = 164:75 ° !
= 284.64 ° WI-1F = 284.64 ° !
. i

UI-13

—

- \\ B g //
w3 4316 v u201) 43700V u3C1)_ 4316 v
1301 1.2872 A 1201 1:26037 8. 1301 1.2872 &
P31 5364 W p2(1) =13.23 w ™ £301) 53.64 W
s3(1)  55.55.va 520(1).7 54.19 va §301)  55.55. v
Q3 14.43 var Q201)  -52.95 var Q301 14.43 var
A3C1) 0.9657 A201)  -0.2411 A3 0.9657

Ao.0b-u 4{///

a three-voltage, three-current method

« (1), 12(1), and 13(1) are line

12(1)

For a 3P3W

(three-phase, three-wire system)

* U1(1), U2(1), and U3(1) are line
voltages.

* 11(1), 12(1), and 13(1) are line
currents.
However, U3(1) and 13(1) are not
actually
measured for the 3P3W system.
The vectors
are displayed tllgtgygh computation.

L1 42.48 v Wiring = 3P3W 3.000 A U1 42,57 ¥
e 1.2761 A PLL Sre = ul i 1) 1.2803 a
P1(1Y. 37.83 W Frequency= 29.986 Hz i P1C1) 39.51 W
S101) 54.21 va wi-uz i S101) "-54.50 vA
@101y -38.83 var Wi-Uk i @1(1)  -37.55 var
ARG 0.6978 dui-11 i MG 0.7248

3 QUI-12: = 164.73 ° ! .
Wi-Tk =
DS . i S
o . -
~ w s Sl S
U201y 43700 v o Ul 42T
12(1)  1:2603 A g 1201)  1.30077A
P201)  =13.23 W - P2(1) 1342 W T
201 54.19 VA s201).-" 54.95 va
201} -52.55 var 0201 -53.28 var
LoR201) 02441 SAZCN) 02443

* By moving the vectors U1(1), U2(1), and
U3(1) so that the starting points of all
vectors are at the origin O, the phase
relationship can be observed in the same
fashion as the 3P4W system. For
information about the relationship between
the positions of the vectors after they have
been moved, see "Vector Display of
Harmonic Data" in section 7.1. (The WT500
does not provide a function for moving the
vectors.)

The phase difference between the line
voltages can be determined from the phase
difference measurement functions ¢U1 - U2
and ¢U1-U3.

$U1 - U2 = Measurement function ¢U1 - U2
$U2 - U3 = (U1-U3) — (pU1 - U2) — 180

$U3 - U1 =— (¢U1-U3)

The value of the size of the peripheral circle

u201)
1201
p201)
s201),
Q261
A2(1)

(range)

The sizes of the vectors representing
voltage and current are multiplied 2 times
and 1/2 times, respectively.

0.6978
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Chapter 7 Waveform Display

7.1 Panel Keys and Setup Menus Used in This
Chapter

Panel Keys Used in This Chapter

©nO

(<4 ) (») —— Select and confirm menu items
Cursor keys

®: Y @,

7.2 Displaying Waveforms

Displays the FORM menu
(see below for the contents of the menu)
7.3 Selecting Which Waveforms to Display

7.6 Vertically Zooming and Shifting
Waveforms

7.9 Measuring with Cursors

_/

Setup Menus Used in This Chapter

To set a parameter, access its menu by pressing the appropriate panel key.
The setup menus and menu items used in this chapter are shown below, along with the
sections that correspond to their operating instructions.

Wave Form
Format
7.7 Displaying Waveforms in Split Screens
Timesdiv
7.4 i he Time Axi
FORM key Setting the Time Axis
T
=> 7.5 Setting the Trigger
4 Display . . .
settings 7.8 Selecting a Graticule and Turning
Interpolation, Scale Value Display,
{ Wave and Wave Labels On or Off
Mapping
SHIFT key FORM key
+ — 7.9 Measuring with Cursors

CURSOR

IM 760201-01E 71

Ke|dsiq wuoganep H



7.2 Displaying Waveforms

Procedure
Displaying Waveforms

1. Press WAVE. The waveform display appears.

Explanation

For an explanation of the waveform display feature itself, see section 2.7.
A display example is shown below. For instructions on how to change displayed
waveforms and their formats, see sections 7.3 to 7.9.

The measurement function,
the element number, and the
upper limit of the displayed

waveform
Trigger level \ f

&

Ground Ievel/

y oAy

The measurement function,
element number, and lower

—300.0 4

1
0.000s 100 e 5y 50 Ottvs

limit of the displayed Time at the right edge of the screen
waveform (amount of time contained in the screen)
Time at the left edge of the screen « The number of data points between the
(fixed at 0 seconds) left and right edges of the screen.

* “P-P” indicates that the displayed
waveform has been P-P compressed
(see section 2.7 for details).

Measurement Mode during Waveform Display

When waveforms are displayed, the measurement mode indicated in the upper left of
the screen is Normal Mode (Trg). After a trigger occurs (see section 7.4 for details),
measurement takes place at the data update interval.

Nofte

» If you do not set the trigger level properly, the waveform display start point (the signal level
on the left edge of the screen) may be unstable, or waveforms may not appear.

» Even when waveforms are displayed, during integration (including when integration is
suspended), the measurement mode indication at the upper left of the screen is Normal
Mode. In this mode, sampled data is updated automatically at a set interval, and the trigger
feature does not function. Therefore, the waveform display start point (the signal level at the
left edge of the screen) may not be stable. Also, the numeric data measurement period may
not be synchronized with the waveform data measurement period.

IM 760201-01E



7.3 Selecting Which Waveforms to Display

Procedure

1. Press ITEM to display the Wave Items menu.

Turning All Input Signal Waveform Displays On or Off
¢ Turning All Waveform Displays On
2. Use the cursor keys to select All ON.

3. Press SET. The indicators to the left of the input signals all light, and all of the
waveforms are displayed.

e Turning All Waveform Displays Off
2. Use the cursor keys to select All OFF.

3. Press SET. The indicators to the left of the input signals all turn off, and none of
the waveforms are displayed.

Turning Individual Input Signal Waveform Displays On or Off
2. Use the cursor keys to select an input signal.

3. Press SET. The indicator to the left of the selected input signal lights, and the
waveform of that signal is displayed. If you press SET again, the indicator turns
off, and the waveform of the selected input signal is no longer displayed.

Wave Items

Display Vertical Vertical
ON/OFF Zoom Position

o W 17
1 vy
31 ] [u.o00
o W 17
1 vy
31 ] [u.o00

[@ a1l on

(@] All OFF

Indicators that tell whether the waveform displays
of each input signal are on or off

Explanation
Only the input signals of installed elements appear in the menu and can be turned on
and off.

IM 760201-01E
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7.4 Setting the Time Axis

Procedure

Explanation

Press FORM to display the Wave Form menu.
Use the cursor keys to select Time/div.

Press SET to display the time axis selection box.

R b=

Use the cursor keys to select a time axis. When the scale value display is set to
ON (see section 7.8), the time at the left edge of the screen (which is fixed at zero
seconds) appears in the lower left of the screen, and the time at the right edge of
the screen appears in the lower right of the screen.

5. Press SET to confirm the selection.

Wave Form Wave Form
Format Format
Timesdiv Timesdiv

s

4 Trigger
Settings

4 Display
Settings

4 Wave
Mapping

For an explanation of the waveform display feature itself, see section 2.7.

The time axis is set in Time/div (time per grid division).

The time axis can be set up to the point in which the time corresponding to one screen

is equal to the data update interval, in 1, 2, 5 steps. For example, when the data update
interval is 500 ms, if you change the time-per-division in this order: 1 ms >2 ms > 5 ms >
10 ms > 20 ms > 50 ms, the time corresponding to one screen changes in this order: 10
ms > 20 ms > 50 ms > 100 ms > 200 ms > 500 ms.

YOKOGAWA 4

Wave Form

Format

Time/div

—— Time/div setting

4 Trigger
¢ The number of data points between
the left and right edges of the display. |[bisstar
* “P-P” indicates that the displayed
waveform has been P-P compressed
(see section 2.7 for details).

Integ‘Reset.
Time

u1 —300.0w
0,000 << 1002 cpopr > $0.000ms
upflate 4916(500msec)

Time at the left edge of the screen Time at the right edge of the screen
(fixed at 0 seconds) (amount of time contained in the screen)
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7.5 Setting the Trigger

Procedure
1. Press FORM to display the Wave Form menu.
2. Use the cursor keys to select Trigger Settings.

3. Press SET to display the Trigger Settings menu.

Selecting a Trigger Mode
4. Use the cursor keys to select Mode.

5. Press SET to select Auto or Normal.

Wave Form
Format
Trigger Settings
Time-div [ 49 4
Mode Auto  Mormal
4 Trigger I Source uT
Settings
Slope EE
4 Display Level [ 0.04]
settings

4 Wave
Mapping

Selecting a Trigger Source

4. Use the cursor keys to select Source.

5. Press SET to display the trigger source selection box.
6. Use the cursor keys to select a waveform from the list (which starts with U1).
7

Press SET to confirm the trigger source selection.

Trigyer Settings Trigger Settings
| Hode wode
Source uf » Source :
Slope EE S & 1 Slope

Level [ 0.0%] Level

Selecting a Trigger Slope
4. Use the cursor keys to select Slope.
5. Press SETtoselect £, 3,0r 1.

Trigger Settings

Mode Auto  Mormal
Source [ OT ]
Slope EE

Level [ 0.07]

IM 760201-01E 7-5
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7.5 Setting the Trigger

Explanation

Setting the Trigger Level

5. Press SET to display the trigger level entry box.
6. Use the cursor keys to set the trigger level.
7. Press SET or ESC to close the trigger level entry box.
Trigger Settings Trigger Settings
Mode Auto  Mormal Mode Auto Mormal
Source [ OT ] Source [ U1 ]
Slope EE Slope 11
Level [ 0.07] Level 0.}
|-

Use the cursor keys to select Level.

For an explanation of the trigger feature itself, see section 2.7.
A trigger is said to have “occurred” when the specified trigger condition is met and a
waveform is displayed on the screen.

Selecting a Trigger Mode
The trigger mode specifies the conditions for updating the display. You can select one of
the following options:
+ Auto
+ If a trigger occurs within the timeout period (about 100 ms), the waveform display is
updated.
 If the timeout period elapses without a trigger occurring, the display is updated
automatically.
 If the period of the trigger signal is greater than 100 ms, the display is updated as
the two conditions described above alternate. If this occurs, use Normal mode.
* Normal
» The display is only updated when a trigger occurs.
 If a trigger does not occur, the display is not updated.

Selecting a Trigger Source

You can set the trigger source (which is the signal that the WT500 searches for the
trigger condition in) to one of the signals listed below. The selectable items vary
depending on the number of elements installed in the WT500.

U1, 11, U2, 12, U3, 13, and Ext Clk (external clock)’

* If you select Ext Clk as the trigger source, apply a signal that meets the specifications given
on the following page. When Ext Clk is set as the trigger source, the trigger level setting is
invalid.

IM 760201-01E



7.5 Setting the Trigger

When Setting the Trigger Source to Ext Clk
Apply a trigger signal that meets the following specifications to the external clock input
connector (EXT CLK) on the rear panel.

EXT. CLK
Item Specification
Connector type BNC connector
Input level TTL
Minimum pulse width 1us
Trigger delay time within (1 us + 3 sample intervals)

A CAUTION

Applying a voltage outside of the range of 0 to 5 V to the external clock input
connector (EXT CLK) can damage the WT500.

Note

* The synchronized measurement slave setting and the trigger source Ext Clk setting cannot
be made at the same time because they both use the same connector (see section 12.6 for
information about synchronized measurement).

« To connect a BNC cable to the external clock input/external start signal output connector
(EXT CLK) when a GP-IB cable is connected to the GP-IB connector, first remove the GP-IB
cable. Then connect the BNC cable. Finally, reconnect the GP-IB cable.

Input Circuit for the External Trigger Signal, and Time Chart

5V

EXT CLK 100 0 $
External trigger signal ( O W (}

Minimum pulse
External trigger width |
|

(When settod.)

| I
| |
ITrigger delay time

Internal trigger |

Selecting a Trigger Slope

The upwards or downwards movement of a signal is referred to as slope. When a
particular slope is used as a trigger condition, it is referred to as a trigger slope. You can
select one of the following kinds of trigger slopes.

- A trigger occurs when the trigger source signal rises from a level lower than
the trigger level to a level higher than the trigger level (rising edge).
L 2 A trigger occurs when the trigger source signal falls from a level higher than

the trigger level to a level lower than the trigger level (falling edge).
Y £:  Triggers occur on both rising and falling edges.

IM 760201-01E
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7.5 Setting the Trigger

Setting the Trigger Level
The trigger level is the level at which the trigger slope is determined. When the trigger
source passes through the specified trigger level on a rising or falling edge, a trigger

occurs.

» The trigger level can be set to a value from 0.0 to £100.0%.

+ Avalue of 100% corresponds to half the height of the waveform display. If the zero
level of the input signal is set to the center of the vertical axis, 100% corresponds
to the top of the waveform display, and -100% corresponds to the bottom of the
waveform display. The upper and lower limits of the waveform display correspond to
three times the voltage or current measurement range of each element when the crest
factor is set to 3, and six times when the crest factor is set to 6. When scaling is used,
the upper and lower limits correspond to three or six times the scaled ranges.

*  When the trigger source is set to Ext Clk, the trigger level setting is invalid.

* Measurement range: 100 Vrms or 50 Vrms when the crest

* Trigger level: 25%
100% (300 Vpk)

Input zero line
(center of the
vertical axis)

-100% (~300 Vpk)

Note

factor is set to 3 or 6, respectively.

i

\ T 25% trigger level (75 V)

» To prevent noise-related errors, the trigger feature has a hysteresis of approximately 2%
when the crest factor is set to 3. For example, when the trigger slope is set to £, a trigger
will occur if the input signal level falls approximately 2% below the trigger level and then
passes through the trigger level on a rising edge. The trigger feature has a hysteresis of
approximately 4% when the crest factor is set to 6.

*  When integration is in progress or suspended, the trigger feature does not function.
Therefore, the waveform display start point (the signal level at the left edge of the screen)
may not be stable. Also, the numeric data measurement period may not be synchronized
with the waveform data measurement period.

» You cannot set the WT500 to the synchronized measurement slave setting and the trigger
source Ext Clk setting at the same time because both settings use the same connector.

7-8
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7.6 Vertically Zooming and Shifting Waveforms

Procedure

1. Press ITEM to display the Wave Items menu.

Zooming a Waveform

2. Use the cursor keys to select the measurement function zoom factor (in the
Vertical Zoom column) that you want to set.

3. Press SET to display the zoom factor selection box.
4. Use the cursor keys to select a zoom factor.

5. Press SET to confirm the selection.

Shifting a Waveform Position

2. Use the cursor keys to select the measurement function vertical position (in the
Vertical Position column) that you want to set.

3. Press SET to display the vertical position entry box.

4. Use the cursor keys to set the position as a percentage. A value of 100% is
equivalent to three or six times the measurement range when the crest factor is
set to 3 or 6, respectively.

5. Press SET or ESC to close the vertical position entry box.

Wave Items

Wave Items

Wave Items

Display ertical vertical Display Vertical Display Vertical wertical
OHA/OFF Zoom Position OH/OFF Zoom OH/OFF Zoom

u1 =T u1 =T & u1 | |

I T ] 11 % 1 I8l T ]

@] a11 ON
@) a1l OFF

@] a11 ON
@) a1l OFF

@] a11 ON
@) a1l OFF
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7.6 Vertically Zooming and Shifting Waveforms

Explanation

Zoom (Vertical only)
Each displayed waveform (voltage or current) can be scaled. You can select one of the
following zoom factors:
0.1,0.2,0.25,0.4,0.5,0.75,0.8, 1, 1.14, 1.25, 1.33, 1.41, 1.5, 1.6, 1.77, 2, 2.28, 2.66,
2.83,3.2,3.54,4,5, 8,10, 12.5, 16, 20, 25, 40, 50, or 100

Shifting a Waveform Position (Vertically)

You can vertically shift the displayed position of a waveform. This is useful when you

want to view the relationship between voltage and current waveforms, or when the

section of the waveform that you want to view does not fit into the display frame.

» The waveform position can be set to a value from 0.000 to +130.000%.

* When the zoom factor is set to 1, a value of 100% corresponds to half the height of
the waveform display (which is three or six times the measurement range when the
crest factor is set to 3 or 6, respectively). The upper and lower vertical display limits of
the screen are 100% and —100%.

100%

Position moved -

/1N /N
by 50%

N NVRENY

N7 \
\V/ \V/ Position moved 6/ \ / \
by -50% \\ // \\//

-100%

* As shown in the figure below, when the zoom factor is set to a value other than 1, the
upper and lower display limits of the screen do not correspond to three or six times the
measurement range (or to £+100%) when the crest factor is set to 3 or 6, respectively.
You must take the zoom factor into account when setting a waveform’s position. The
following figure is an example of the display when the crest factor is set to 3.

3oovpkI'"ﬁ"'r"'.'"1"'r"1"'r"'l 3oovpk I'"'|"'r'"|"'1"'|‘"'|"'r"'l
(100%) 1 1011 (100%) © Lot

- 255 Vpk ————————1—
150 Vpk ~—~—1————— / o 150 Vpk-| A A

SR o JANEErA

| 7|
TN e

-150 Vpk '~ Range displayed -150 Vpk-i---1- - -
' ! ' on the screen '

r---."-.----.---;-"E--"."'.'"'.
-300 Vpk T -300 Vpk
(-100%) ~~"TTTTrTTTIs B (=100%)
Note
When you want to zoom in on part of a waveform, we recommend that you take the steps
below.

1. Set the zoom factor to 1.

2. Following the instructions in this section for shifting a waveform’s vertical position, shift the
part of the waveform that you want to view to the center of the display.

3. Set the vertical zoom factor.
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1.7

Displaying Waveforms in Split Screens

Procedure

1. Press FORM to display the Wave Form menu.

Selecting the Number of Split Screens

2.

3.
4.
5

Use the cursor keys to select Format.

Press SET to display the split screen number selection box.

Use the cursor keys to select the number of split screens.

Press SET to confirm the selection.

You can also change the number of split screens by pressing WAVE. When you press
WAVE, the number of split screens changes in this order: Single > Dual > Triad > Quad.

Wave Form

' Forma!

Timesdiv

[ 5ms |
4 Trigger

Settings
4 Display

Settings

4 Wave
Mapping

Wave Form

Format

Single

4 Wave
Mapping

Selecting How Waveforms Are Assigned to Screens

6.
7.
8.
9.

10.
11.
12.

Use the cursor keys to select Wave Mapping.

Press SET to display the Wave Mapping dialog box.

Press SET to select Auto, Fixed, or User. If you select User, proceed to step 10.

Use the cursor keys to select an input signal.

Press SET to display the display location selection box.

Use the cursor keys to select a number from 0 to 3.

Press SET or ESC to close the display location selection box.

Wave Form

Format

Timesdiv

When Mode is set to Auto or Fixed

Wave Mapping

Mode

Auto Fixzed User

4 Trigger
settings

4 Display
Settings

JiF

4 Wave
Mapping

When Mode is set to User

Wave Mapping

Wave Mapping

Mode

(B » oo
v 12 (1]

w3 [Z] 13[Z]
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7.7 Displaying Waveforms in Split Screens

Explanation

You can divide the screen equally into windows, and assign waveforms to those
windows.

Selecting the Number of Split Screens
You can choose the number of split screens from one of the following options:
« Single: The screen is not split.
e Dual: Two split screens
« Triad: Three split screens
* Quad: Four split screens
Depending on the number of split screens, the number of displayed points in each screen
changes as described below.
Single: 432 points, Dual: 216 points, Triad: 144 points, Quad: 108 points

Methods for Assigning Waveforms to Screens

* Auto
The waveforms whose displays are turned on (see section 7.2 for details) are
assigned in order according to their element numbers, with an element’s voltage
waveform (U) coming before its current waveform (1).

» Fixed
Regardless of whether their displays are on or off, waveforms are assigned in order
according to their element numbers, with an element’s voltage waveform (U) coming
before its current waveform (I).

» User
Waveforms can be assigned to windows by the user, regardless of whether their
displays are on or off. Waveforms are assigned to screens by number. The screens
are numbered from 0 to 3 in order from top to bottom.
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7.8 Selecting a Graticule and Turning Interpolation,
Scale Value Display, and Wave Labels On or
Off

Procedure

1. Press FORM to display the Wave Form menu.
2. Use the cursor keys to select Display Settings.

3. Press SET to display the Display Settings dialog box.

Selecting Whether or Not to Use Interpolation

4. Use the cursor keys to select Interpolate.

5. Press SET to select ™. or «"™,-.

Changing the Graticule
4. Use the cursor keys to select Graticule.

5. Press SET to select &, [ or .

Selecting Whether or Not to Display the Scale Values
4. Use the cursor keys to select Scale Value.
5. Press SET to select ON or OFF.

Selecting Whether or Not to Display Waveform Labels
4. Use the cursor keys to select Wave Label.
5. Press SET to select ON or OFF.

Wave Form Display Settings
Format Interpolate

p || crovicue (T ]
Scale value
Wave Label

Timesdiv

4 Trigger
Settings

4 Display
Settings

4 Wave
Mapping
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7.8 Selecting a Graticule and Turning Interpolation, Scale Value Display, and Wave Labels On or Off

Explanation

For an explanation of the features themselves, see section 2.7.

Selecting Whether or Not to Use Interpolation

When there are less than 500 points of sampled data on the time axis, the displayed
points (rasters) do not connect with each other. Numbers of sampled points below
500 are said to be within the interpolation range. The interpolation feature interpolates
between points that are in the interpolation range. You can select one of the following
options:

« +"-.-:No interpolation is performed.
» Outside of the interpolation range

+ Within the interpolation range

« .+ :The space between two data points is filled with a straight line.
» Outside of the interpolation range

The spaces between vertically aligned dots are filled.

* Within the interpolation range
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7.8 Selecting a Graticule and Turning Interpolation, Scale Value Display, and Wave Labels On or Off

Changing the Graticule
You can choose one of the following graticule options:
* E: Grid

* [3: No grid or cross-hair

* [ Cross-hair

IM 760201-01E 715
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7.8 Selecting a Graticule and Turning Interpolation, Scale Value Display, and Wave Labels On or Off

Turning the Display of the Scale Values On or Off
You can select whether or not to display the vertical axis upper and lower limits and the
values at the right and left edges of the horizontal axis (time axis; see section 7.4 for
details).
+ ON

The scale values are displayed.
+ OFF

The scale values are not displayed.

Turning the Display of Waveform Labels On or Off
You can choose whether or not to display waveform labels (input signal names).
« ON
Labels are displayed.
« OFF
Labels are not displayed.

ER

Upper limitsLE %07

_—Waveform labels

-1.500R

Lower limitsT i %ued s 20.0m.|— Time at the right edge

| of the screen
Time at the left edge of the screen
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7.9 Measuring with Cursors

Procedure

1. Press SHIFT+FORM (CURSOR) to display the Cursor menu.

Selecting Whether or Not to Use Cursor Measurement
2. Use the cursor keys to select Wave Cursor.

3. Press SET to select ON or OFF.
If you select ON, the results of cursor measurement are displayed.

cursor

Wave Cursor

Trace
cl+

c2x [T ]

Position
c1+ [0 ]
czx [A00 ]

(@) Linkage

Cursor Path

Selecting the Waveforms to Measure Using Cursors
» Selecting the Waveform to Measure Using Cursor +

4. Use the cursor keys to select C1+ under Trace.

5. Press SET to display the waveform selection box.

6. Use the cursor keys to select a waveform from the list (which starts with U1).

7. Press SET to confirm the waveform selection.

» Selecting the Waveform to Measure Using Cursor x
4. Use the cursor keys to select C2x under Trace.

Press SET to display the waveform selection box.

5
6. Use the cursor keys to select a waveform from the list (which starts with U1).
7

Press SET to confirm the waveform selection.

cursor Cursor cursor

Wave Cursor Wave Cursor Wave Cursor

Trace
cl+

c2x [T ]

Position
c1+ [0 ]
czx [A00 ]

(@) Linkage

Cursor Path
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7.9 Measuring with Cursors

Moving the Cursors
* Moving Cursor +

8. Use the cursor keys to select C1+ under Position.

9. Press SET to display the cursor position entry box.

10. Use the cursor keys to set the cursor position.

11. Press SET or ESC to close the cursor position entry box.

* Moving Cursor x

8. Use the cursor keys to select C2x under Position.

9. Press SET to display the cursor position entry box.

10. Use the cursor keys to set the cursor position.

11. Press SET or ESC to close the cursor position entry box.

Cursor Cursor cursor
Wave Cursor Wave Cursor Wave Cursor
Trace Trace Trace
LU ] et c1+ 0T
c2x[ 1T ] czx [T ] c2x [ 11 ]
Position
c1+
€2X 00 ]
(@) Linkage @ Linkage
Cursor Path Cursor Path Cursor Path

Linking the Cursor Positions

12. Use the cursor keys to select Linkage.

13. Press SET to turn Linkage on. The Linkage indicator lights.

cursor

Wave Cursor

Trace
c1+

czx 1T

Position
c1+

P S ||

(@) Linkage

Cursor Path
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7.9 Measuring with Cursors

Explanation

Selecting a Cursor Path
14. Use the cursor keys to select Cursor Path.
15. Press SET to display the cursor path selection box.
16. Use the cursor keys to select one of the options from Max to Mid.

17. Press SET to confirm the selection.

Cursor Cursor
Wave Cursor Wave Cursor
Trace Trace
c1+ ol ] cr+ Ol ]
czx [ ] czx [T ]
Position Position
o1+ 100 ] c1+
c2x [ 400 ] c2x [ 400 ]
[@) Linkage (@) Linkage
Cursor Path Cursor Path

For an explanation of the cursor measurement feature itself, see section 2.7.

Turning Cursor Measurement On or Off

A cursor can be placed on the displayed waveform, and the value at the cursor location
can be measured and displayed. The voltage or current at specific sections of the
waveform and the data on the horizontal axis (X-axis) can be measured.

* ON: Cursor measurement is performed.

 OFF: Cursor measurement is not performed.

Selecting the Waveform to Measure

You can select the waveform to measure using cursors from one of the choices below.

The selectable items vary depending on the number of elements installed in the WT500.
U1, 1, U2,12, U3, and I3

Measurable Items

* Y+: \Vertical value of cursor + (Y-axis value)

* Yx:  Vertical value of cursor x (Y-axis value)

* AY: The difference between the Y-axis values of cursor + and cursor x

« X+:  X-axis value of cursor + from the left edge of the screen

+ Xx:  X-axis value of cursor x from the left edge of the screen

* AX: The difference between the X-axis values of cursor + and cursor x

* 1/AX: Reciprocal of the difference between the X-axis values of cursor + and cursor x

IM 760201-01E
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7.9 Measuring with Cursors

Selecting a Cursor Path

Because the WT500 uses P-P compression on sampled data (see section 2.7 for
details), two values (a maximum and a minimum value) are displayed at each time-axis
point. You can choose the path that the cursors move through and the data points that
are measured by the cursors from one of the options below.

Max

Cursors move along and measure the maximum values on the time axis.

Min

Cursors move along and measure the minimum values on the time axis.

Mid

Cursors move through the middles of the maximum and minimum values on the time
axis, and they measure the values in the middle of the maximum and minimum values.

Moving the Cursors

Cursors move along the selected waveform.

Cursors can be moved anywhere between the left and right edges of the display.
The unit of cursor movement is the amount of time contained in one screen + 500.
When the cursor positions are linked, increasing or decreasing the setting for one
cursor will increase or decrease the setting for the other cursor by the same amount.

Nofte
» If a cursor encounters immeasurable data, “**” is displayed in the measured value display
area.
* AY can be measured even when the units of the cursors are different. The measured result
will not have a unit.
» The range of the vertical axis that can be measured using cursors is within +300% when the
crest factor is set to 3 and within +600% when the crest factor is set to 6.

7-20

IM 760201-01E



Chapter 8 Trend Display

8.1 Panel Keys and Setup Menus Used in This
Chapter

Panel Keys Used in This Chapter

©nO

(<4 ) (»)—— Selectand confirm menu items
Cursor keys

®: Y @,

r—— Displays the OTHERS menu
(see below for the contents of the menu)
| OTHERS I

Displays the FORM menu
(see below for the contents of the menu)

8.3 Selecting What Trend Data to Display

8.4 Setting Which Measurement Functions
to Display Using Trends,

8.5 Setting Trend Scaling

8.10 Measuring with Cursors

_/

Setup Menus Used in This Chapter

To set a parameter, access its menu by pressing the appropriate panel key.
The setup menus and menu items used in this chapter are shown below, along with the
sections that correspond to their operating instructions.

Others
OTHERS key 8.2 Displaying Trends
-
Trend Form
Format
8.7 Displaying Trends in Split Screens
Trend T-div
FORM key 8.6 Setting the Time Axis
-
CURSOR
8.9 Restarting Trends
4 Displa
getﬂn;s 8.8 Selecting a Graticule and Turning
Interpolation, Scale Value Display,

and Wave Labels On or Off

SHIFT key FORM key

+ — 8.10 Measuring with Cursors

CURSOR
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8.2

Procedure

Explanation

Displaying Trends

Displaying Trends

1. Press OTHERS to display the Others menu.

2. Use the cursor keys to select Trend.

3. Press SET to confirm the selection.

Vector

A display example is shown below. As shown in the figure below, the horizontal axis

represents time.

The displayed trend, the
measurement function,
and the upper limit

The displayed trend, the
measurement function,
and the lower limit

When the display is held (see section 4.12 for details),
trend values behave the same as numeric values.
When the display is un-held, the trend data from
when the display was held appears.

TT Treel

T1 Urnst

LR

1024 W
00: 002 00

<< 1002 tpmpd) W o0t 00: 30

Time at the left edge of the screen
(fixed at 0 seconds)

Time at the right edge

of the screen

(amount of time contained
in the screen)

¢ The number of data points between the
left and right edges of the screen.

* “P-P” indicates that the displayed
waveform has been P-P compressed
(see sections 2.7 and 2.8 for details).
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8.3 Selecting What Trend Data to Display

Procedure
1. Press ITEM to display the Trend Items menu.

Turning All Trend Displays On or Off
e Turning All Trend Displays On
2. Use the cursor keys to select All ON.

3. Press SET. The indicators to the left of the trend symbols all light, and all of the
trends are displayed.

e Turning All Trend Displays Off
2. Use the cursor keys to select All OFF.

3. Press SET. The indicators to the left of the trend symbols all turn off, and none of
the trends are displayed.

Turning Individual Trend Displays On or Off
2. Use the cursor keys to select a trend symbol.

3. Press SET. The indicator to the left of the selected trend symbol lights, and the
trend that corresponds to the symbol is displayed. If you press SET again, the
indicator turns off, and the trend is no longer displayed.

Trend Ttems

(D)p:jgé?y Finction Element’Z Order Scaling Upﬁ:’r‘gf}]wer
[Forms | [ETementT Auto T 7
Element1 Auto
[P | [ElementT Auto
[1~S ] [ETementT Auto

[ [F 0] [ETementT] [Total ] [Auto |
[0 —A ] [ETementT Auto
[ @ ] [ETementT Auto
L [Frequ | [ETementT] [Total ] [ Aufo | T
@] a11 ON
(0] a1l OFF

Indicators that tell whether the trend displays
are on or off

Explanation

You can turn the displays of trends 1 to 8 (T1 to T8) on or off. For instructions on how to

set the measurement functions whose trends are displayed by T1 to T8, see section 8.4.
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8.4 Setting Which Measurement Functions to
Display Using Trends

Procedure

1. Press ITEM to display the Trend Items menu.

Selecting a Measurement Function
2. Use the cursor keys to select a function (in the Function column).
3. Press SET to display the measurement function selection box.
4. Use the cursor keys to select a measurement function.
5

. Press SET to confirm the selection.

Trend Items Trend Items

g&fgé:y Function B Element/E Order Scaling Upg:?fizwer g;fg:?y Functiun.rElement/E Order  Scaling Upr:::siwer
® 11 || [(Urms | [ETementl] [Total] [ Auto £z ® : Aute 3
® 12 || [(Toms | |(Elementi] [Total] [Auto ] ® 12

® 13 ||[P_] |(Element1] [foml] [Avte ] ® 13

® 14 |5 |(Elewent1] [Tol] [Awta] ®

@15 ||\[@ ] |[elementt] [m1] [Aufo ] -> ® 15

® 76 ||\ A |[[Elementi] [Total] [CAuto | ® 16

@17 F[ ¢ [ Elementl] [Total] [Auto | w17

® T8 || [Frequ ] |[Flementt] (1] [CAuts | @ T8

(@ ALl oN ‘ @ a11 on

(@ all oFF (@ a11 oFF

Selecting an Element or Wiring Unit

6. Use the cursor keys to select an element or wiring unit (in the Element/s
column).

7. Press SET to display the element and wiring unit selection box.
8. Use the cursor keys to select an element or wiring unit.

9. Press SET to confirm the selection.

Trend Items Trend Items

Display
ON-OFF

Manual Display Manual

, . 5 .
Order  Scaling Upper-Lower ON/OFF Function Element” “Order Scaling Upper/Lower

Auto

Element/Z
:
(s | [ms : :
Element2 E
——— oz ———— :
s Cs 1 T 0
@ ||[ETementT] [0 ] [FTement | =t to | [ i
—— K| [ElemewtT] [(Tomr] [Mte ] CLO00
| —— [) Element1] [Total | [ Auto | T
-
[Freql | (Frequ | [Elementd] [To7al] [ Auto | i

@ all on ] @ Al1 ON
@) all OFF (@) A1l OFF
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8.4 Setting Which Measurement Functions to Display Using Trends

Selecting a Harmonic Order (Only on models with the harmonic
measurement option)

10. Use the cursor keys to select Order.
11. Press SET to display the harmonic order selection box.
12. Use the cursor keys to select a harmonic order.

13. Press SET or ESC to close the harmonic order selection box.

Select a harmonic measurement function

Trend Items Trend Items
(D;‘jgégy Function Element/3 Order W) Scaling UPMPZI:BE;WB, g'i;gésy
; (UG ] [ETementT || [(Total || [Auts | (L1007 :
= E
(Xims | [Elementl] [Auto ;
E
[P [Efementd | [Total]| [AwEs ] L
E
(s 1 [ETementd || [Totar ]} [(Auto ] v
E
(@ ] [ETementT}| [otar]| [Auto ] [
= E
(A [ETementd || [ToTaT ]}l [Auto ] :
= E
(@ | [ETementd || [Totar ]| [(Auto ] v
E
® 18 [Frequ | [ElementT §[TotaT]8 [ Auto ] [
S RT3
@ a11 on ' ' (5] all on
(@ a11 OFF (5] all oFfF

Kejdsig puail
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8.4 Setting Which Measurement Functions to Display Using Trends

Explanation

You can select what functions you want to display the trends of. You can set functions for
eight trends from T1 to T8.

Selecting a Measurement Function

The types of measurement functions that can be selected are the functions described

in “Types of Measurement Functions Used in Normal Measurement” and “Measurement
Functions Used in Harmonic Measurement (Optional)” in section 2.2, in “User-Defined
Functions” in section 2.5, in “Integration Functions” in section 2.6, and in “Delta
Computation (Optional)” in section 5.17.

Selecting an Element or Wiring Unit

* You can select an element/wiring unit from the choices below. The selectable items
vary depending on the number of elements installed in the WT500.
Element1, Element2, Element3, or =

» If an element in the selected wiring unit does not exist, because there is no data, the
trend will not be displayed. For example, if an element assigned to T does not exist,
trends are not displayed for © measurement functions.

Selecting a Harmonic Order (Only on models with the harmonic
measurement option)

You can set the harmonic order to Total or to a harmonic from dc (0th) to the 50th
harmonic.

Note

* For the meanings of the displayed measurement function symbols, see section 2.2,

“Measurement Functions and Measurement Periods”; section 2.5, “Computation”; section 2.6,
“Integration”; and appendix 1, “Symbols and Determination of Measurement Functions.”

» For information about wiring unit ¥, see section 4.2, “Selecting a Wiring System.”

« If there is no numeric data, a trend will not be displayed.

* You can set the harmonic order to Total or from dc (0th) to the 50th harmonic. However,
only the data of harmonics up to the maximum harmonic order value, which is determined
automatically based on the PLL source frequency (see section 6.4 for details), is measured.

» If you change one of the trend measurement functions, the displays of all trends up to that
point are cleared, and the trends start over from the right edge of the screen.

*  When the trend of a user-defined function (F1 to F8) is displayed, the trend will not be
cleared even if you change the function’s equation.

*  When the trend of a delta computation function (AF1 to AF4) is displayed, the trend will not
be cleared even if you change the delta computation mode. (The delta computation feature
is an option.)

8-6
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8.5 Setting Trend Scaling

Procedure

1. Press ITEM to display the Trend Items menu.

Selecting Auto or Manual Scaling

2. Use the cursor keys to select Scaling.

3. Press SET to display the scaling selection box.
4. Use the cursor keys to select Auto or Manual.
5

Press SET to confirm the selection.
If you select Manual, proceed to step 6.

Trend Items Trend Items

Display oo ElementeS order Madial Display pyiction Element’Z Order

ONCOFF Scaling

® 11 [Urms ] [ETementT] [Total]
® 12 [Trms | [ETementT] [Total]
® 13 [P ] [ETementT] [Total]
@14 5 ] [ETementT] [Total]
@15 [@ ] [ETementT] [Total]
@16 [ A ] [ETementT] [Total]
@17 [ ¢ ] [ETementT] [ToTal]
® T8

@ a1l on
(@ a1l oFf

pper/Lower ON/OFF

@ ALl oN
@) all OFF

Setting the Upper Limit for Manual Scaling

6. Use the cursor keys to select the upper limit that you want to set (the top value in
the row of the trend that you want to set in the Manual Upper/Lower column).

7. Press SET to display the scaling value entry box.
8. Use the cursor keys to set the upper limit.

9. Press SET or ESC to close the scaling value entry box.
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8.5 Setting Trend Scaling

Setting the Lower Limit for Manual Scaling

10. Use the cursor keys to select the lower limit that you want to set (the bottom
value in the row of the trend that you want to set in the Manual Upper/Lower

column).

11. Press SET to display the scaling value entry box.

12. Use the cursor keys to set the lower limit.

13. Press SET or ESC to close the scaling value entry box.

Trend Items

Trend Items

DISPLOY function Element/S oOrder
(# T1 [Urms ] [ETementT]

[Trms | [ETementT] [T
[P ] [ETementT] [T
[ & ] [ETementT] [T
[@ ] [ETementT] [T
[ A [ETementT] [T
[# ] [ETementT] [T

@ ALl oN
@) all OFF

Manual

Sealing o oersLomer

= E+02

DISPLOY function Element/S oOrder
5 T1 [Urms ] [ETementT] [Total
% 12 [Trms | [ElementT]
% 13 [P ] [ElementT]
® T4 [5 ] [ElementT]
®r1s [0 ]
® 16 [A ] [ElementT]
= 17 [@ ] [ElementT]
g 18

@ ALl oN
@) all OFF

Manual

vl

Scaling

Explanation

Setting Trend Scaling
You can set the upper and lower limits of the trend display. You can select the method for

setting those limits from the choices below.

* Auto

The upper and lower limits of the display are automatically determined based on the
maximum and minimum displayed trend data values.

* Manual

The upper and lower display limits can be set manually.

Using Manual Scaling to Set the Upper and Lower Display Limits
You can set the upper and lower limits within the range of -9.999E+30 to 9.999E+30.

8-8
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8.6 Setting the Time Axis

Procedure

Press FORM to display the Trend Form menu.
Use the cursor keys to select Trend T/div.
Press SET to display the time axis selection box.

Use the cursor keys to select a time axis.

O A bR

Press SET to confirm the selection.

When the scale value display is set to ON (see section 7.8 for details), the time at the left
edge of the screen (which is fixed at zero seconds) appears in the lower left of the screen,
and the time at the right edge of the screen appears in the lower right of the screen.

Trend Form Trend Form
Format Format
Trend T/div Trend T-/div

Clear Trend
Gssdiv

4 pisplay 10s/div
Settings
J0s<div

Tminsdiv

Iminsdiv
w

Explanation

The time axis is set in T/div (time per grid division).

The time per division can be set in the range of 3 s to 1 day.

The trend data update interval is determined by the data update rate and the time axis
(T/div). For example, if the data update rate is 100 ms and you set T/div to 3s/div, the
trend display is updated every second. If you set the data update rate to 5 s and T/div to
3s/div, the trend display is updated every 5 seconds, and the trend data is displayed as
a line graph, with each point separated by five seconds. If you set T/div to 1day the trend
display will be updated once every 1728 seconds regardless of the data update rate.

Nofte

*  When you adjust the time axis setting, trend display data acquisition starts over. The trend
display up to that point is cleared, and the trends start over from the right edge of the
screen.

» One division (1 div) on the trend display is equivalent to 50 rasters. For example, if you
set T/div to 1 day, one raster is 1728 s (which is equal to 1day/50), the trend data update
interval is 1728 s, and the displayed data is P-P compressed. For information about rasters
and P-P compression, see section 2.7.
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8.7 Displaying Trends in Split Screens

Procedure

Explanation

Press FORM to display the Trend Form menu.
Use the cursor keys to select Format.
Press SET to display the split screen number selection box.

Use the cursor keys to select the number of split screens.

O A DR

Press SET to confirm the selection.

Trend Form Trend Form

Format Format

[single ] f | [Single |

Trend T/div

Clear Trend
Exec
4 Display
Settings

You can assign trends to different split screens.

Selecting the Number of Split Screens
You can choose the number of split screens from one of the options listed below. The
options are the same as those available in the waveform display (see section 7.7 for
details).
« Single: The screen is not split.
* Dual:  Two split screens
» Triad: Three split screens
* Quad: Four split screens
Depending on the number of split screens, the number of displayed points in each screen
changes as described below.
Single: 432 points, Dual: 216 points, Triad: 144 points, Quad: 108 points

Methods for Assigning Waveforms to Screens

Trends whose displays are turned on (see section 8.3 for details) are assigned in
numeric order (T1 to T8) to the split screens. The assignment method corresponds to the
Auto option in the waveform display.

8-10
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8.8 Selecting a Graticule and Turning Interpolation,
Scale Value Display, and Wave Labels On or Off

Procedure

1. Press FORM to display the Trend Form menu.
2. Use the cursor keys to select Display Settings.

3. Press SET to display the Display Settings menu.

Selecting Whether or Not to Use Interpolation

4. See the instructions in “Selecting Whether or Not to Use Interpolation” in section
7.8.

Changing the Graticule
4. See the instructions in “Changing the Graticule” in section 7.8.

Selecting Whether or Not to Display the Scale Values

4. See the instructions in “Selecting Whether or Not to Display the Scale Values” in
section 7.8.

Selecting Whether or Not to Display Waveform Labels

4. See the instructions in “Selecting Whether or Not to Display Waveform Labels” in

section 7.8.
Trend Form Display Settings
Format Interpolate
eraticute  [H 7 M|
Trend T/div »
Scale VYalue
Wave Label
Clear Trend
Exec

4 Display
Settings

Explanation

Selecting Whether or Not to Use Interpolation
See the explanation “Selecting Whether or Not to Use Interpolation” in section 7.8.

Changing the Graticule
See the explanation in “Changing the Graticule” in section 7.8.

Turning the Display of the Scale Values On or Off
See the explanation in “Turning the Display of the Scale Values On or Off” in section 7.8.

Turning the Display of Waveform Labels On or Off
See the explanation in “Turning the Display of Waveform Labels On or Off” in section 7.8.

Nofte

The settings in this section are the same as the waveform display settings (see chapter 7
for details). If you change these settings in the trend display, the settings also change in the
waveform display. For example, if you set the display of the scale values to OFF in the trend
display, the display of the scale values will also be set to OFF in the waveform display.
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8.9 Restarting Trends

Procedure

1. Press FORM to display the Trend Form menu.
2. Use the cursor keys to select Clear Trend Exec.
3. Press SET. The trends restart.

Trend Form

Format

Trend T/div

—
Clear Trend
Exec

4 Display
Settings

Explanation

When you restart trends, the trends up to that point are cleared.

In addition to when you execute Clear Trend Exec, trends will also restart when:
» The measurement function of a trend is adjusted.

» The trend display time axis (horizontal axis) is adjusted.

* Integration is started or reset.
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8.10 Measuring with Cursors

Procedure

1. Press SHIFT+FORM (CURSOR). The Cursor menu appears.

Selecting Whether or Not to Use Cursor Measurement
2. Use the cursor keys to select Trend Cursor.

3. Press SET to select ON or OFF.
If you select ON, the results of cursor measurement are displayed.

cursor

Trend Cursor

Trace

i+ [T ]
c2x [T ]

Position
c1+

czx [ 900 ]

(@) Linkage

Selecting the Trends to Measure Using Cursors
» Selecting the Trend to Measure Using Cursor +

4. Use the cursor keys to select C1+ under Trace.

5. Press SET to display the trend selection box.

6. Use the cursor keys to select one of the trends from T1 to T8.

7. Press SET to confirm the trend selection.

» Selecting the Trend to Measure Using Cursor x
4. Use the cursor keys to select C2x under Trace.

Press SET to display the trend selection box.

5
6. Use the cursor keys to select one of the trends from T1 to T8.
7

Press SET to confirm the trend selection.

cursor Cursor cursor

Trend Cursor Trend Cursor Trend Cursor

Trace

i+ [T ]
c2xX [ 17 ]

Position
c1+

czx [ 900 ]

(@) Linkage
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8.10 Measuring with Cursors

Moving the Cursors
* Moving Cursor +

8. Use the cursor keys to select C1+ under Position.

9. Press SET to display the cursor position entry box.

10. Use the cursor keys to set the cursor position.

11. Press SET or ESC to close the cursor position entry box.

* Moving Cursor x

8. Use the cursor keys to select C2x under Position.

9. Press SET to display the cursor position entry box.

10. Use the cursor keys to set the cursor position.

11. Press SET or ESC to close the cursor position entry box.

Cursor

Trend Cursor

Trace

ci+[ T |
c2x[ T2 |

Position
cl+

c2x} [ 900 ]
[@) Linkage

Cursor

Cursor

Trend Cursor

Trace

ci+[ 1T ]
cax[1Z ]

c1+|i 107

C2 X N—
(@ Linkage

Trend Cursor

Trace

ci+[ T ]

c2x[T1Z ]

Linking the Cursor Positions

12. Use the cursor keys to select Linkage.

13. Press SET to turn Linkage on. The Linkage indicator lights.

Cursor

Trend Cursor

Trace

ci+[ T ]
c2x[T1Z ]

Position
o1+ [0 ]
.

[@) Linkage '
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8.10 Measuring with Cursors

Explanation

Turning Cursor Measurement On or Off

A cursor can be placed on the displayed trend, and the value at the cursor location can
be measured and displayed. The vertical axis (Y-axis) and horizontal axis (X-axis) data of
each trend can be measured.

+ ON: Cursor measurement is performed.

* OFF : Cursor measurement is not performed.

Selecting the Trend to Measure
You can select the trend to measure from trends T1 to T8.

Moving the Cursors

» Cursors move along the selected trend.

* You can select the cursor position relative to the left edge of the screen in points, with
the left edge itself being 0 points and the right edge being 1001 points.

* You can move through the displayed data one point at a time.

» When the cursor positions are linked, increasing or decreasing the setting for one
cursor will increase or decrease the setting for the other cursor by the same amount.

Measurable Items

* Y+: Vertical value of cursor + (Y-axis value)

* Yx: Vertical value of cursor x (Y-axis value)

* AY: The difference between the Y-axis values of cursor + and cursor x

+ X+: X-axis value of cursor + from the left edge of the screen
With the left edge of the screen being 0 seconds, the time between the left edge
of the screen and cursor + is indicated.

+ Xx: X-axis value of cursor x from the left edge of the screen
With the left edge of the screen being 0 seconds, the time between the left edge
of the screen and cursor x is indicated.

* AX: The difference between the X-axis values of cursor + and cursor x

+ D+: The date and time at cursor +
The date and time of measurement are displayed in this format: Year/Month/Day
Hour:Minute:Second.

 Dx: The date and time at cursor x
The date and time of measurement are displayed in this format: Year/Month/Day
Hour:Minute:Second.

fhkkk

Note

» If a cursor encounters immeasurable data, is displayed in the measured value display
area.

* AY can be measured even when the units of the cursors are different. The measured result

will not have a unit.
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Chapter 9  Storing Numeric Data and Saving Stored Numeric Data

9.1 Panel Keys and Setup Menus Used in This
Chapter

Panel Keys Used in This Chapter

®
®
®

RESET CAL

— Select and confirm menu items

0
@

o

X
|

@
@

()

Displays the STORE menu (see below for the contents of the menu)
9.6 Storing Numeric Data

_/

Setup Menus Used in This Chapter

To set a parameter, access its menu by pressing the appropriate panel key.
The setup menus and menu items used in this chapter are shown below, along with the
sections that correspond to their operating instructions.

Stare Set 9.2 Setting the Storage Mode,
- 9.4 Setting the Store Count, Store Interval,
SHIFT key STORE key i and the Scheduled Storage Start and End Times

STORE SET

+ » 4 Contents
Settings

L oos3 Setting What Numeric Data to Store

— 9.5 Choosing Where to Store Numeric Data,
9.7 Converting a Stored Binary Format File

to CSV Format
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9.2

Procedure

Setting the Storage Mode

Press SHIFT+STORE (STORE SET) to display the Store Set menu.
Use the cursor keys to select Control Settings.

Press SET to display the Store Control Settings menu.

Use the cursor keys to select Store Mode.

Press SET to display the storage mode selection box.

Use the cursor keys to select a storage mode.

NS ok DN

Press SET to confirm the selection.

4 Control
Settings

Store Control Settings Store Control Settings

Store Mode

Store Mode

4 Contents
Settings

4 File
Settings

Explanation

Store Count [ 100 |
(00 J: [00 |- [00 ]

Real-time Control
Start  [ZO00[O7]/[T7] [00]: [0 [00]
End [Z00% [0 (07 ] [O7]:[00]:[00]

Optimize Count

Store Count

Interval Interval
Real Time
Real-time Co
start
End

Integ Sync

Before you can start storing numeric data, you must set the storage mode, store count,
store interval, and the scheduled storage start and end times. This section discusses the
storage mode. For information about the store count, store interval, and the scheduled
storage start and end times, see section 9.4. For information about how to start the

storage operation, see section 9.5.

Storage Mode

You can choose from one of the following methods for starting and stopping storage.

¢ Manual

When you press STORE, numeric data is stored for the number of times specified by

the store count at the rate specified by the store interval.

¢ Real Time

After you press STORE, numeric data storage starts at the scheduled storage start
time and continues at the rate specified by the store interval for the number of times
specified by the store count (or until the scheduled storage end time is reached).

e Integ Sync

» Storage is synchronized with integration. After you press STORE, numeric data

storage starts at the same time as integration and continues at the rate specified
by the store interval for the number of times specified by the store count (or until

integration stops).

If you set the integration timer (see section 5.8 and 5.9 for details) so that it is an
integer multiple of the store interval, you can store the final integrated value each
time that the integration timer expires and integration resets.
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9.3 Setting What Numeric Data to Store

Procedure

1. Press SHIFT+STORE (STORE SET) to display the Store Set menu.
2. Use the cursor keys to select Contents Settings.
3. Press SET to display the Store Contents Setting menu.

Store Set Store Contents Settings

4 Control
Settings

I | =
1 Contents Element Elem1 @]Elemz @]Elemﬂ @]
Settings Function [Dumn [Sude Eurmn  [@uae

< File (E)1mn ld[: lrmn la[:
Settings = (= Ll

Preset [(2)all ON [Tall OFF[@Preseti[ClPreset?

Q

I
(2lu+peak @U—zgak [2)1+peak (2)1-peak [Zcfu [@lcf1
M [Emp+  [EMP- [Ty [Elg+ [Elg-
[@Time  [Ows [Elwo

[EIF1 [oJF2 [TF3 [TIF4
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Selecting What Types of Numeric Data to Store
* Selecting All Numeric Data Types
4. Use the cursor keys to select All ON (next to Preset).
5. Press SET. The indicators to the left of all elements and measurement functions
light to show that they are subject to the storage operation.

* Unselecting All Numeric Data Types

4. Use the cursor keys to select All OFF (next to Preset).

5. Press SET. The indicators to the left of all elements and measurement functions
turn off to show that they are not subject to the storage operation.

¢ Selecting a Preset Group of Numeric Data Types
4. Use the cursor keys to select Preset1 or Preset2 (in the Preset row).

5. Press SET. The indicators to the left of the elements and measurement functions
that have been preset to Preset1 or Preset2 light to show that they are subject to
the storage operation.
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9.3 Setting What Numeric Data to Store

Explanation

* Setting Numeric Data Types One by One

4.

5.

Use the cursor keys to select the element or measurement function that you
want to set.

Press SET. If the indicator to the left of the element or measurement function
that you selected lights, its corresponding numeric data is subject to the storage
operation. If the indicator turns off, its corresponding numeric data is not subject
to the storage operation.

Selecting What Numeric Data Types to Store

You can choose whether or not to store the numeric data of the items in the Store

Contents Setting menu.

* You can select to store the numeric data of any of the elements or wiring units
installed in the WT500.

* The numeric data of the measurement functions described in “Types of Measurement
Functions” and “Types of Measurement Functions Used in Harmonic Measurement” in
section 2.2 can be stored.

Nofte

.

For the meanings of the displayed measurement function symbols, see section 2.2,
“Measurement Functions and Measurement Periods”; section 2.5, “Computation”; section 2.6,
“Integration”; and appendix 1, “Symbols and Determination of Measurement Functions.”
You can only select wiring unit £ when it has been selected according to the procedure
described in section 4.2, “Selecting a Wiring System.”

For items with no numeric data, “NAN” (no data) is stored.

When integration is not taking place, the integrated value will be stored as “NAN” (no data),
because no integrated value exists. The integration time will also be stored as “NAN” (no
data).

The maximum harmonic order that can be stored is determined by the maximum harmonic
order set in the harmonic measurement (option) menu. For harmonic orders with no numeric
data, “NAN” (no data) is stored.

AF1 to AF4 are stored according to the delta computation mode selected in the delta
computation settings (optional). For details, see section 5.17.
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9.4 Setting the Store Count, Store Interval, and the
Scheduled Storage Start and End Times

Procedure

1.
2.
3.

Press SHIFT+STORE (STORE SET) to display the Store Set menu.
Use the cursor keys to select Control Settings.

Press SET to display the Store Control Settings menu.

Setting the Store Count

4.

5.
6.
7.

Use the cursor keys to select Store Count.
Press SET to display the store count entry box.
Use the cursor keys to set the store count.

Press SET or ESC to close the store count entry box.

Store Control Settings Store Control Settings

4 Control
Settings

4 Contents
Settings

4 File
Settings

Store Mode Store Mode  Jowtinnmcdems
Store Count | 100 [Optimize Count ] . Store Count
Interval | 00 |:| 00 |:| 00 | Interval

Real-time Control Real-time Control

Start  [Z000 [OT)/[07T] [O0]: start  [Z000 /[TT)/[T7] [O07:

[00]:[00] (00 ]: (0]
End (2008 }[O7 |-[O7] [OT]:[00:[00] End (2008 {07 |-[07 | [07]:[00]:[00 |

Checking the Maximum Store Count and Optimizing the Store Count

8.
9.

Use the cursor keys to select Optimize Count.

Press SET. The Optimize Count dialog box appears, and the maximum store
count is displayed.

If the displayed maximum store count value is less than the value that you set in step 6,
proceed to step 10. Otherwise, proceed to step 16.

10. Use the cursor keys to select Maximum Store Count.

11. Press SET to display an entry box.

12. Use the cursor keys to set the store count to a value that is less than or equal to

the maximum store count as necessary.

13. Press SET or ESC to close the entry box.
14. Use the cursor keys to select Set.
15. Press SET.

Store Control Settings Store Control Settings

store Mode Store Mude
Store Count | T [Optimize Count ] Store Count

Interval [007]: (00" - [ 007 Interval Maximum Store Count [ 141215 |

Real-time Control Real-time Set
start  [Z009 [ 07 -[0T] [007]:[00):[00] Start
End [Zoog J[0T]-[T7] [UT]:[00]:[00] End
IM 760201-01E 9-5
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9.4 Setting the Store Count, Store Interval, and the Scheduled Storage Start and End Times

Setting the Store Interval

16. Use the cursor keys to select one of the Interval boxes (hour, minute, or second).

17. Press SET to display an entry box.

18. Use the cursor keys to set the hour, minute, or second that you selected in step

16.

For instructions on how to use the cursor keys to enter the values, see section 3.14, “Entering

Values and Character Strings.”

19. Press SET or ESC to close the entry box.

20. Repeat steps 16 to 19 to set the hour, minute, and second.

Store Control Settings

Store Control Settings

Store Mode

Interval IEI_UIHEI

Store Count 100 Optimize Couni

Real-time Control

Start  [Z000 }[OT]/[UT] [O0]:

[O0]: (00 ]
End [F20058{Z/0 0/ N0 Tn] Ry 107 AT L]

Store Mode

Store Count .

Optimize Counti

Interval

Real-time Conuio
start [Z008 ] [0 J-[01] [O0]:[00]:[0o0]
End (2008 [ 07 -[07] [OT]:[00 J:[00 |

Setting the Scheduled Storage Start and End Times
(Only when the storage mode is set to Real Time)

8. Use the cursor keys to select one of the Real-time Control storage start time
boxes (year, month, day, hour, minute, or second).

9. Press SET to display an entry box.

10. Use the cursor keys to set the year, month, date, hour, minute, or second that

you selected in step 8.

11. Press SET or ESC to close the entry box.

12. Repeat steps 8 to 11 to set the year, month, date, hour, minute, and second.

13. Use the cursor keys to select one of the Real-time Control storage end time
boxes (year, month, day, hour, minute, or second).

14. Repeat steps 9 to 12 to set the year, month, date, hour, minute, and second.

Store Control Settings

Store Control Settings

store Hade

Store Count | 100 [Optimize Counti ]

Interval IEI_UIHEI

Real-time Control

Start  [ZO0B][0T]/[07]

End [EZ00 SO L] EE@

store Mode

Store Count | 100 [Optimize Couni |
Interval IEWII:WII
Real-time C| [

start

End
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9.4 Setting the Store Count, Store Interval, and the Scheduled Storage Start and End Times

Explanation

Before you can start storing numeric data, you must set the storage mode, store count,
store interval, and the scheduled storage start and end times. This section discusses
the store count, the store interval, and the scheduled storage start and end times. For
instructions on how to set the storage mode, see section 9.2. For instructions on how to
start the storage operation, see section 9.6.

Setting the Store Count

» The store count can be set to a value from 1 to 9999999.

» The store operation will end before the set store count is reached if the maximum
amount of storable data (1 GB) is exceeded.

Checking the Maximum Store Count and Optimizing the Store Count

The data types selected in section 9.3 are used to compute and display the maximum
number of times that numeric data can be stored in the available memory. If you change
the displayed maximum store count as necessary and then confirm the setting, the actual
store count will change.

* You can set the store count to a value from 1 to the computed maximum store count.

Setting the Store Interval

You can set the interval at which numeric data is stored.

* You can set the interval hour, minute, and second within the following range. If you set
the interval to 00:00:00, the numeric data will be stored at the numeric data update
rate.

00:00:00 to 99:59:59

» If you set the integration timer (see section 5.8 and 5.9 for details) so that it is an
integer multiple of the store interval, you can store the final integrated value each time
that the integration timer expires and integration resets.

Setting the Scheduled Storage Start and End Times
You can set the year, month, day, hour, minute, and second of the storage start and end
times. Be sure to set the storage end time to a time after the storage start time.
The start and end times can be set within the following ranges:
Year: Any four-digit Gregorian calendar value
Hour:Minute:Second 00:00:00 to 23:59:59

Nofte

*  When the CSYV file conversion method is set to Auto (see section 9.5 for details) and the
storage medium is USB memory, the maximum store count is computed with the available
memory for stored numeric data (.wts and .hds files) set to 20% of the available USB

memory.

* You can set the day for the scheduled start or end time in February to a value as high as the
318t day. If you do so, an error message appears when storage is executed (see section 9.4
for details). Reset the scheduled start or end time.

* The WT500 recognizes leap years when it executes the storage operation.

» If you choose to store data through USB and the write speed of the connected USB device
is slow, a new numeric data storage operation may begin before the previous operation is
finished, and some of the numeric data may be lost. If this occurs, the storage condition
indicator displays an asterisk (see “Explanation” in section 9.6 for details). You can prevent
the loss of numeric data during storage by:

» Lowering the numeric data update rate.
* Reducing the number of stored data types.
» Using faster USB memory.

IM 760201-01E
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9.5 Choosing Where to Store Numeric Data

CAUTION

Do not remove USB memory or turn off the power when the screen icon that
indicates USB access or USB memory access indicators are blinking. If you do, the
USB memory may be damaged, and its data may be corrupted.

Procedure

1. Press SHIFT+STORE (STORE SET) to display the Store Set menu.
2. Use the cursor keys to select File Settings.
3. Press SET to display the Store File Settings dialog box.

Selecting a Storage Medium
4. Use the cursor keys to select File List.
5. Press SET to display the File List dialog box.

6. Use the cursor keys to select the storage medium (displayed using brackets) that
you want to save to.

7. Press SET to confirm the storage media selection.

Store Set [ Store File Settings File List

Path = RAMOO
4 Control File List Space 20848640 byte - -
Settings Save Path = RAMO-0 File Name Size Date Attrlhutf
: < [RaWO-0 1
wp || Fite hame [ auto Naming P || weo 3
[use1-0 1

4 Contents
settings
4 File
settings

Comment [ ]

CSV Convert Auto Manual

Selecting a Directory
(Follow these procedures if the storage medium has directories.)

8. Use the cursor keys to select the directory (displayed using < >) that you want to
save to.

9. Press SET to confirm the directory selection.
» The selected storage medium and directory appear in the upper left of the File List dialog

box after “Path=."
+ Select <..> and press SET to move up to the parent directory.

10. Press ESC to close the File List dialog box.

File List File List
Path = Ram0-0 Path = USBO-0-Power_T2
Space 20848640 byte Space 499482624 hyte
File Mame Size Date Attribute| File Name Size Date Attribute
- -
[RamO-0 1 [RAMO-0
[use0-0 1 LusBo-0
[usB1-0 1 [use1-0
<.. >
» <P_Data > 2008-05-15 18:50 R-W
TESTO001 -C8Y 28054 2008-05-15 18:55 R/W
TESTOOOD -C8Y 28054 2008-05-15 18:55 R-W
- -

9-8
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9.5 Choosing Where to Store Numeric Data

Setting Comments and the Name of the File that You Want to Save to
11. Use the cursor keys to select File Name.
12. Press SET. A keyboard appears on the screen.
13. Use the keyboard to enter the file name.

For instructions on how to use the keyboard, see section 3.14, “Entering Values
and Character Strings.”

14. Use the cursor keys to select Auto Naming.
15. Press SET to select ON or OFF.
16. Use the cursor keys to select Comment.

17. Press SET. A keyboard appears on the screen.
Enter text just as you did in File Name.

Selecting Automatic CSV File Conversion
18. Use the cursor keys to select CSV Convert.

19. Press SET to select Auto or Manual.

Store File Settings

Save Path = RAMO-0

File Name [ | Auto Naming
Comment

CSV Convert

IM 760201-01E
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9.5 Choosing Where to Store Numeric Data

Explanation

About Stored Data Saving

» Stored data is saved to files in binary format (with .wts extensions).

» Measurement conditions, settings, and other information about the stored data are
saved in binary format to header files (with .hds extensions).

» Up to 1 GB of data can be stored if the storage medium is set to USB memory.

» The capacity of the internal RAM disk is 20 MB.

File Extensions

Data Type Extension Size (in bytes)

ASCII .csv Approximately 3 K (when storing the data types specified by
Preset1 for one element 10 times)
Binary .wts When the integration time is not included

Approximately (4 x D, + 16) x store count
When the integration time is included
Approximately (4 x D + 16 + 16 x T;) x store count
where Dn = the number of stored numeric data types
the number of stored numeric data types = the no. of
measurement functions x (no. of elements + no. of
wiring units)
T; = the number of stored integration times (the number of
elements).
.hds Approximately 8KB

Selecting the Storage Medium and Directory
The storage medium and directory that will be saved to are displayed in the File List

dialog box.

Currently selected storage medium and directory

File List
Path = RAMO-0
Space 20848640 byte
File Name Size Date Attribute]
-~
1 [Ramo-0 1
—[ [UsSBO-D 1
H [usB1-0 1
| P_Datad0OZ -HDS 8200 2008-05-15 13:17 R/W
P_Datall002 TS 60 2008-05/15 13:17 R“W
P_Datal001 -HDS 8200 2008-05-15 13:15 R/W
P_Datal001 JWTS 300 2008-05-15 13:15 R-W
P_Datal000 .HDS 8200 Z2008-05-15 13:14 R-W
|} P_Data0000 JWTS 300 2008-05-15 13:14 R-W
b
Directory

Storage medium

Media Type Display Examples

[RAMO-0]: The internal RAM disk

[USBO0-0]: USB memory with an ID number of 0
[USB1-0]: USB memory with an ID number of 1
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9.5 Choosing Where to Store Numeric Data

File Names and Comments

You must enter a file name. You do not need to enter a comment.
You cannot enter a file name if there is another file in the same directory with that
name (no overwriting).

Usable Characters and Maximum String Lengths

Setting Max. Length Usable Characters

File name 1 to 8 characters 0-9, A-Z, %, _, parentheses, and minus signs
Comment 0 to 25 characters  Spaces and all characters that are displayed on the keyboard

Auto Naming Feature

If you set Auto Naming to ON, the WT500 will automatically assign a four digit number to
the files that it saves, from 0000 to 0999. You can set a common file name to put before
the number (by specifying it in File Name; the name can have up to eight characters).

Selecting Automatic CSV File Conversion

You can automatically create ASCII CSV files from stored numeric data (.wts) and header
(-hds) files.

Auto: After numeric data is stored, it is automatically converted into an ASCII (.csv)

file.

*  When the numeric data storage medium is the internal RAM disk
(“IRAMO0-07"), the CSYV file is created on the USB memory device whose ID
number is 0.

 If the numeric data storage medium is USB memory (“[lUSB0-0]" or
“[USB1-0]"), the CSYV file is created in the same directory as the numeric
data files that it is converted from.

Manual:  ASCII (.csv) files are not automatically created. After storage has finished,

you can select stored numeric data files and convert them to CSV files. For
information about converting files to CSV format, see section 9.7, “Converting
a Stored Binary Format File to CSV Format.”

IM 760201-01E
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9.5 Choosing Where to Store Numeric Data

No

te

When you save numeric data, places without numeric values either contain blank spaces

or one of these strings: NAN, +INF, -INF, or ERROR. (The places that contain blank spaces
are in functions such as the ones for the 0th and 1st harmonic orders of fU and fl, where the
screen display is also blank.)

Up to 1000 files and directories can be displayed in the file list. If there are more than a total
of 1000 files and directories in a given directory, the file list for that directory will only display
1000 files and directories. There is no way to set which files and directories are displayed.
Files without archive attributes are not displayed in the File List window. Do not clear the
archive attributes of files on your PC that were saved using the WT500.

File paths can be displayed using up to 41 characters. If a path exceeds 41 characters, an
ellipsis appears at the end of the character string.

File names are not case-sensitive. Comments are case-sensitive. The following file names
cannot be used due to MS-DOS limitations:

AUX, CON, PRN, NUL, CLOCK, COM1 to COM9, and LPT1 to LPT9

A directory can contain up to 1000 files. To save more than 1000 files, either start saving to
a different directory, or move already saved files to a different directory.

If there are a large number of files on a single directory, the amount of time that it takes to
write to and read files becomes longer. If this happens, start saving files to a directory with
less files, or move the files in the save destination to a different directory.

Larger numeric data files take longer to store. The storage of a new file does not start until
the storage of the preceding file finishes. When files are large and take a long time to store,
data loss may occur. If this occurs, the storage condition indicator displays an asterisk (see
“Explanation” in section 9.6 for details).

If you choose to store data through USB and the write speed of the connected USB device
is slow, a new numeric data storage operation may begin before the previous operation is
finished, and some of the numeric data may be lost. If this occurs, the storage condition
indicator displays an asterisk (see “Explanation” in section 9.6 for details). You can prevent
the loss of numeric data during storage by:

» Lowering the numeric data update rate.

* Reducing the number of stored data types.

» Using faster USB memory.

Please be aware that the number of times that you can write to USB memory is limited.

9-12
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9.6 Storing Numeric Data

Procedure

If you are storing numeric data for the first time after turning the power switch on,
proceed to step 1. If you have stored numeric data in the past, proceed to step 3 to
initialize storage.

Starting the Storage Operation
1. Press STORE. Depending on the storage mode (see section 9.2 for details),
storage will start under one of the following conditions:

* In Manual Mode
Storage starts immediately. The store key lights, and “Store:Start” appears in
the upper left of the screen.

* In Real Time Mode
The WT500 enters into a storage-ready state. The STORE key blinks, and
“Store:Ready” appears in the upper left of the screen. Storage starts at the
scheduled storage start time. The store key lights, and “Store:Start” appears
in the upper left of the screen.

* In Integration Synchronization (Integ Sync) Mode
The WT500 enters into a storage-ready state. The STORE key blinks, and
“Store:Ready” appears in the upper left of the screen. Storage starts when
integration starts. The store key lights, and “Store:Start” appears in the upper
left of the screen.

Manually Stopping the Storage Operation

2. After starting storage, you can press STORE again to stop storage. The STORE
key light turns off.

Automatically Stopping the Storage Operation

2. Depending on the storage mode, storage will stop, and the STORE key light will
turn off under one of the following conditions:

e In Manual Mode
Storage will stop when the store count is reached, when there is no more
available memory, or when the maximum amount of storable data (1 GB) has
been stored. “Store:Stop” appears in the upper left of the screen.

* In Real Time Mode
Storage will stop when the store count has been reached, at the scheduled
storage end time, or when the maximum amount of storable data has been
stored. “Store:Stop” appears in the upper left of the screen.

* In Integration Synchronization Mode
Storage will stop when the store count has been reached, when integration
stops, or when the maximum amount of storable data has been stored. “Store:
Stop” appears in the upper left of the screen.

Resetting the Storage Operation

3. After storage has stopped, press STORE again.
The storage condition indicator is cleared.

Nofte

Stored files are retained when you reset a storage operation.
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9.6 Storing Numeric Data

Explanation

Before you can start storing numeric data, you must set the storage mode, store count,
store interval, and the scheduled storage start and end times. This section explains how
to start and end storage. For instructions on how to set the storage mode, see section 9.2.
For instructions on how to set the store count, store interval, and storage start and end
times, see section 9.4.

Storage-Related Display Indications
When storage is started or stopped, the storage condition and store count appear at the
left of the screen.

When storage is in progress When the WT500 is ready to store  After storage has stopped
Normal Mode Uover : Normal Mode Uover : Normal Mode Uover :
Store:Start 4 Iover: Store:Ready 0 Iover: Store:Stop 46 Iover:
B : chimge items B : change items B : change items

Number of times storage has taken place

Store condition

Starting the Storage Operation

» Storage will start under different conditions depending on the storage mode (see
section 9.2 for storage mode details). For details, see the storage start instructions
earlier in this section.

* You cannot start storage if the storage operation has not been reset.

» You do not need to reset the storage operation the first time you start storage after
turning the power on.

Stopping the Storage Operation

* You can use the STORE key to stop storage manually.

» Storage will stop under different conditions depending on the storage mode. For
details, see the storage stop instructions earlier in this section.

Resetting the Storage Operation
After you have stopped storage, you must reset the storage operation in order to start

storing again.

How Numeric Data Is Stored

Numeric data is either stored to USB memory or to the internal RAM disk. When you turn
off the WT500 power, the contents of the internal RAM disk are lost. If you choose to
store numeric data to the internal RAM disk, save it to USB memory before you turn off
the WT500.

Nofte

» During storage, no icons appear to indicate that storage medium is being accessed.

» For items with no numeric data, “NAN” (no data) is stored.

*  When integration is not taking place, the integrated value will be stored as “NAN” (no data),
because no integrated value exists. The integration time will also be stored as “NAN” (no
data).

* The maximum harmonic order that can be stored is determined by the maximum harmonic
order set in the harmonic measurement (option) menu. For harmonic orders with no numeric
data, “NAN” (no data) is stored.

» If you hold the display by pressing HOLD during storage, the numeric values when you
pressed HOLD are stored. However, during integration, values being measured are stored.

» If the store interval is set to 00:00:00 and you hold the display by pressing HOLD during
storage, storage stops. Storage does not stop during integration.

9-14
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9.7 Converting a Stored Binary Format File to CSV
Format

Procedure
1. Press SHIFT+STORE (STORE SET) to display the Store Set menu.

2. Use the cursor keys to select File Settings.

3. Press SET to display the Store File Settings dialog box.

Converting to CSV Format
4. Use the cursor keys to select File List.
5. Press SET to display the File List dialog box.

6. Use the cursor keys to select the stored data file that you want to convert to a
CSV file.

* You can select either a stored data file ((WTS extension) or a header file (.HDS extension).

7. Press SET to confirm the selection and to convert the selected file into a CSV file.

Store Set Store File Settings File List
— Path = USB0-0
~ Space 20848640 byte
Settings Save Path = USBO-0 File Name Size Date Attributel
» File Name Auto Naming [ OFF O » RAMD-0 ] -
Settinas Comment. I I [uUsBO-0 1
- [usg1-0 1
CFile SV Convert [ Storeonoo .HDS 8200 20080613 D9:33 R/W
Settings | storeoooo TS 740 2008-06-13 09:33 RAW
You can convert the
data to CSV format by -
selecting either file. *
File List
Path = USBO-0
Space 20774912 byte
File Name Size Date Attribute
F.
[RAMO-0 1
[usgo-0 1
[use1-0 1
Converted CSV file Store0000 .CSY 2638 2008-06-/13 16:32 RW
Store0000 .HDS 8200 2008-06-13 09:33 RW
Store0000 WTS 740 2008/06-13 09:33 RAW
-
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9.7 Converting a Stored Binary Format File to CSV Format

Explanation

Converting to CSV Format

After storage has finished, you can select stored numeric data files and convert them to

CSV files.

* When you convert data that is stored on the internal RAM disk ({RAMO0-07"), the CSV
file is created in the root directory of the USB memory device whose ID number is 0.

* When you convert data that is stored to USB memory (“lUSB 0-0]" or “[USB1-0]"), the
CSV file is created in the same directory as the numeric data files that it is converted
from.

Nofte

CSV files are created from a pair of files that consists of a stored numeric data file (.wts) and a
header file (.hds) with the same name. Do not change the names of stored numeric data (.wts)
and header (.hds) files for different sets of data to the same name. If you do so, the WT500
may malfunction and the storage medium may be damaged.
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Chapter 10 Saving and Loading Data

10.1 Panel Keys and Setup Menus Used in This

Chapter

Panel Keys Used in This Chapter

©nO

()

Cursor keys

®: Y @,

P ) —— Select and confirm menu items

T N

_/

10.4 Saving Screen Image Data

10.4 Saving Screen Image Data

Displays the FILE menu (see below for the contents of the menu)

Setup Menus Used in This Chapter

To set a parameter, access its menu by pressing the appropriate panel key.
The setup menus and menu items used in this chapter are shown below, along with the
sections that correspond to their operating instructions.

10.3 Saving Setup Parameters, Waveform Display Data,
and Numeric Data
10.5 Loading Setup Parameters

105 Loading Setup Parameters

10.3 Saving Setup Parameters, Waveform Display Data,
and Numeric Data

10.6 Deleting Files
10.7 Copying Files

File
{ File Item
Setup
4
Load
FILE key {
-> |
4
uUtility
File
A File Item
Numeric
4
List I'tem
4
|

10.3 Saving Setup Parameters, Waveform Display Data,
and Numeric Data
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10.2 About USB Memory

USB PERIPHERAL Interface Specifications

Item Specification

Connector type USB type A (receptacle)
Electrical and mechanical specifications USB 2.0

Data rate 480 Mbps max.

Power supply 5V, 500 mA’ (for each port)
Ports 2

* You cannot connect devices whose maximum current consumption exceeds 100 mA to two
different ports on the WT500 at the same time.

Ports
1234
||LJ LJLJLJ|| ||'I:|'I:|'I:|'EI'||
Pin No. Signal Name
1 VBUS: +5V
2 D-: —Data
3 D+: +Data
4 GND: Ground

Usable USB Storage Devices
The WT500 can use USB flash memory (that meets the USB Mass Storage Class

specifications).

Connecting USB Memory
Connect USB memory to the WT500 directly, not through a USB hub. You can connect

or disconnect USB memory at any time regardless of whether the WT500 is on or off
(hot-plugging is supported). Whether you connect to the left or right USB port, the port
that you connect USB memory to first is recognized as storage medium [USB0-0]. When
the power switch is on, the USB memory is detected and enabled approximately few
seconds after it is connected (the time varies depending on the USB memory). The
detected USB memory is automatically assigned an ID number (of 2 or greater).

Nofte
* Do not connect USB devices other than USB keyboards or USB memory to the USB
PERIPHERAL ports.
e The WT500 has two USB PERIPHERAL ports. However, USB devices whose maximum
current consumption exceeds 100 mA cannot be connected simultaneously to the two ports.

CAUTION

» Do not remove USB memory or turn off the power when the memory is being
accessed. If you do so, the data on the USB memory may be corrupted.

* Anicon in the upper left of the screen indicates when USB memory is being
accessed. However, this icon does not appear when USB memory is being
accessed through the storage feature.
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10.2 About USB Memory

General USB Handling Precautions
Follow the general handling precautions that are included with your USB memory.
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10.3 Saving Setup Parameters, Waveform Display
Data, and Numeric Data

Procedure

1. Press FILE to display the File menu.

Selecting the Type of Data That You Want to Save
2. Use the cursor keys to select File ltem.
3. Press SET to display the data type selection box.
4. Use the cursor keys to select a data type from Setup to Numeric.
5

Press SET to confirm the selection.

If you select Setup or Wave, proceed to step 11 in “Executing or Canceling the Save
Operation” on page 10-6.

If you select Numeric, proceed to “Selecting What Numeric Data to Save” on page 10-5.

File
File Item Setup)
Setup Wave
Al Numeric
Load
Cl
Save
Cl
Utility
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10.3 Saving Setup Parameters, Waveform Display Data, and Numeric Data

Selecting What Numeric Data to Save
Selecting What Types of Numeric Data to Save

6. Use the cursor keys to select List Item.

7. Press SET to display the List Item dialog box.

¢ Selecting All Numeric Data Types
8. Use the cursor keys to select All ON (next to Preset).
9. Press SET. The indicators to the left of all elements and measurement functions
light to show that they will be saved.
* Unselecting All Numeric Data Types
8. Use the cursor keys to select All OFF (in the Preset row).

9. Press SET. The indicators to the left of all elements and measurement functions
turn off to show that they will not be saved.

File List I'tem
File Item Preset [(2)all ON [Tall OFF[@Preseti[ClPreset?
Humeric Element [(gElem1 [C)Elem? [(C]Elem3 [0)=
A Function [DlUmn [Oludc [Eurmn  [@wac
List Item » mn (l]d[: )l\rmn ‘;a[:

™

peak (2)1+peak (2]I-peak [ZiCfu [@lcf1
=)

Save [ohwp+ [olwp— (@)q [©)g+ -
[Slws (@wa
(@2
[oJF2 [TF3 [TIF4
[EIF6 [EIF7 (B[]
Eulk) k) [@ek)  [@sk)  [@olk) @Ak
(k)  [Eulk) [EIlk)
[Euhdf (IR Thdf (k) ([DPhdf (k) ([EUthd  (©l1thd  ([©Pthd
[Eeui-uj [EWui-uk [De0i-1i Eeui-1j Coi-1k
F [©)AF1 [o)AF2 [©AF3 [0)AF4
Utility

¢ Selecting a Preset Group of Numeric Data Types
8. Use the cursor keys to select Preset1 or Preset2 (in the Preset row).

9. Press SET. The indicators to the left of the elements and measurement functions
that have been preset to Preset1 or Preset2 light to show that they will be saved.

Items Selected by Preset1 Items Selected by Preset2
List Item List Ttem
Preset [@all ON (9)all OFF([@Preseti(@Preset? Preset [OAl1 ON (9)all OFF(@Preset1(cPreset2
Element [(®Elem1 [(#Elem? [(®Elemd [C= Element [®Elem1 (®Elem? (®Elem3 (@

Function rms  (TUmn [@ude Eurmn  ([@uac Function [@Urms  (OUmn [@udc @urmn  (@uac

(2] Trmn [@)1dc ©l1rmn  (9Iac [B1rms  [©)Imn [©)1dc ®Irmn  ([©Iac
o [BA (®e P 6] (@ G =
reql [@)Frequ  (2Freql
(2u-peak (@)1+peak (QlI-peak (ZCfu [@cit [Qu+peak (2u-peak (@)1+peak [0JI-peak [D)cfu [Ectr
e+ [we- @y [2lg+ @y~ W B+ (gw-  [gg (g che
(hus Ewa Time  (s)ws (#m0

(o2 (B3] [EF

[oJF2 (2)F3 [EIF4 [E)F1 (TF2 [E)F3 ([IF4

[@F6 [DF7 [@IF8 [OF5 [@JF6 [2JF7 (2IF8
EUk) @Ik  [([@Pk) @Sk [([Folk) [@ilk) BEuk) @Ik [EPk)  [Esk)  [@alk) [EAk)
[Eelk)  [@Eulk) [@eriky @k)  ([@ulk) (olgrlk)
[EUhdf (KY(E)Ihdf (k) [EPhdf (k)[EUthd  [©)I1thd  [EPthd [Ouhdf ([ Thdf(KI[@Phdf(K)[DUthd  ([@)1thd  (C)Pthd
[Eeui-uj [Deui-uk EPi-T1i CPUi-1j EPUi-1k [E¢ui-uj [Cwui-Uk EUi-1i [QeUi-1j [@eUui-Tk
[=4F1 (2)aF2 [24F3 ([©MF4 [BJ4F1 (o)dF2 [@)4F3 (D)AF4
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10.3 Saving Setup Parameters, Waveform Display Data, and Numeric Data

» Setting Numeric Data Types One by One

8. Use the cursor keys to select the element or measurement function that you
want to set.

9. Press SET. If the indicator to the left of the element or measurement function that
you selected lights, its corresponding numeric data will be saved. If the indicator
turns off, its corresponding numeric data will not be saved.

Executing or Canceling the Save Operation
10. Press ESC to close the List Item dialog box.

11. Use the cursor keys to select Save.

12. Press SET to display the Save menu.

13. Use the cursor keys to select File List.

14. Press SET to display the File List dialog box.

Selecting a Storage Medium

15. Use the cursor keys to select the storage medium (displayed using brackets) that
you want to save to.

16. Press SET to confirm the selection.

Selecting a Directory
(Follow these procedures if the storage medium has directories.)

17. Use the cursor keys to select the directory (displayed using < >) that you want to
save to.

18. Press SET to confirm the selection.

The selected storage medium and directory appear in the upper left of the File List
dialog box after “Path=."

File Save Menu File List
Path = USBO-D
€ rile rtem Space 499482624 byte
File List File Name Size Date Attribute
Numeric -~
[RAMO-0 1
N . LusB0-0 1
List Item File Name [usB1-0 1
o001 .TIF 38574 2008-05-15 16:19 RW
a 0000 -TIF 38574 2008-05-15 16:18 R/W
Save
-
4
utility Save Exec
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10.3 Saving Setup Parameters, Waveform Display Data, and Numeric Data

Setting Comments and the Name of the File that You Want to Save to

19. Use the cursor keys to select File Name.

20. Press SET to display the Save dialog box.

21. Use the cursor keys to select Auto Naming.

22. Press SET to select ON or OFF.

23. Use the cursor keys to select File Name.

24. Press SET. A keyboard appears on the screen.

25. Use the keyboard to enter the file name.

For instructions on how to use the keyboard, see section 3.14, “Entering Values and

Character Strings.”

26. Enter text into Comment just as you did in File Name.

27. Press ESC to close the Save dialog box.

Save Menu

File List

W File Name
N —

Save Exec

Saving

28. Use the cursor keys to select Save Exec.
29. Press SET. Data is saved to the specified path (indicated after “Path =”). The

Save

Auto Naming [

OFF

' File Name |

Comment [

Save Exec menu item changes to Abort.

Aborting the Save Operation

30. Use the cursor keys to select Abort.

31. Press SET. The save operation is aborted. The Abort menu item changes to Save

Exec.

Save Menu

Save Menu

File List

Kl
File Name

Save Exec

File List

r

File Name

—————
' Abort '

IM 760201-01E
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10.3 Saving Setup Parameters, Waveform Display Data, and Numeric Data

32. Use the cursor keys to select File List.

33. Press SET to display the File List dialog box.

34. Use the cursor keys to select Filter.
35. Press SET to select Item or All.

Save Menu

[

File Name

Filter

Item All

Save Exec

10-8
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10.3 Saving Setup Parameters, Waveform Display Data, and Numeric Data

Explanation

CAUTION

Do not remove USB memory or turn off the power when that indicates USB
access or USB memory access indicators are blinking. If you do, the USB memory
may be damaged, and its data may be corrupted.

You can save setup parameters, waveform display data, and numeric data.

Saving Setup Parameters

You can save setup parameters if you select Setup in the File ltem menu.

e Setup Parameters That Are Saved
The current setup parameters for each key are saved. The date, time, and
communication setup parameters are not saved.

File Size
The size of a single setup parameter file is approximately 24 KB.

Extension
Setup parameter files are saved with a .set extension.

Saving Waveform Display Data

You can save waveform display data if you select Wave in the File ltem menu.

* Waveform Display Data That Is Saved
The waveform display data that is saved is the data that corresponds to U1 to U3 and
11 to 13 displayed on the screen (see section 7.3 for details).

* Data Format
» Waveform display data is saved in ASCII format.
* You can analyze the data on a PC.
* You cannot load the data using the WT500.

Nofte

The waveform display data that the WT500 saves is not the sampled waveform data that

is acquired at the WT500 sample rate (of approximately 100 kS/s). The sampled waveform
data is P-P compressed (see the notes in section 2.7 for details) into 1002 points to create
the waveform display data that appears on the screen and that the WT500 saves.

¢ Extension and File Size
Data Type Extension Size (in bytes)
ASCII .CsV Approximately 15 KB (when there is one displayed waveform)

IM 760201-01E
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10.3 Saving Setup Parameters, Waveform Display Data, and Numeric Data

Saving Numeric Data
You can save numeric data if you select Numeric in the File Item menu.
* Data Format

» Numeric data is saved in ASCII format.

* You can analyze the data on a PC.

* You cannot load the data using the WT500.

¢ Extension and File Size

Data Type Extension Size (in bytes)
ASCII .csv Approximately 2K (when storing the data types specified by
Preset1 for one element)

e Selecting What Numeric Data to Save

You can select what types of numeric data to save.

* You can select to store the numeric data of any of the elements or wiring units
installed in the WT500.

* You can choose to save any of the measurement functions listed below.
» Measurement functions used in normal measurement (see section 2.2 for

details)

» Measurement functions used in harmonic measurement (optional)

*  When you save numeric data, places without numeric data will be blank or contain
one of the following strings:
NAN, +INF, —INF, or ERROR.

* The places that contain blank spaces are in functions such as the ones for the Oth and 1st
harmonic orders of U and ¢!, where the screen display is also blank.

Selecting the Storage Medium and Directory
Media that can be stored to and read from are displayed in the File List dialog box.

Currently selected storage medium and directory

File List
[ _Path = USBO-0-Power_T2Z

Space 499482624 byte
File Name Size Date Attribute
-~
[RAMO-0 1
[UsSBO-D 1
[usB1-0 1
<. >
<P_Data > 2008-05-15 18:50 RW
TESTOOD1 .CSY 28054 2008-05-15 18:55 R/W
TESTOODD .CSY 28054 2008-05-15 18:55 R/W
w
Directory

Storage medium

Storage Medium Display Example

[RAMO-0]: Internal RAM disk

[USBO0-0]: USB memory with an ID number of 0
[USB1-0]: USB memory with an ID number of 0

10-10
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10.3 Saving Setup Parameters, Waveform Display Data, and Numeric Data

File Names and Comments

* You must enter a file name. You do not need to enter a comment.

» You cannot enter a file name if there is another file in the same directory with that
name (no overwriting).

Usable Characters and Maximum String Lengths
Setting Max. Length Usable Characters
File name 1 to 8 characters 0-9, A-Z, %, _, parentheses, and minus signs
Comment 0 to 25 characters  Spaces and all characters that are displayed on the keyboard

Auto Naming Feature

If you set Auto Naming to ON, the WT500 will automatically assign a four digit number to
the files that it saves, from 0000 to 0999. You can set a common file name to put before
the number (by specifying it in File Name; the name can have up to eight characters).

Selecting Which Files to Display in the File List Dialog Box

You can select which types of files to display in the File List dialog box.

* ltem
The only files in the selected directory that appear are those of the type set for the
File Item option in the File menu. If File ltem is set to Setup, only files with the .set
extension appear. If File Item is set to Wave or Numeric, only files with the .csv
extension appear.

« All
All of the files in the selected directory appear.

Properties
See “Properties” under “Explanation” in section 10.6.

Note

» For the meanings of the displayed measurement function symbols, see section 2.2,
“Measurement Functions and Measurement Periods”; section 2.5, “Computation”; section 2.6,
“Integration”; and appendix 1, “Symbols and Determination of Measurement Functions.”

* You can only select wiring unit £ when it has been selected according to the procedure
described in section 4.2, “Selecting a Wiring System.”

* The maximum harmonic order that can be saved is determined by the maximum harmonic
order set in the harmonic measurement (option) menu.

» File paths can be displayed using up to 41 characters. If a path exceeds 41 characters, an
ellipsis appears at the end of the character string.

» File names are not case-sensitive. Comments are case-sensitive. The following file names
cannot be used due to MS-DOS limitations:

AUX, CON, PRN, NUL, CLOCK, COM1 to COM9, and LPT1 to LPT9

» Adirectory can contain up to 1000 files. To save more than 1000 files, either start saving to
a different directory, or move already saved files to a different directory.

» If there are a large number of files on a single directory, the amount of time that it takes to
write to and read files becomes longer. If this happens, start saving files to a directory with
less files, or move the files in the save destination to a different directory.

» Because the header files saved by the WT500 use a format that is common to YOKOGAWA
measurement devices, they contain some data that is not used by the WT500.

*  The WT500 cannot load setup parameters that have been saved by a product with an
incompatible firmware version.

IM 760201-01E
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10.4 Saving Screen Image Data

Procedure

CAUTION

Do not remove USB memory or turn off the power when that indicates USB
access or USB memory access indicators are blinking. If you do, the USB memory
may be damaged, and its data may be corrupted.

1. Press SHIFT+IMAGE (MENU) to display the Screen Image Output Settings
menu.

Selecting a Data Format
2. Use the cursor keys to select Format.
3. Press SET to display the data format selection box.

4. Use the cursor keys to select one of the following data formats: TIFF, BMP, Post
Script, PNG, or JPEG.

5. Press SET to confirm the selection.

Selecting a Color Mode
(You can only select a color mode if you selected TIFF, BMP, PNG, or JPEG in step 4.)

6. Use the cursor keys to select Color.
7. Press SET to display the color mode selection box.

8. Use the cursor keys to select one of the following color modes: Color, Reverse
(white background), Gray (grayscale), or OFF.

9. Press SET to confirm the selection.

10-12
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10.4 Saving Screen Image Data

Selecting Whether or Not to Compress Data
(You can only select to compress data if you selected Color, Reverse, or Gray in step 4
and BMP in step 8.)

10. Use the cursor keys to select Compression.

11. Press SET to select ON or OFF.

Screen Image Output Settings Screen Image Output Settings
Output to [ File Save | output to
Format ) Format
Color OFF Compression Color i f\ompression
Comment. | ™ coment E—
A |
Save Path = USBO-0 save patp|| POt Script
) ) PNG
File Name [ | Auto Naming File Namé IPEG to Naming
Screen Image Output Settings Screen Image Output Settings
output to output to
Format Format
Color [ OFF ] Compression Color Gumpression
» Comment = it * Comment | ]
—
Save Pat Color Save Path = UsBO-0
File Namel| Feverse Auto Naming File Name [ | Auto Naming
Gray

Entering a Comment
12. Use the cursor keys to select Comment.
13. Press SET. A keyboard appears on the screen.

14. Use the keyboard to enter a comment.
For instructions on how to use the keyboard, see section 3.14, “Entering Values and
Character Strings.”

Selecting a Storage Medium and Directory

15. Use the cursor keys to select File List next to Save Path. 4

<

16. See “Selecting a Storage Medium” and “Selecting a Directory” under “Procedure” g

in section 9.5. ®

>

17. Press ESC to close the File List dialog box. ﬁ

o

Screen Image Output Settings File List g

Path = RAMO-0 =

Output to Space 20848640 byte tg
File Name Size Date Attribute|

Format - o

[RAMO-0 1 2

Color Compression [use0-0 1 [V

» [use1-0 1

Comnent | ]

File List

Save Path = RaMO-0

File Name Auto Naming | OFF ON
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10.4 Saving Screen Image Data

Setting the File Name

18.
19.
20.

21.
22.
23.

Executing or Canceling the Save Operation
Perform the following steps in the display that you want to save an image of.

Use the cursor keys to select File Name.

Press SET. A keyboard appears on the screen.

Use the keyboard to enter the file name.

For instructions on how to use the keyboard, see section 3.14, “Entering Values and

Character Strings.”

Use the cursor keys to select Auto Naming.

Press SET to select ON or OFF.

Press ESC to close the Screen Image Output Settings menu.

screen Image Output Settings
output to
Format
Color Compression

Comment | |

File List

Save Path = RaMD-0

Filo Name [ Auto Naming [OFF O] |

Press IMAGE. Screen image data is saved to the specified path (indicated after “Path =").
If you press IMAGE again during the save operation, the operation will be cancelled. An

icon appears in the upper left of the screen during the save operation.

10-14
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10.4 Saving Screen Image Data

Explanation

You can save screen image data.

Data Formats and Extensions

You can save screen image data to one of the following formats. The table below shows
the approximate file sizes of each format and the extensions that are automatically
assigned to them.

Format Extension Size (in bytes; values are for reference)
OFF Color Color (with compression)
TIFF tif Approximately 40 KB Approximately 310 KB —
BMP .bmp Approximately 40 KB~ Approximately 310 KB Approximately 30 KB
Post Script  .ps Approximately 80 KB — —
PNG .png Approximately 5 KB Approximately 10 KB —
JPEG .jpg Approximately 40 KB Approximately 50 KB —

Color Modes

You can select a color mode when the data format is TIFF, BMP, PNG, or JPG.
» Color: 256 colors

* Reverse: White background, black letters, colored waveforms

* Gray: 16 shades of gray

* OFF: Black and white

Turning Data Compression On or Off

You can turn data compression on and off when the data format is BMP and the color
mode is Color, Reverse, or Gray.

 OFF: Data is not compressed.

+ ON: Data is compressed using RLE.

File Names and Comments
See “File Names and Comments” under “Explanation” in section 10.3.

Selecting the Storage Medium and Directory
See “Selecting the Storage Medium and Directory” under “Explanation” in section 10.3.

Auto Naming Feature
See “Auto Naming Feature” under “Explanation” in section 10.3.
Nofte
» Up to 1000 files and directories can be displayed in the file list. If there are more than a total
of 1000 files and directories in a given directory, the file list for that directory will only display

1000 files and directories. There is no way to set which files and directories are displayed.

» If there are a large number of files on a single directory, the amount of time that it takes to
write to and read files becomes longer. If this happens, start saving files to a directory with
less files, or move the files in the save destination to a different directory.

» If you change file name extensions through a PC or some other means, the WT500 will not
be able to load the files.

» Files without archive attributes are not displayed in the File List window. Do not clear the
archive attributes of files on your PC that were saved using the WT500.

» File paths can be displayed using up to 41 characters. If a path exceeds 41 characters, an
ellipsis appears at the end of the character string.

» File names are not case-sensitive. Comments are case-sensitive. The following file names
cannot be used due to MS-DOS limitations:
AUX, CON, PRN, NUL, CLOCK, COM1 to COM9, and LPT1 to LPT9

IM 760201-01E
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10.5 Loading Setup Parameters and Displaying File

Properties

CAUTION

Do not remove USB memory or turn off the power when that indicates USB
access or USB memory access indicators are blinking. If you do, the USB memory
may be damaged, and its data may be corrupted.

Procedure

1.
2.
3.
4.
5.
6.
7.
File
File Item
Setup
Al
Load
Save
4
Utility
-

Wave

Numeric

Press FILE to display the File menu.

Use the cursor keys to select File ltem.

Use the cursor keys to select Setup.
Press SET to confirm the selection.

Use the cursor keys to select Load.

Press SET to display the function selection box.

File

4

File Item

Setup

Load

"llllllllllllll‘

Save

Utility

Press SET to display the File List dialog box and the Load menu.

File List

Load Menu

Path = RAMO-0

Space 20848640 bhyte

File Name

Size

Date

Attribute]
-~

[RAMO-0
[useo-0
[use1-0

1
1
1

Filter

Item all

Load Exec
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10.5 Loading Setup Parameters and Displaying File Properties

Selecting the Storage Medium to Load From

8. Use the cursor keys to select the storage medium (displayed using brackets) that
you want to load from.

9. Press SET to confirm the selection.

Selecting the Directory to Load From
(Follow these procedures if the storage medium has directories.)

10. Use the cursor keys to select the directory (displayed using < >) that you want to

load from.

11. Press SET to confirm the selection.
» The selected storage medium and directory appear in the upper left of the File List dialog

box after “Path=."

+ Select <..> and press SET to move up to the parent directory.

File List

File List

Path = Ram0-0

Path = USBO-0-Power_T2

Space 20848640 byte

Space 499482624 hyte

File Mame Size Date Attribute] File Name Size Date Attribute
-~ Fy
[RAMO-0 1 [RAMO—0 1
[usB0-0 1 [usB0-0 1
[usB1-0 1 [usB1-0 1
<o >
- <P_Data > 2008-05-15 18:50 R/W

TEST0001
TESTO000

-CSY
-CSY

28054
28054

2008-05-15 18:55 RW
2008-05-15 18:55 RW

Selecting a File to Load

12. Use the cursor keys to select the file you want to load.

Loading

13. Use the cursor keys to select Load Exec.

14. Press SET. The selected file is loaded from the directory displayed after “Path =.”

The Load Exec menu item changes to Abort.

Aborting a Load Operation
15. Use the cursor keys to select Abort.

16. Press SET. Loading stops. The Abort menu item changes to Load Exec.

Load Menu Load Menu
Filter Filter
Item all Item All
——
W Luad e
\ m .m
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10.5 Loading Setup Parameters and Displaying File Properties

Explanation

You ca

n load setup parameters that have been saved by the WT500.

Selecting the Storage Medium and Directory

See “S

No

electing the Storage Medium and Directory” under “Explanation” in section 10.3.
te
Executing any operation other than Abort during a load or save operation will result in an

error.
Up to 1000 files and directories can be displayed in the file list. If there are more than a total
of 1000 files and directories in a given directory, the file list for that directory will only display
1000 files and directories. There is no way to set which files and directories are displayed.

If you change the file name extension of a setup parameter file through a PC or some other
means, the WT500 will not be able to load the file.

Files without archive attributes are not displayed in the File List window. Do not clear the
archive attributes of files on your PC that were saved using the WT500.

File paths can be displayed using up to 41 characters. If a path exceeds 41 characters, an
ellipsis appears at the end of the character string.

File names are not case-sensitive. Comments are case-sensitive. The following file names
cannot be used due to MS-DOS limitations:

AUX, CON, PRN, NUL, CLOCK, COM1 to COM9, and LPT1 to LPT9

When a file’s setup parameters are loaded, the settings of each key are changed to match
the loaded settings, and they cannot be changed back. We recommend that you save the
current setup parameters before loading different setup parameters.

The date, time, and communication setup parameters are not saved. So even if you load
setup parameters from a file, the date, time, and communication settings will not change.
The WT500 cannot load setup parameters that have been saved by a product with an
incompatible firmware version.

The WT500 cannot load setup parameters that were saved by an instrument with a different
product version, element configuration, or with different options.
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10.6 Deleting Files

CAUTION

Do not remove USB memory or turn off the power when [2] that indicates USB
access or USB memory access indicators are blinking. If you do, the USB memory

may be damaged, and its data may be corrupted.

Procedure

Press FILE to display the File menu.

Use the cursor keys to select Utility.

Press SET to display the Utility menu and the File List dialog box.
Use the cursor keys to select Function.

Press SET to display the function selection box.

Use the cursor keys to select Delete.

NS ok w0

Press SET to display the Delete menu.

File Delete
1

[

File Item Function

Setup Delete
< et

Load Set/Reset

Save all set

Filter

Item aAll

=

utility Delete Exec
R— |

File List Delete

Path = RAMO-0 q
Space 20848640 byte Function
File Name Size Date Attribute

- Delete

[RAMO-0 1
[use0-0 1
[usB1-0 1 Set/Reset

All set

Filter

Item all

Delete Exec
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10.6 Deleting Files

Selecting a Storage Medium and Directory

8. See “Selecting the Storage Medium to Load From” and “Selecting the Directory to
Load From” under “Procedure” in section 10.5.

Selecting Which Files to Display in the File List Dialog Box

9. See “Selecting Which Files to Display in the File List Dialog Box” under “Procedure”
in section 10.5.

Deleting Files One by One
10. Use the cursor keys to select the file you want to delete.

11. Use the cursor keys to select Set/Reset. If an asterisk appears next to the file, it
will be deleted when you execute the delete operation. If the asterisk next to a file
disappears, it will not be deleted when you execute the delete operation.

Proceed to step 16.

Deleting All of the Files in a Directory or Storage Medium
10. Use the cursor keys to select a file, directory, or storage media.
11. Use the cursor keys to select All Set.

12. Press SET. Asterisks will appear next to all of the files in the displayed directory,
and these files will be deleted when you execute the delete operation. The All Set
menu item changes to All Reset. Even if an asterisk appears next to the name of
a directory, the directory will not be deleted.

13. Use the cursor keys to select All Reset.

14. Press SET. The asterisks next to the files in the displayed directory will disappear,
and these files will not be deleted when you execute the delete operation. The All
Reset menu item changes to All Set.

Executing the Delete Operation
15. Use the cursor keys to select Delete Exec.

16. Press SET to delete every file that has an asterisk next to it.

L
* Data000D

-SET

24672 2008-05-16 12:05 RW

File List Delete
Path = USBO-0-P_Data TEST1 q
Space 499482624 byte Function
File Name Size Date Attribute]
- Delete
[RAMO-0 1 i
[usB0-0 1
[usB1-0 1 Set/Reset

Selects a single file to delete

a1l Set Selects a group of files to delete

Filter

Item All

File that will be deleted

S —
Delete Exec-ﬂ*Executes the delete operation
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10.6 Deleting Files

Explanation

Selecting the Storage Medium and Directory
See “Selecting the Storage Medium and Directory” under “Explanation” in section 10.3.

Selecting Which Files to Display in the File List Dialog Box
See “Selecting Which Files to Display in the File List Dialog Box” under “Explanation” in
section 10.3.

Selecting Which Files to Delete
» Afile with an asterisk next to it will be deleted when you execute the delete operation.
» There are two ways to select the files that will be deleted:
* Oneatatime
You can put a single asterisk next to a file by using Set/Reset.
* As agroup
You can use All Set to select all of the files in the current directory. Asterisks will
appear next to the file names. Asterisks will also appear next to directory names,
but the directories will not be deleted.

Note

» Deleted data cannot be recovered. Be careful not to delete the wrong files.

» Deletion will stop if an error occurs while the WT500 is deleting files.

» Up to 1000 files and directories can be displayed in the file list. If there are more than a total
of 1000 files and directories in a given directory, the file list for that directory will only display
1000 files and directories. There is no way to set which files and directories are displayed.

» Files without archive attributes are not displayed in the File List window. Do not clear the
archive attributes of files on your PC that were saved using the WT500.

» File paths can be displayed using up to 41 characters. If a path exceeds 41 characters, an
ellipsis appears at the end of the character string.

IM 760201-01E

10-21

ejeq Buipeo pue Buireg E



10.7 Copying Files

CAUTION

Do not remove USB memory or turn off the power when [2] that indicates USB
access or USB memory access indicators are blinking. If you do, the USB memory

may be damaged, and its data may be corrupted.

Procedure

1. Press FILE to display the File menu.
2. Use the cursor keys to select Utility.
3. Press SET to display the Utility menu and the File List dialog box.
4. Use the cursor keys to select Function.
5. Press SET to display the function selection box.
6. Use the cursor keys to select Copy.
7. Press SET to display the Copy menu.
File Delete
4 File Item 4 Function
Setup Delete
4 —
Load Set/Reset
4
Save all set
Filter
Item all
=
utility Delete Exec
N —,
File List Copy
Path = RAMO-0 q
Space 20848640 byte Function
File Name Size Date Attribute)
Y Copy
[RAMO-0 1
[use0-0 1
[usB1-0 1 Set/Reset
Data0002 -SET 24672 2008406713 11:27 R-W
Data0001 -SET 24672 2008-06-13 11:25 R-W
Data0001 -CSY 1664 2008-06-13 10:39 R-W
Data0000 -C8Y 41912 2008/06-13 10:38 R-W All Set
» Data0000 -SET 24672 2008-06-13 10:38 R-W
Filter
Item All
b
4
Dest Dir
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10.7 Copying Files

Selecting the Source Storage Medium and Directory to Copy From

8. See “Selecting the Storage Medium to Load From” and “Selecting the Directory to
Load From” under “Procedure” in section 10.5.

Selecting Which Files to Display in the File List Dialog Box

9. See “Selecting Which Files to Display in the File List Dialog Box” under “Procedure”
in section 10.5.

Copying Files One by One
10. Use the cursor keys to select the file you want to copy.

11. Use the cursor keys to select Set/Reset. If an asterisk appears next to the file, it
will be copied when you execute the copy operation. If the asterisk next to a file
disappears, it will not be copied when you execute the copy operation.

Proceed to step 16.

Copying All of the Files in a Directory or Storage Medium
10. Use the cursor keys to select a file, directory, or storage medium.
11. Use the cursor keys to select All Set.

12. Press SET. Asterisks will appear next to all of the files in the displayed directory,
and these files will be copied when you execute the copy operation. The All Set
menu item changes to All Reset.

13. Use the cursor keys to select All Reset.

14. Press SET. The asterisks next to the files in the displayed directory will disappear,
and these files will not be copied when you execute the copy operation. The All
Reset menu item changes to All Set.

Selecting the Directory to Copy To
15. Use the cursor keys to select Dest Dir.

16. Press SET to display the Copy Execution menu and the File List dialog box.

File List Copy
Path = RAMO-0 1
Space 20848640 byte Function
File Name Size Date Attribute)
- Copy
[RAMO-0 1 y
[usB0-0 1
[use1-0 1 Set Reset ] i i
Data0002 -SET 24672 2008-06-13 11:27 R/W Selects a Slngle file to copy
* patal001 -SET 24672 2008-06-13 11:25 R/W
P_Datal000 .CSY 1664 2008-06-13 10:39 R'W
TESTO00D .CSY 41912 2008-06-13 10:38 RW All set — Selects a group of files to copy
Data0000 -SET 24672 2008-06-13 10:38 R/W
Filter
Item All
hd
File that will be copied 7
Dest Dir Use to select the directory to copy to
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10.7 Copying Files

Selecting the Storage Medium and Directory to Copy To
17. See “Selecting a Storage Medium” and “Selecting a Directory” under “Procedure”
in section 10.3.

Executing the Copy Operation

18. Use the cursor keys to select Copy Exec.

19. Press SET to copy every file that has an asterisk next to it.

Copy Source dialog box

File List Copy
Path = RaMO-0
Space 20848640 bhyte Function
Copy
File List et/Reset
Path = USBO-0-A_Data
Space 499318784 hyte
File Name Size Date Attribute]
a1l set
[RAMO-0 1
[usB0-0 1
[usB1-0 1 Filter
<., >
Store0000 -HDS 8200 2008-06-13 09:33 R'W em All
Store0000 WIS 740 2008-06-13 09:33 R'W
Copy
Copy Exec—

Copy Destination dialog box

Executes the copy operation
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10.7 Copying Files

Explanation

Selecting a Source and Destination Storage Medium and Directory
See “Selecting the Storage Medium and Directory” under “Explanation” in section 10.3.

Selecting Which Files to Display in the File List Dialog Box
See “Selecting Which Files to Display in the File List Dialog Box” under “Explanation” in
section 10.5.

Selecting Which Files to Copy
» Afile with an asterisk next to it will be copied when you execute the copy operation.
» There are two ways to select the files that will be copied:
* Oneatatime
You can put a single asterisk next to a file by pressing Set/Reset.
» As agroup
You can use All Set to select all of the files in the current directory. Asterisks will
appear next to the file names.

Nofte

* You cannot copy a file to a destination if there is already a file with the same name in that
destination.

« After executing the copy operation, you cannot simply change the destination directory and
then recopy the same files that you copied before. You have to reselect the files that you
want to copy.

» Copying will stop if an error occurs while the WT500 is copying files.

* Up to 1000 files and directories can be displayed in the file list. If there are more than a total
of 1000 files and directories in a given directory, the file list for that directory will only display
1000 files and directories. There is no way to set which files and directories are displayed.

« Files without archive attributes are not displayed in the File List window. Do not clear the
archive attributes of files on your PC that were saved using the WT500.

» File paths can be displayed using up to 41 characters. If a path exceeds 41 characters, an
ellipsis appears at the end of the character string.
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Chapter 11 Ethernet Interface (Optional)

11.1 Panel Keys and Setup Menus Used in This
Chapter

Panel Keys Used in This Chapter

®
®
®

RESET CAL

— Select and confirm menu items

0
@

o

X
|

@
@

Displays the MISC menu

J (see below for the contents of the

Setup Menus Used in This Chapter

To set a parameter, access its menu by pressing the appropriate panel key.
The setup menus and menu items used in this chapter are shown below, along with the
sections that correspond to their operating instructions.

Misc Menu

Y verion 11.5 Checking the MAC Address ¢
4 Initialize Whether the WT500 Is Equipped

Settings with the Ethernet Interface Option
4 Remote

Control

MISC key

I 4 Date/Time

4 System Config

4 usB Network

4 Network - 4 TCR/IP Setup 11.3 Configuring TCP/IP Settings

< Selltest 4 user Account 11.4 Accessing the WT500 from a
or Workstation (FTP server feature

(reuondQ) aseyayu| Jousaylg H
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11.2 Connecti

ng to a Network

To Connect to a PC over a Network

1.
2.

100BASE-TX port
RJ-45 modular jack

Check that the WT500 power switch is off (see section 3.4 for details).

Connect one end of a UTP (or STP) cable to the ETHERNET 100BASE-TX port
on the rear panel.

Connect the other end of the UTP (or STP) cable to a hub or router.
Turn the WT500 power switch on.

Hub or router that supports 100BASE-TX

Straight UTP cable
or STP cable

Network card

To Connect to a PC Through a Hub or Router

1.
2.

Check that the WT500 power switch is off (see section 3.4 for details).

Connect one end of a UTP (or STP) cable to the ETHERNET 100BASE-TX port
on the rear panel.

Connect the other end of the UTP (or STP) cable to a hub or router.
Connect the PC to the hub or router in the same way.

Turn the power switch on (see section 3.4 for details).

Hub or router that supports 100BASE-TX

[
EITFFF'IB

WT500

Straight UTP cable or
STP cable

Network card

If you connect the WT500 to a PC through a hub or router, the PC should have a 10BASE-
T/100BASE-TX auto switching NIC or a 100BASE-TX NIC.

Use straight UTP (unshielded twisted pair) or STP (shielded twisted pair) cables that are
category 5 or better.

Do not connect the WT500 to a PC directly. Direct communication without a hub or router is
not guaranteed to work.
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11.3 Configuring TCP/IP Settings

Procedure

You must restart the WT500 or execute Bind (see page 11-6 for details) to

apply new TCP/IP settings and changes.

TCP-IP Setup

| Bind ‘

DHCP OFF  ON

‘Cnnfiguration

IP Address Co.Cm.0]. 1O

Net Mask
Gate Way

DNS

1. Press MISC to display the Misc Menu.
2. Use the cursor keys to select Network.
3. Press SET to display the Network menu.
4. Use the cursor keys to select TCP/IP Setup.
5. Press SET to display the TCP/IP Setup dialog box.
Misc Menu Misc Menu
4 System 4 System
Overview Overview
4 Initialize 4 Initialize
settings Settings
4 Remote 4 Remote
Control Control
4 DatesTime I 4 Date/Time I
4 System Config Network | System Config
4 UsB 4 TCP/IP Setup use
4 Network 4 User Account Network
4 selftest

4 Selftest

To Only Use DHCP

© o N O

10.

Use the cursor keys to select DHCP.
Press SET to select ON.

Use the cursor keys to select DNS.

Press SET to display the DNS selection box.

Use the cursor keys to select OFF.

TCP-IP Setup

DHCP [OFF _ON | | Bind ‘ ‘Cnnhguratwn

IP Address C0.Cm. o).
Net Mask [255].[Z55]. [755].[ O
Gate Way COf.Co. o).

DNS

IM 760201-01E
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11.3 Configuring TCP/IP Settings

To Only Use DNS

6. Use the cursor keys to select DHCP.
7. Press SET to select OFF.

Entering the IP Address

8. Use the cursor keys to select IP Address.

9. Press SET to display the IP address entry box.

10. Use the cursor keys to enter the IP address of the WT500.
11. Press SET or ESC to close the entry box.

12. Enter all four octets of the IP Address.

TCP/IP Setup

| Bind | |Cunliguratinn|

IP Address m 0. 0.0

el Masl L£3]. [£99]. [£09]. [ U]

Gate Way COo.CO.C0. 0
DNS

Entering the Subnet Mask

Enter the subnet mask according to the system or network that the WT500 belongs
to. If the system or network does not require a subnet mask, proceed to “Entering the
Default Gateway.”

13. Use the cursor keys to select Net Mask.

14. Enter all four octets of the subnet mask of the network that the WT500 belongs to
just as you did for the IP address.

Entering the Default Gateway

Enter the default gateway according to the system or network that the WT500 belongs
to. If the system or network does not require a default gateway, proceed to “Turning
On the DNS.”

15. Use the cursor keys to select Gate Way.

16. Enter all four octets of the default gateway of the network that the WT500 belongs
to just as you did for the IP address.

Turning DNS On

17. Use the cursor keys to select DNS.

18. Press SET to display the DNS selection box.
19. Use the cursor keys to select ON.

20. Press SET to confirm the selection.
The DNS settings appear.
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11.3 Configuring TCP/IP Settings

Entering the Domain Name
Enter the domain name of the system or network that the WT500 belongs to.

21. Use the cursor keys to select Domain Name.
22. Press SET. A keyboard appears on the screen.

23. Use the keyboard to enter the domain name of the network that the WT500
belongs to.
For instructions on how to use the keyboard, see section 3.14, “Entering Values and
Character Strings.”

Entering the Address of the Primary DNS Server
24. Use the cursor keys to select DNS Server1.

25. Enter all four octets of the primary DNS server address just as you did for the IP
address.

Entering the Address of the Secondary DNS Server

Enter a secondary DNS server address if the system or network that the WT500
belongs to uses a secondary DNS server. If a secondary server is not necessary,
proceed to “Entering the Primary Domain Suffix.”

26. Use the cursor keys to select DNS Server2.

27. Enter all four octets of the secondary DNS server address just as you did for the
domain name.

Entering the Primary Domain Suffix
If a domain sulffix is required:

28. Use the cursor keys to select Domain Suffix1.

29. Enter the primary domain suffix just as you did the domain name.

Entering the Secondary Domain Suffix
If there is a secondary domain suffix:

30. Use the cursor keys to select Domain Suffix2.

31. Enter the secondary domain suffix just as you did the domain name.

TCP/IP Setup

DHCP  [OFF O] ‘ Bind ‘ ‘Cnnfiguratinn
IP Address [ 0. 0. 0.0
Het Mask [255].[255].[755].[ 0]
Gate Way [COo.Co.0.0

s [ oW ]
Domain Name [
DNS Server1 [ 0. 0. 0].0O]
DNS Server? [ 0].[_0].[_0].[_0]

Domain Suffixi] ]

Domain Suffix2| ]
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11.3 Configuring TCP/IP Settings

To Use Both DHCP and DNS

6.
7.
8.

9. Press SET to display the DNS selection box.

10. Use the cursor keys to select ON or Auto.

Use the cursor keys to select DHCP.
Press SET to select ON.

Use the cursor keys to select DNS.

If you select ON, you must enter the necessary information by following the
procedures from “Entering the Domain Name” through “Entering the Secondary

Domain Suffix” on the previous page.

If you select Auto, you do not have to enter the information that you would
normally enter by following the procedures from “Entering the Domain Name”
to “Entering the Secondary Domain Suffix” because the WT500 uses the DHCP

server to automatically enter the information for you.

TCP-IP Setup

Configuration

DHCP [OFF__ON | | Bind |
IP Address [ 0. 0).0.10)
Net Mask [#55]. [755] . [755] . 0]
Gate Way ...

Executing Bind

Execute Bind to apply new TCP/IP settings and changes.

1.
2.

Use the cursor keys to select Bind.

Press SET to execute Bind.

TCP/IP Setup

IP address [Cm.CO.o.Cm

Net Mask [255].[255].[255]. 0]

Gate Way [o].o].0.10
DNS
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11.3 Configuring TCP/IP Settings

Viewing the Settings

Explanation

1. Use the cursor keys to select Configuration.

2. Press SET. The settings appear.
Press ESC to close the setting information.

Network Information

DHCP = OFF

IP Address : 0. o. 0. 0
Net Mask : 255.255.255. 0
Gate Way : 0. 0. 0. 0
DNS1 : 0. 0. 0. 0
DNSZ : 0. 0. 0. 0O

Domain Name :
MAC Address @ xxXXxxx_xXxx_xxx

To use the WT500 Ethernet interface features, you must configure the DHCP, IP address,
subnet mask, default gateway, and DNS settings.
Consult your system or network administrator about these settings.

DHCP (Dynamic Host Configuration Protocol)

DHCP is a protocol that temporarily allocates necessary information to a computer so
that it can connect to the Internet. When a DHCP server exists on a network, the server
automatically assigns the information below to PCs and other devices connected to the
network that have DHCP enabled.

IP address
Subnet mask
Default gateway
Broadcast

DNS

The WT500 can only use DHCP if there is a DHCP server on the network. Ask your
network administrator whether DHCP is available.

When the WT500 DHCP setting is switched from OFF to ON, it may take tens of
seconds before the IP address can be retrieved.

Different information may be assigned to the WT500 each time it is turned on. When
accessing the WT500 from a PC using the FTP server feature (see section 11.4), you
must check the WT500 network settings, such as the IP address, each time you turn
the WT500 on.

IP (Internet Protocol) Address
You can set the IP address assigned to the WT500. The default address is 0.0.0.0.

The IP address is an ID that is assigned to each device on an IP network (Internet or
intranet).

An IP address is a 32-bit value that is expressed using four octets. Each octet is
separated by a period and has a value from 0 to 255, as in “192.168.111.24.”

Obtain an IP address from your network administrator.

The IP address is automatically set in networks that use DHCP.

IM 760201-01E
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11.3 Configuring TCP/IP Settings

Subnet Mask
You can set the mask value used to determine the subnet network address from the IP
address. The default value is 255.255.255.0.

Huge TCP/IP networks such as the Internet are often divided up into smaller networks
called subnetworks. The subnet mask is a 32-bit value that specifies the number of
bits of the IP address that are used to identify the network address. The remaining
portion of the network address is the host address that identifies individual computers
on the network.

Consult your network administrator for the subnet mask value. You may not need to
set a subnet mask.

The subnet mask is automatically set in networks that use DHCP.

Default Gateway
You can set the IP address of the gateway used to communicate with other networks
(which is referred to as the default gateway). The default address is 0.0.0.0.

The default gateway handles data exchange between multiple networks and protocols
so that data transmission proceeds smoothly.

Consult your network administrator for the default gateway value. You may not need
to set a default gateway.

The default gateway is automatically set in networks that use DHCP.

DNS (Domain Name System)

DNS is a system that correlates combinations of host names and domain names to IP
addresses. In an address such as AAA.BBBBB.com, AAA is the host name, and BBBBB.
com is the domain name. You can use a host name and domain name to access the
network instead of a numeric IP address.

Set the domain name, the DNS server address, and the domain suffix. In a network
that supports DHCP, these values can be set automatically.

You can use a name to access a network drive or printer from the WT500 instead of
an |IP address.

For details, consult your network administrator.

Domain Name

» Set the domain name of the network that the WT500 belongs to.

* You can enter up to 30 characters.

* The characters that you can use are: 0-9, A-Z, %, _, parentheses, and minus signs.

DNS Server Address

» Set the IP address of the DNS server. The default setting is 0.0.0.0.

* You can specify up to two DNS server addresses, one primary and one secondary.
If the primary DNS server is down, the WT500 automatically requests the host
name, the domain name, and the IP address from the secondary DNS server.

Domain Suffix

*  When the IP address corresponding to the server name with the specified domain
name (see “Domain Name”) is not found on the DNS server, the system may be
configured to search using a different domain name. Specify this alternate domain
name as the domain suffix.

* You can specify up to two domain suffixes, one primary and one secondary.
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11.3 Configuring TCP/IP Settings

TCP/IP Settings for Connecting over a Network

When connecting the WT500 to a network, set the TCP/IP settings as shown below
depending on whether the DHCP server and DNS server are available.

DHCP Server Is Available

DHCP Server Is Not Available

DHCP

ON

OFF

IP address

Subnet mask

Default gateway

Does not need to be set
(Automatically set by the
DHCP server)

Set manually (supplied
by your network administrator)

Set manually (check
with your network administrator)

Set manually (check
with your network administrator)

DNS Server Is Available

DNS Server Is Not Available

DNS

ON

OFF

Domain name

Set manually*

Does not need to be set

DNS server address

Set manually*

Does not need to be set

Domain suffix

Set manually*

Does not need to be set

*

consult your network administrator.

TCPI/IP Configuration Example for Connecting the WT500 to a PC through

an Independent Ethernet Network
The table below shows and example of WT500 TCP/IP settings. Follow this example
when setting the PC’s TCP/IP settings according to the procedure described later.

DHCP OFF
IP address 192.168.21.127
Subnet mask 255.255.255.0
Default gateway 0.0.0.0

DNS OFF

In a network that supports DHCP, these values can be assigned automatically. For details,

IM 760201-01E
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11.3 Configuring TCP/IP Settings

Nofte

* You must restart the WT500 or execute Bind (see page 11-6 for details) to apply new TCP/IP
settings and changes.

» If the DHCP feature is enabled and you turn the WT500 on without connecting an Ethernet
cable to it, communication and file operations may not function properly. If this happens, turn
DHCP off and then restart the WT500.

Configuring the TCP/IP Settings on a PC

To connect a PC to the WT500, you must configure PC communication settings, such as the IP

address. Configure communication settings for each NIC that is installed in the PC. This section
explains the NIC settings that must be made to connect the WT500 to a PC.

You do not need to make the IP address and other settings described below if a DHCP server
automatically assigns them.

Select Obtain an IP address automatically under the IP Address tab of the TCP/IP
Properties dialog box.
For example, if you are connecting a PC and the WT500 through an independent Ethernet
network, enter the settings as indicated in the table below. For details about the settings,
consult your system or network administrator.

Parameter  Setting Note

DHCP Specify an IP address Do not obtain an IP address automatically

(do not use DHCP)
IP address Example: 192.168.211.255  IP address of the PC
Subnet mask Example: 255.255.255.0 Set to the same value as the WT500 subnet mask

Gateway None
DNS Disable
WINS Disable

The following procedure shows how to configure the network settings on Windows XP. On

Windows NT and 2000 Pro, carry out equivalent steps accordingly.

1. On the taskbar, click Start, and then click Control Panel. The Control Panel opens.

2. Click Network and Internet Connections, and then click Network Connections.

3. Double-click Local Area Connection. The Local Area Connection Status dialog
box appears.

4. Click Properties. The Local Area Connection Properties dialog box appears.

5. Select the TCP/IP corresponding to the Ethernet NIC that is connected to your PC, and then
click Properties. The Internet Protocol (TCP/IP) Properties dialog box appears.

- 1394 Connection Properties

General | Advanced |

Connect using:

I B8 1394 Net Adapter ‘

Thiz connechion uses the following items:

: fior
g File and Printer Sharing for Microsoft MNetworks
T Metwork. Monitar Driver
% Intemet Protocal [TCPAR)

[ Ingtall... ] [ Uninstall ] [ Froperties
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11.3 Configuring TCP/IP Settings

6. Configure the settings, such as the IP address, according to the previous table, and then

click OK.
Internet Protocol (TCP/IP) Properties E|[g|
General |

You can get IP zettings aszigned automatically if your network zupports
thiz capability. Otheraize, you need to ask pour network, administratar for
the appropriate [P settings.

() Obtain an IP address automatically

(&) Use the following |P address:
IF address: | ” " r |

Subnet mask: |

|
Default gateway: |:_|

(%) Uze the follawing DMS server addresses:
Preferred DMS server: | . . . |

Alternate DNS server . - : ; .

[ ak H Cancel ]

7. Restart the PC.

(reuondQ) @seysiu| Jousayly
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11.4 Accessing the WT500 from a PC or Workstation
(FTP server feature)

Procedure

O A bR

Press MISC to display the Misc Menu.
Use the cursor keys to select Network.
Press SET to display the Network menu.

Use the cursor keys to select User Account.

Press SET to display the User Account setup dialog box.

Misc Menu Misc Menu
4 System 4 System
Overview Overview
4 Initialize 4 Initialize
settings settings
4 Remote  Remote User Account Setup
Control Control
User Name
4 Dates/Time 4 Date/Time
» » Password I |
4 System Config Network “| System Config Time Out(sec) [ 6O0 |
4 usB 4 TCP/IP Setup UsB
4 Hetwork 4 User Account MNetwork
4 Selftest 4 Selftest

11-12
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11.4 Accessing the WT500 from a PC or Workstation (FTP server feature)

Setting the User Name
6. Use the cursor keys to select User Name.
7. Press SET. A keyboard appears on the screen.

8. Use the keyboard to set the user name.
+ For instructions on how to use the keyboard, see section 3.14, “Entering Values and
Character Strings.”
» Enter “anonymous” as the user name if you do not want to require a password.

Setting the Password
(The password setting is not necessary if you set the user name to anonymous in step 8.)

9. Use the cursor keys to select Password.
10. Press SET. A keyboard appears on the screen.

11. Use the keyboard to set the password.
For instructions on how to use the keyboard, see section 3.14, “Entering Values and
Character Strings.”

Setting the Timeout Value
12. Use the cursor keys to select Time Out.
13. Press SET to display the timeout value entry box.
14. Use the cursor keys to set the timeout value.
15. Press SET or ESC to close the entry box.

User Account Setup

User Naine

Password

Time Out(sec)

Connecting to the WT500
16. Run FTP client software from a PC or workstation.

17. To access the WT500, use the user name and password that you set in steps 6 to
11.

IM 760201-01E
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11.4 Accessing the WT500 from a PC or Workstation (FTP server feature)

Explanation

You can use a PC or workstation to connect to the WT500 over a network and access its
internal RAM disk and the USB memory connected to its USB ports.
The PC or workstation must have FTP client software to access the WT500.

Setting the User Name

» Set the user name that a user can enter to gain access to the WT500.

* You can enter up to 15 characters.

» The characters that you can use are: 0-9, A-Z, %, _, parentheses, and minus signs.

» If you set the user name to “anonymous,” a PC or workstation can access the WT500
without a password.

Setting the Password

» Set the password that that a user can enter to gain access to the WT500.

* You can enter up to 15 characters.

» The characters that you can use are: 0-9, A-Z, %, _, parentheses, and minus signs.

+ If you set the user name to “anonymous,” a PC or workstation can access the WT500
without a password.

Setting the Timeout Value

If the WT500 is not accessed within a given period of time (specified by the timeout
value), it will disconnect from the network.

The timeout value can be set from 0 to 3600 s. The default value is 600 s.

Nofte

*  The WT500 can only connect to one client at a time.

* The FTP server feature does not function when the WT500 is manipulating files (see chapter
10 for details).

* In the root directory of a PC or workstation that accesses the WT500, the internal RAM disk
appears as “[RAMO0-0]", and the USB memory appears as “[USB0-0]” or “[USB1-0].”

« Before using the FTP server feature, follow the procedures in section 11.3, “Configuring
TCP/IP Settings” to configure TCP/IP settings.

11-14
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11.5 Checking the MAC Address and Whether the
WT500 Is Equipped with the Ethernet Interface
Option

Procedure

1. Press MISC to display the Misc Menu.
2. Use the cursor keys to select System Overview.

3. Press SET to display the System Overview window.
The System Overview window shows the MAC address and whether or not the WT500 is
equipped with the Ethernet interface option.

Misc Menu System Overview
4 System Model :  Wr500 (760203)
Overview Suffix : -M/C1/C7/EX3/G5/DT-V1
No. : 123456789
Version : 1.01 (DSP:3, ASIC:12.2011)
settings
==== Element Configuration ====
4 Remote Type Calibration Date Status
Control Element1:  1000v-40n 2007/10-25 19:06:32 OK OK
j Element2: 1000v-40a 2007710-25 19:06:36 OK OK
4 pates/Time ' Element3:  1000v-40a 2007/10-25 19:06:38 OK OK
options

4 System Config

Ethernet Interface [/C7] :Yes MAC Address:xxxxxx_xxx_xxx

4 usB " .
Harmonic Measure [/65] :Yes
Delta Computation [/DT] :ves
4 Network add-on Freq Measure [/FQ] :No
VGA Output L1l :ves
4 selftest

Link Date @ Dec 25 2007 11:29:20
Product ID: G8datXux

Explanation

Ethernet Interface Option Availability

Whether or not the WT500 is equipped with the Ethernet interface option is indicated
next to “Ethernet Interface” in the System Overview window.

« If “Yes” is displayed, the Ethernet interface option is installed.

+ If “No” is displayed, Ethernet interface option is not installed.

MAC Address
The WT500 MAC address is a fixed preset address. It is indicated next to “Mac Address”
in the System Overview window.

Note

The MAC address only appears on models with the Ethernet interface option. If your
WT500 is equipped with the Ethernet interface option but the MAC address is displayed as
“XXXXXX_XXX_XX,” contact your nearest YOKOGAWA dealer.

IM 760201-01E 11-15
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Chapter 12 RGB Video Signal (VGA) Output (Optional) and Other Features

12.1 Panel Keys and Setup Menus Used in This

Chapter

Panel Keys Used in This Chapter

@—— 12.3 Zero-Level Compensation

() (») —— select and confirm menu items

Setup Menus Used in This Chapter

Displays the SETUP menu
(see below for the contents of the menu)

12.3 Zero-Level Compensation,
12.4 NULL Feature,
12.5 Setting the Key and Shift Locks

12.4 NULL Feature
12.5 Setting the Key and Shift Locks

SHIFT
—_—

To set a parameter, access its menu by pressing the appropriate panel key.
The setup menus and menu items used in this chapter are shown below, along with the
sections that correspond to their operating instructions.

Setup Menu

4 Wiring

4 Ranges

4 Scaling

SETUP key 4 Sync Source

» 4 Filters

4 Update Rate

4 Averaging

4 Integration

Details...

Hide Details

4 Measure

4 User Function

4 Freq Items

4 Harmonics

4 Delta Measure

12.6 Master and Slave Synchronized Measurement

IM 760201-01E
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12.2 RGB Video Signal (VGA) Output (Optional)

RGB video signal (VGA) output
connector Transmits image signals.

¢
JULLTEY LT
With the RGB video signal (VGA) output feature, you can use a monitor as the WT500
display. You can use a VGA monitor or a multi-sync monitor that is capable of displaying
VGA.

CAUTION

* Only connect the WT500 to a monitor after turning both the WT500 and the
monitor off.

» Do not short the RGB VIDEO OUT terminal or apply external voltage to it. Doing
so may damage the WT500.

Video Signal Output Connector Pin Arrangement and Signal Assignments
The connector’s pin arrangement and signal assignments are explained in the table

below.
Pin No Signal Name Specification
1 Red 0.7 Vp-p
2 Green 0.7 Vp-p
3 Blue 0.7 Vp-p
4 —
5 —
6 GND
7 GND
8 GND
9 —_
10 GND
VIDEO-OUT

(vea) 1 —
12 —
13 Horizontal sync signal Approximately 31.5 kHz, TTL I (negative logic)
14 Vertical sync signal Approximately 60 Hz, TTL LI (negative logic)
15 —

Connecting to a Monitor
1. Turn off the WT500 and the monitor.
2. Connect the WT500 and the monitor using an RGB cable.

3. Turn both the WT500 and the monitor on. The WT500 display will appear on the
monitor.

Nofte
* An RGB video signal is always running through the video signal output connector.
« The monitor display may flicker if you place the WT500 or some other device close to it.
* Parts of the WT500 display may be cut off, depending on the type of monitor.

12-2 IM 760201-01E



12.3 Zero-Level Compensation

Procedure

Explanation

Press SHIFT+SET (CAL) to execute zero-level compensation.

Zero-Level Compensation

Zero-level compensation is the process of creating a zero-input condition using the

WT500 internal circuit and setting the level at that point to the zero level. It must be

performed to meet the specifications of this instrument (see chapter 14 for details).

» Pressing SHIFT+SET (CAL) executes zero level compensation.

» The WT500 automatically performs zero-level compensation after you change the
measurement range or input filter.

Nofte

« To make accurate measurements, we recommend that you execute zero-level compensation
after warming up the instrument for at least 30 minutes. Also, the ambient temperature
should be stable and within the specified range (see chapter 14 for details).

« If the measurement range and input filter remain the same for a long period of time, the zero
level may change due to the changes in the environment surrounding the WT500. If this
happens, we recommend that you execute zero-level compensation.

* There is a feature that automatically performs zero-level compensation during integration.
For details, see section 5.10.

IM 760201-01E
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12.4 NULL Feature

Procedure

Enabling the NULL Feature

1. Press SHIFT+MISC (NULL). The NULL feature is enabled and the NULL indicator
at the top of the screen lights.

Disabling the NULL Feature

2. When the NULL feature is enabled, press SHIFT+MISC (NULL). The NULL
indicator turns off, and the NULL feature is disabled.

Explanation

You can use the NULL feature to subtract the DC offset while an external sensor or
measurement cable is connected.

NULL Values

When the NULL feature is enabled, the NULL values are set to the most recently
measured Udc and Idc values (the voltage and current simple averages). If cases when
there are no previously measured Udc and Idc values, such as when the NULL feature is
turned on before any measurements have been made, Udc and Idc are set to zero.

Nofte
¢ The NULL feature is disabled when:

* The WT500 is turned on.
* Asetup parameter file is loaded.
+ The settings are initialized.

* You switch from direct input to external current sensor input during current measurement.
« If the NULL feature is enabled or disabled while the display is held, the NULL indicator
will light or turn off, but the held data will not be affected. Also, the NULL indicator will be
highlighted.
* DC values are held when the NULL feature is ON, but the actual NULL value is set with +
10% of the range as the upper limit when the crest factor is set to 3.
The actual NULL value is set with £20% of the range as the upper limit when the crest factor
is set to 6.
*  When the range is changed, the NULL value upper limit will be determined by the new
range. The NULL value upper limit will also be adjusted when the range is decreased by the
auto range feature.

Measurement Functions Affected by the NULL Feature
Because the NULL values are subtracted from sampled data, all measurement functions

are affected by them.
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12.5 Setting the Key and Shift Locks

Procedure

Explanation

Activating the Key Lock
Press SHIFT+LOCAL (KEY LOCK).

Releasing the Key Lock
When the key lock has been set, press SHIFT+LOCAL (KEY LOCK).

Activating the Shift Lock
1. Hold down SHIFT for two seconds or more. The SHIFT key lights.

Releasing the Shift Lock

2. When the shift lock has been set, press SHIFT once. The SHIFT key light turns
off.

Key Lock
When the key lock is activated, all key operations are disabled except for those of the

power switch and SHIFT+LOCAL (KEY LOCK).
When the key lock is activated, “LOCK” appears in the upper right of the screen.

Note

The key lock remains on or off even after the power is turned off.

Shift Lock

Activating the shift lock is like always pressing the shift key (the WT500 remains in the
shifted state). You can use the shift lock when you want to repeatedly use the setup
menus indicated by the purple letters below the panel keys.

To release the shift lock, press the shift key once.

IM 760201-01E
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12.6 Master and Slave Synchronized Measurement

Procedure

Making the WT500 the Master or the Slave

1. Press SETUP to display the Setup menu.

If the full Setup menu does not appear, proceed to step 2. If the full Setup menu appears,

proceed to step 4.

NS ok 0N

Use the cursor keys to select Details.

Use the cursor keys to select Measure.

Press SET to select Master or Slave.
You can only set one instrument as the master and one instrument as the slave.

Setup Menu

Setup Menu

4 Wiring

4 Wiring

4 Ranges

4 Ranges

4 Scaling

4 Scaling

Press SET to display the full Setup menu.

Press SET to display the Measure Settings dialog box.

Use the cursor keys to select Sync Measure.

Measure Settings

4 Sync Source

4 Sync Source

4 Filters

4 Filters

4 Update Rate

4 update Rate

4 Averaging

4 Averaging

$ Formula
5,Q Formula Type

Phase B0 d 4

4 Integration

4 Integration

Details...

Performing Synchronized Measurement

Hide Details

4 Measure

lH‘
ser Function

4 Freq Items

4 Harmonics

4 Delta Measure

Sync Measure [Master Slave

Connect the external start signal input/output connectors (EXT CLK) of the master and
slave instruments using a BNC cable (sold separately).
» The slave instrument starts measuring at approximately the same time as the master

instrument.

* The slave instrument stops measuring at approximately the same time as the master

instrument.

12-6
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12.6 Master and Slave Synchronized Measurement

Explanation

The measurement of two WT500s can be synchronized by making one WT500 the
master and the other WT500 the slave. The master outputs a measurement start signal,
and the slave receives the signal.

External Start Signal Input/Output Connector
Connect the rear panel EXT CLK connectors between the master and slave instruments

using a BNC cable (sold separately).

EXT. CLK @
Item Specification Note
Connector BNC connector Same for both master and slave
1/0 level TTL Same for both master and slave
Output logic LI (negative logic), falling edge Applies to the master
Measurement start delay time within (1 us + sample interval) ~ Applies to the master
QOutput hold time Low level, 500 ns or more Applies to the master
Input logic L (negative logic), falling edge Applies to the slave
Minimum pulse width Low level, 500 ns or more Applies to the slave
Input delay time When the display is held Applies to the slave
within (1 us + sample interval)
When the display is not held Applies to the slave
within (63 ns + sample interval)
Nofte
The measurement of the master and slave cannot be synchronized under the following
conditions:

*  When the data update rate differs between the master and slave.

* During real-time integration mode or real-time store mode.

Follow the procedure below to hold the display during synchronized measurement.

» To hold the display: Hold the display of the master first.

» To un-hold the display: Un-hold the display of the slave first.

*  When the synchronized measurement setting is set to slave, you cannot set the
synchronization source (see section 4.7 for details), PLL source (see section 6.3 for details),
or trigger source (see section 7.5 for details) Ext Clk setting, because all of these settings
use the same connectors.

» To connect a BNC cable to the external clock input/external start signal output connector
(EXT CLK) when a GP-IB cable is connected to the GP-IB connector, first remove the GP-IB
cable. Then connect the BNC cable. Finally, reconnect the GP-IB cable.

IM 760201-01E
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12.6 Master and Slave Synchronized Measurement

External Start Signal Output Circuit and Time Chart
+5V +5V

10 kQ 100 Q

AMA—CO

Start output signal

Measurement start delay time

—

Measurement start

Start output signal

——

| 1
Output hold time

External Start Signal Input Circuit and Time Chart

+5V

100 O
Start input signal ? \/\N i (é

Minimum pulse width
l—>
Start input signal \ \

N

Input delay time

Measurement start |

Trigger occurrence

A CAUTION

Applying a voltage outside of the range of 0 to 5 V to the EXT CLK connector can
damage the WT500.
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Chapter 13 Troubleshooting, Maintenance, and Inspection

13.1 Troubleshooting

Dealing with Unusual Circumstances

» If a message appears on the screen, see the following pages for reference.

 If servicing is necessary, or if the instrument does not operate properly even after you
have attempted to deal with the problem according to the instructions in this section,
contact your nearest YOKOGAWA dealer.

Problems and Solutions Refer to
section
Nothing appears on the screen when you turn on the power switch.
Securely connect the power cord to the instrument and to the power outlet. 3.3
Set the supply voltage to within the permitted range. 3.3
The displayed data is not correct. Check that the ambient temperature and humidity are within their specified 3.2
ranges.
Check to make sure that noise is not affecting the measurement. 3.1,3.5
Check the measurement cable wiring. 3.8t0 3.11
Check the wiring system. 3.8 to 3.11,
4.2
Check that the line filter is off. 4.8
Check the measurement period settings. 4.7
Check the FAQ at the following URL. —
http://www.yokogawa.com/tm/
Turn the power off and then on again. 3.4
Keys are not functioning. Check the REMOTE indicator. If the REMOTE indicator is lighted, press —
LOCAL to turn it off.
Check that the key lock is off. 12.5
Perform a key test. If the test fails, servicing is necessary. 13.3
Triggering does not work. Check the trigger conditions. 7.5
Check that the trigger source is being applied. 7.5
Unable to make harmonic Check the PLL source settings. 6.3
measurements. Check that the PLL source input signal is within the specifications. 6.3

Unable to recognize storage medium. The storage medium may be damaged.

Unable to save data to the selected medium.
Check the free space on the medium. Remove files or use a different medium 10.2

as necessary.

Unable to configure or control the instrument through the communication interface.

Check that the communication interface parameters, such as the serial
number (for USB), GP-IB address, and IP address (for Ethernet), meet the
specifications.

Check that the interface meets the electrical and mechanical specifications.

* See the Communication Interface User’s Manual (IM760201-17E).

IM 760201-01E
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13.2 Error Messages and Troubleshooting Methods

Error Messages

Error messages may appear on the screen while you are using the WT500. This section
explains the meanings of the error messages and how to respond to them. You can
display the error messages in English or Japanese (see section 3.17 for details). If
servicing is necessary to solve the problem indicated by a message, contact your nearest

YOKOGAWA dealer.

Other communication-related error messages may also appear. These messages are

explained in the Communication Interface User’s Manual (IM760201-17E).

Error in Execution

Code Message Solution Refer to
section
601 Invalid file name. Check the file name. 10.4, 10.5
602, 603 No USB device or no storage media inserted. Check the USB device connection, and the 10.2
existence of a storage medium in the device.
604 Media failure. Check the storage medium. —
605 File not found. Check the file name and the storage medium. —
606 Media is protected. Set the disk’s (medium’s) write protect switch to —
OFF.
607 Media was removed while accessing. Check the storage medium. —
608, 609 File already exists. — 10.4
610 Contains invalid characters. — 10.4
611,612 Media full. Delete unnecessary file(s) or use another disk. 10.3t0 10.9
613 Cannot delete a directory if there are files in the Delete all the files in the directory to be deleted. 10.9
directory.
614 File is protected. — 10.8
615 Physical format error. Reformat the medium. If the same error occurs, the 9.3
instrument is probably unable to execute a format
on this medium.
616 to 620 File system failure. Check using another disk. If the same message still —
appears, maintenance service is required.
621 File is damaged. Check the file. —
622 to 641 File system failure. Check using another disk. If the same message still —
appears, maintenance service is required.
643 to 653 Media failure. Check the medium. —
655 to 664 File system failure. Check using another disk. If the same message still —
appears, maintenance service is required.
665 Cannot load this file format. File was stored on — —
other models or other versions.
666 File is now being accessed. Execute after access is made. —
671 Save data not found. Check for presence of data. 10.4,10.5
674 Initializing file system. Please wait. 10.3
675 Cannot load this file. — —
Model/options do not conform.
705 Can not operate while accessing medium. Wait until access has completed. —
750 Cannot connect to the ftp server. Confirm the network settings and connection. —
751 Has not connect with ftp server yet. Confirm the network settings and connection. —
752 This ftp function in not supported. — —
753 FTP Error: Pwd Confirm the network settings and connection. —
754 FTP Error: Cwd Confirm the network settings and connection. —
755 FTP Error: Rm Confirm the network settings and connection. —
756 FTP Error: List Confirm the network settings and connection. —
757 FTP Error: Mkdir Confirm the network settings and connection. —
758 FTP Error: Rmdir Confirm the network settings and connection. —
759 FTP Error: Get Confirm the network settings and connection. —
760 FTP Error: Put Confirm the network settings and connection. —
761 FTP Error: GetData Confirm the network settings and connection. —

13-2
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13.2 Error Messages and Troubleshooting Methods

Code Message Solution Refer to
section

762 FTP Error: PutData Confirm the network settings, connection, and disk —
capacity.

763 FTP Error: AppendData Confirm the network settings, connection, and disk —
capacity.

764 FTP Error: Client Handle Confirm the network settings and connection. —

765 FTP Error: Others Confirm the network settings and connection. —

798 Failed to initialize network. Confirm the network settings. 11.3

IM 760201-01E
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13.2 Error Messages and Troubleshooting Methods

Error in Setting

Code Message Solution Refer to
section
800 lllegal date-time. Set the correct date and time. 3.12
801 lllegal file name. The file name contains characters which are not 10
allowed or the file name is not a valid MS-DOS file
name. Enter another file name.

808 Cannot change this parameter during — —
numerical display.

809 Cannot change this parameter during — —
vector display.

810 Cannot change this parameter during — —
bar graph display.

812 Cannot be set while storing data. — —

813 Cannot be set while integration is running. Reset Integration. 5.9

823 Cannot change during CAL. Wait until CAL is completed. 12.3

827 lllegal math expression. Input a correct computing equation. 5.4

831 Processing now. Retry setting or execution again. —

841 Attempted to start integration after integration Reset Integration. 5.9
time has reached its preset value.

842 Attempted to start integration while integration — 5.9
is in progress.

843 Measurement stopped due to overflow during Reset Integration. 5.9
integration or due to a power failure.

844 Attempted to stop integration even though — 5.9
integration was not in progress.

845 Attempted to reset integration even though — 5.9
integration was in progress or integration
mode was not selected.

846 Attempted to start integration while measurement — 5.9
of peak overflow was in progress.

847 Attempted to start integration in continuous — 5.8
integration mode when integration preset time
was set to “0”.

848 Attempted made to start integration in real time — 5.9
counting integration mode when the end time
had already passed.

849 Attempted made to start storing in real time — 9.3
counting storing mode when the end time
had already passed.

850 Cannot be set or executed at current store state. — 9.4
To set or execute, reset srore.

852 Stored file is illegal. — 9.4
Initialize memory before storing.

854 Waveform display data not found. — —

855 Store data destination memory is full. — 9.4
Storing has been stopped.

856 An error has occured while storing. — —
Storing has been stopped.

857 Cannot be set while Master/Slave Synchronized = — 12.6
Measurement is set to Slave.

858 Store process is in progress now. Execute or set setting again. 9.4,9.6

859 Cannot convert selected file. Select a file with an extension of WTS or HDS. 9.7

862 Numeric data not found. — —

864 This wiring cannot be set as the first selected — 4.2
element.

865 Cannot be set while integration is running. Stop or reset Integration. 5.7

873 When 500 Hz is selected as the line filter, To change the freq filter, choose a line filter other 4.8
the freq filter is set ON and can not be changed. than 500 Hz.
PLL source or trigger source cannot be set to Ext
Clk, while Master/Slave

874 Sync source, PLL source or trigger source cannot be — 4.7,6.3,
set to Ext Clk, while Master/Slave Synchronization 7.5,12.6

Measurement is set to Slave.
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13.2 Error Messages and Troubleshooting Methods

Code Message Solution Refer to
section

875 Master/Slave Synchronization Measurement — 4.7,6.3,
cannot be set to Slave, while sync source, PLL 7.5,12.6
source or trigger source is set to Ext Clk.

Error in System Operation

Code Message Solution Refer to

section

901 Failed to backup setup data. The system has been initialized. 3.4
Maintenance service is required.

902 System RAM failure. Maintenance service is required. —

903 System ROM failure. Maintenance service is required. —

904 System RAM failure. Maintenance service is required. —

915 EEPROM SUM error. EEPROM may be damaged. Maintenance service is —

required.

919 Module installation condition and setup parameters The system has been initialized. —
do not match. Maintenance service is required.

921 System Failed to Draw Display. Maintenance service is required. —

922 Failed in communication with DSP. Maintenance service is required. —

923 Transmit data abnormality from DSP. Maintenance service is required. —

926 The USB device’s power consumption exceeded — 14.10
the capacity of the USB hub.

927 Disconnected USB device port 1, 10.2
because overcurrent was detected.

928 Disconnected USB device port 2, 10.2
because overcurrent was detected.

929 A USB mass storage device that is greater than 137 Be careful in using this device. —
GB in capacity has been connected. If an area exceeding 137 GB is accessed,

930 Disconnected the connection, because a 10BASE-T This Instrument supports 100BASE-TX only. 14.2

Ethernet device was detected.

Note

If the system is not operating correctly and servicing is necessary, try initializing the WT500. It

may recover.

IM 760201-01E
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13.3 Self-Test

Procedure

Press MISC to display the Misc Menu.
Use the cursor keys to select Selftest.
Press SET to display the Selftest menu.
Use the cursor keys to select Test Iltem.

Press SET to display the Test Item menu.

S A Db

Use the cursor keys to select Memory or Key Board.
If you select Memory, proceed to “Performing a Memory Test.”
If you select Key Board, proceed to “Performing a Panel Key and Keyboard Test.”

Misc Menu Selftest [ Selftest Selftest

4 System £LLCLL Memor:
y Test >>>>>> Test Item
overview Test Ltem

4 Initialize
Settings

4 Remote m
Control EMary]

Key Board

4 DatesTime

4 System Config »

4 use
< Hetwork
4 Selftest
4 Test Exec

The time display in the lower right of the screen may freeze during the self-test.

Performing a Memory Test
7. Use the cursor keys to select Test Exec.

8. Press SET. The WT500 executes a memory test. The results appear after the test
finishes.

Selftest

Test Item

e —,

_
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13.3 Self-Test

Testing the Keyboard and Panel Keys

Testing the Panel Keys

7. Use the cursor keys to select Test Exec.

8. Press SET to enter into the panel key test mode.

9. Press a panel key on the front panel. The key you pressed is tested.

10. Press one of the cursor keys (4 or p). Each time you press a cursor key, an
front-panel indicator lights.

11. You can exit the panel key test by pressing ESC twice.

Selftest Selftest
Test Item <{<<< KeyBoard Test >>>>>

Test Completed.

Soft Key »
—

—
m;

Testing the Keyboard

12. Use the cursor keys to select Soft Key.
13. Press SET. A keyboard appears on the screen.

14. Use the keyboard, and check whether or not the characters that you enter appear
correctly in the entry box.
For instructions on how to use the keyboard, see section 3.14, “Entering Values and
Character Strings.”

Selftest Selftest [ Selftest
T
Test Item (PAGEa )
p

(PAGE™)
>

(SHIFT+ESC)

Soft Key » 5s I
I
(SHIFT*SET)I
DZ' SPACE Commit
Test Exec 2]
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13.3 Self-Test

Explanation

Memory Test

The memory test determines whether or not the internal RAM disk is operating properly.
If “Pass” is displayed, they are operating properly. If “Failed” is displayed, contact your
nearest YOKOGAWA dealer.

Panel Key and Keyboard Tests

» To test whether the front panel keys are operating properly, press a key and check
whether or not the name of the key appears on the screen.

« If the front-panel indicator turns on or off when the cursor keys (4 and p) are pressed,
the keys are operating properly.

» To exit the panel key test, press ESC twice.

 If the correct panel key names do not appear, contact your nearest YOKOGAWA
dealer.
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13.4 Displaying the System Overview

Procedure

1. Press MISC to display the Misc Menu.
2. Use the cursor keys to select System Overview.

3. Press SET to display the System Overview window.

Misc Menu System Overview
4 System Model : WT500 (760203)
overview Suffix : -M/C1/C7/EX3/G5/DT-V1
No. : 123456789
4 Initialize version @ 1.01 (DsP:3, asIc:12.2011)
Settings
==== Element Configuration ====
4 Remote Type Calibration Date Status
Control Element1:  1000v-40a 2007/10-25 19:06:32 OK OK
Element2: 1000v-40a 2007710-25 19:06:36 OK OK
4 Date/Time I Element3: 1000v-40a 2007710-25 19:06:38 OK OK
R Options
4 System Config GR-1IB Interface L1l :ves
Ethernet Interface [/C7] :fes MAC Address:xxxxxx_XXX_XXX
P Ext Sensor Input [/EX31:Yes
use Harmonic Measure [/65] :Yes
Delta Computation [/DT] :Yes
A Network Add-on Freq Measure [/FQl :No
VGA Output L1l ives
4 Selftest
Link Date : Dec 25 2007 11:29:20
Product ID: GBdatXux

Explanation

Displaying the System Overview
You can view the model, suffix code, serial number, firmware version, element
configuration, and option configuration of the WT500.
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13.5 Recommended Part Replacement

The three-year warranty applies only to the main unit of the instrument (starting from
the day of delivery) and does not cover any other items or expendable items (items
which wear out). The replacement period for expendable items varies depending on the

conditions of use. Refer to the table below as a general guideline. Contact your nearest
YOKOGAWA dealer to have parts replaced.

Part name Recommended Replacement Period
LCD backlight 3 years

Backup battery 3 years

(lithium)

13-10
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Chapter 14 Specifications

14.1 Input

Item

Specifications

Input terminal type

Voltage
Plug-in terminal (safety terminal)
Current
» Direct input: Large binding post
» Current sensor input: Isolated BNC connector

Input format Voltage
Floating input through resistive voltage divider
Current
Floating input through shunt
Measurement range Voltage

(rated value)

*  When the crest factor is set to 3: 15V, 30 V, 60 V, 100 V, 150 V, 300 V, 600 V, and 1000 V
*  When the crest factor is setto 6: 7.5V, 15V, 30 V, 50 V, 75 V, 150 V, 300 V, and 500 V
Current
« Direct input
*  When the crest factor is set to 3: 500 mA, 1A, 2A,5A, 10 A, 20 A, and 40 A
*  When the crest factor is set to 6: 250 mA, 500 mA, 1A, 2.5A,5A, 10A, 20 A
« External sensor input
* When the crest factor is set to 3: 50 mV, 100 mV, 200 mV, 500 mV, 1V, 2V, 5V, and 10 V

* When the crest factor is set to 6: 25 mV, 50 mV, 100 mV, 250 mV, 500 mV, 1V, 2.5V, and
5V

Input impedance

Voltage

Input resistance: Approx. 2 MQ); input capacitance: Approx. 13 pF
Current

 Direct input: Approx. 5 mQ + approx. 0.1 uH

« External sensor input: Approx. 100 KQ

Instantaneous maximum
allowable input
(within 20 ms)

Voltage
Peak value of 2.8 kV or rms value of 2 kV, whichever is less.

Current
» Direct input: Peak value of 450 A or rms value of 300 A, whichever is less.

» External sensor input: Peak value less than or equal to 10 times the measurement range.

Instantaneous maximum
allowable input
(within 1 s)

Voltage
Peak value of 2 kV or rms value of 1.5 kV, whichever is less.
Current
» Direct input: Peak value of 150 A or rms value of 45 A, whichever is less.
» External sensor input: Peak value less than or equal to 10 times the measurement range.

Continuous maximum
allowable input

Voltage
Peak value of 1.5 kV or rms value of 1 kV, whichever is less.

Current
» Direct input: Peak value of 100 A or rms value of 45 A, whichever is less.

» External sensor input: Peak value less than or equal to 5 times the measurement range.

Continuous maximum
allowable input
(50/60 Hz)

1000 Vrms

Influence of common-mode
voltage

When 1000 Vrms is applied with the voltage input terminals shorted and the current input terminals
open.
» 50/60 Hz: £0.01% of range or less.
» Reference value for up to 100 kHz: +{(Rated maximum range)/(rated range) x 0.001 x % of
range} or less
However, 0.01% or greater. The unit of f is kHz. The external sensor input range is the value
of the above equation x 20. The maximum rated range in the equation is 1000 V, 45 A, or 10 V.

Line filter

The choices are OFF, 500 Hz, and 5.5 kHz.

Frequency filter

The choices are OFF and ON.

A/D converter

Converts voltage and current inputs simultaneously. Resolution: 16 bits. Conversion rate (sampling
interval): Approx. 10 us. For the values when displaying harmonics, see the sections on harmonic
measurement.

IM 760201-01E
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14.1 Input/14.2 Display

Item Specifications
Range switching The range can be set for each input element.
Auto range feature Range Increase

* When Urms or Irms exceeds 110% of the rated range
*  When the peak value of the input signal exceeds approximately 330% of the rated range
(approximately 660% when the crest factor is set to 6).
Range decrease
When Urms or Irms is less than or equal to 30% of the rated range and Upk or Ipk is less than
or equal to 300% of the lower range (approximately 600% when the crest factor is set to 6).

14.2 Display

Item Specifications

Display 5.7-inch color TFT LCD

Resolution of the entire 640 x 480 dots (H x V)

screen’

Resolution of the waveform 501 x 432 dots (H x V)

display

Display update interval Same as the data update interval (see section 14.6).
However,

*  Numeric display
When the data update interval is 100 ms and the numeric value display is set to 4, 8, or 16
items, the numeric display update interval is 200 ms.
When the data update interval is 100 ms and the numeric value display is set to Matrix, ALL
Items, Single List, or Dual List, the numeric display update interval is 500 ms.
When the data update interval is 200 ms and the numeric value display is set to Matrix, ALL
Items, Single List, or Dual List, the numeric display update interval is 400 ms.

*  Waveform display
When the data update interval is within the range of 100 ms to 1 s, the waveform display and
data update intervals are approximately 1 s.
When the data update interval is 1 s or longer, the waveform display and data update
intervals are the same as the data update interval. However, the waveform display and data
update intervals may be longer depending on the trigger setting.

» Other displays
When the data update interval is set to a value from 100 ms to 500 ms, the data and display
update intervals of the trend display, bar graph display, and vector display are 1 s. When the
data update interval is set to 1 s or longer, the various display and data update intervals are
the same as the data update interval.

« The various display and data update intervals are determined by the external clock when
the WT500 is set to the slave in synchronized measurement. However, the limitations listed
above apply if the period of the external clock is greater than that of the data update rate.

* Relative to the total number of pixels, 0.02% of the LCD screen may be defective.
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14.3 Normal Measurement Functions (Measured
Items)

Measurement Functions Determined for Each Input Element

For details about how the measurement function values are computed and determined,
see appendix 1.

Item

Symbols and Meanings

Voltage (V)

Urms: true rms value, Umn: rectified mean value calibrated to the rms value, Udc: simple average,
Urmn: rectified mean value, Uac: AC component

Current (A)

Irms: true rms value, Imn: rectified mean value calibrated to the rms value, Idc: simple average,
Irmn: rectified mean value, lac: AC component

Active power (W) P
Apparent power (VA) S
Reactive power (var) Q
Power factor A
Phase difference (°) [0

Frequency (Hz)

fU (FreqU): voltage frequency, fl (Freql): current frequency

The two frequencies fU and fl can be measured simultaneously from any installed element.
For signals that are not selected, [-------- ] (no data) is displayed. On models with the frequency
measurement add-on option, the fU and fl of all elements can be measured simultaneously.

Voltage max. and min. (V)

U+pk: Maximum voltage, U-pk : Minimum voltage

Current max. and min. (A)

I+pk: Maximum current, I-pk : Minimum current

Crest factor
(peak-to-rms ratio)

CfU: Voltage crest factor, Cfl : Current crest factor

Integration

Time: Integration time

WP: Sum of positive and negative watt hours

WP+: Sum of positive P (consumed watt hours)

WP—: Sum of negative P (watt hours returned to the power supply)
q: Sum of positive and negative ampere hours

q+: Sum of positive | (ampere hours)

q—: Sum of negative | (ampere hours)

WS: Volt-ampere hours

waQ: Var hours

You can select to integrate the ampere hours using Irms, Imn, Idc, Irmn, or lac.

IM 760201-01E
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14.3 Normal Measurement Functions (Measured Items)

Measurement Functions Determined for Each Wiring Unit (= Functions)

For details about how ¥ function values are computed and determined, see appendix 1.

Item

Symbols and Meanings

Voltage (V)

UrmsX: true rms value, UmnX: rectified mean value calibrated to the rms value, UdcX: simple
average, UrmnX: rectified mean value, UacX: AC component

Current (A)

IrmsX: true rms value, ImnX: rectified mean value calibrated to the rms value, IdcX: simple average,
IrmnX: rectified mean value, lacX: AC component

Active power (W) PX

Apparent power (VA) Sy

Reactive power (var) Qx

Power factor AX

Phase difference (°) [0

Integration Time: Integration time
WPX: Sum of positive and negative watt hours
WP+X: Sum of positive P (consumed watt hours)
WP-X:  Sum of negative P (watt hours returned to the power supply)
qx: Sum of positive and negative ampere hours
g+ Sum of positive | (ampere hours)
q-x: Sum of negative | (ampere hours)
WSX: Integrated value of SX
WQx: Integrated value of QX

You can select to integrate the ampere hours using Irms, Imn, Idc, Irmn, or lac.

14-4
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14.4 Harmonic Measurement Functions (Measured
Items)

Measurement Functions Determined for Each Input Element

Item

Symbols and Meanings

Voltage (V)

U(k): Rms voltage value of harmonic order k.’

U(Total): Rms voltage.?

Current (A)

I(k): Rms current value of harmonic order k.

I(Total): Rms current.?

Active power (W)

P(k): Active power of harmonic order k.

P(Total): Active power.?

Apparent power (VA)

S(k): Apparent power of harmonic order k.

S(Total): Total apparent power.?

Reactive power (var)

Q(k): Reactive power of harmonic order k.

Q(Total): Total reactive power.?

Power factor

A(k): Power factor of harmonic order k.

\(Total): Total power factor.?

Phase difference (°)

¢(k): Phase difference between the voltage and current of harmonic order k. ¢: Total phase

difference.

¢oU(k): Phase difference between harmonic voltage U(k) and the fundamental signal U(1).
¢l(k): Phase difference between harmonic current I(k) and the fundamental signal I(1).

Harmonic distortion factor (%) Uhdf(k): Ratio of harmonic voltage U(k) to U(1) or U(Total).
Ihdf(k): Ratio of harmonic current I(k) to I(1) or I(Total).
Phdf(k): Ratio of harmonic active power P(k) to P(1) or P(Total).

Total harmonic distortion (%) Uthd: Ratio of the total harmonic voltage to U(1) or U(Total).?
Ithd: Ratio of the total harmonic current to 1(1) or I(Total).
Pthd: Ratio of the total harmonic active power to P(1) or P(Total).

1 Harmonic order k is an integer from 0 to the upper limit of harmonic analysis. The Oth order is the DC component. The upper
limit of harmonic analysis is either set to an automatically determined value or to the value that you set, whichever is smaller. It
can go up to the 50th harmonic order.

2 The total value is determined according to the equation in appendix 1 from the fundamental signal (15 order) and all harmonic
components (2" order to the upper limit of harmonic analysis). The DC component can also be included.

3 Total harmonic values are determined from all harmonic components (the 2™ order to the upper limit of harmonic analysis)
according to the equations in appendix 1.

Measurement Functions that Indicate Fundamental Voltage and Current Phase

Differences between and within Elements
These measurement functions indicate the phase differences between the fundamental

voltage U(1) of the smallest numbered element in a wiring unit and the fundamental

voltages U(1) or currents I(1) of other elements. The following table indicates the
measurement functions for a wiring unit that combines elements 1, 2, and 3.

Item

Symbols and Meanings

Phase difference U1-U2 (°)

oU1-U2: Phase difference between the fundamental voltage of element 1, which is expressed as
U1(1), and the fundamental voltage of element 2, which is expressed as U2(1).

Phase difference U1-U3 (°)

¢U1-U3: Phase difference between U1(1) and the fundamental voltage of element 3, U3(1).

Phase difference U1-11 (°)

¢U1-11: The phase difference between U1(1) and the fundamental current of element 1, I1(1).

Phase difference U1-12 (°)

¢oU1-12: The phase difference between U1(1) and the fundamental current of element 2, 12(1).

Phase difference U1-13 (°)

¢U1-13: The phase difference between U1(1) and the fundamental current of element 3, 13(1).

Measurement Functions Determined for Each Wiring Unit (= Functions)

Item

Symbols and Meanings

Voltage (V)

UX(1): Rms voltage of harmonic order 1.

UY (total value): Rms voltage.’

Current (A)

1X(1): Rms current of harmonic order 1.

I3 (total value): Rms current.

Active power (W)

PX(1): Active power of harmonic order 1.

PX(total value): Active power.'

Apparent power (VA)

SX(1): Apparent power of harmonic order 1.

Sy (total value): Total apparent power.'

Reactive power (var)

QX(1): Reactive power of harmonic order 1.

QX (total value): Total reactive power.’

Power factor

AX(1): Power factor of harmonic order 1.

AX(total value): Total power factor.’

1 The total value is determined according to the equation in appendix 1 from the fundamental signal (15! order) and all harmonic
components (2" order to the upper limit of harmonic analysis). The DC component can also be included.
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14.5 Accuracy

Voltage and Current Accuracy

tem

Specifications

Accuracy (at 6 months)

Conditions

Temperature: 23 + 5°C Humidity: 30 to 75%RH. Input waveform: Sine wave. Common-mode
voltage: 0 V. Frequency filter: Set to 440 Hz.). (power factor): 1. Crest factor: 3. After the warm-
up time has passed. Wired condition after zero-level compensation or measurement range
change. f is the frequency.

Voltage
Frequency Accuracy

+(reading error + measurement range error)
DC 0.1% of reading + 0.1% of range

0.5Hz<f<45Hz

0.1% of reading + 0.2% of range

45Hz<f<66 Hz

0.1% of reading + 0.1% of range

66 Hz <f<1 kHz

0.1% of reading + 0.2% of range

1 kHz <f<10 kHz

{0.1 + 0.05 x (f — 1)}% of reading + 0.2% of range

10 kHz < f < 100 kHz

{0.5 + 0.04 x (f — 10)}% of reading + 0.3% of range

* The unit of f in reading-error equations is kHz.

Current
Frequency Accuracy

+(reading error + measurement range error)
DC 0.1% of reading + 0.1% of range

05Hz=<f<45Hz

0.1% of reading + 0.2% of range

45Hz<f<66 Hz

0.1% of reading + 0.1% of range

66 Hz <f<1 kHz

0.1% of reading + 0.2% of range

1 kHz <f<10 kHz

(0.1 x f)% of reading + 0.2% of range

10 kHz < f < 100 kHz

{1 +0.08 x (f— 10)}% of reading + 0.3% of range

* The unit of fin reading error equations is kHz.

For the external current sensor range, add 50 pV to the DC current accuracy.

For the directly applied current input range, add 500 pA to the DC current accuracy.

For the accuracies of waveform display data functions Upk and Ipk:

Add the following values (reference values) to the accuracies listed above.

For the voltage input, add 1.5 x 1.5x\/ (15/rated range)% of range.

For the directly applied current input, add 3 x 3x"/ (0.5/rated range)% of range + 5 mA.

For the external current sensor input, add 3 x 3x "/ (0.05/rated range)% of range + 2 mV.
The effective input range is within £300% of the range (within +600% of the range if the crest

factor is set to 6).

Influence of temperature changes after zero-level compensation or range change
DC voltage accuracy: add 0.02% of range/°C. DC current accuracy: add 500 pA/°C. External
input sensor DC accuracy: add 50 pV/°C.

» Influence of self-generated heat caused by voltage input

Add 0.0000001 x U?% of reading to the AC current accuracies. Add 0.0000001 x U?% of reading
+0.0000001 x U? of range to the DC current and voltage accuracies. U is the voltage reading (V).
Even if the voltage input decreases, the influence from self-generated heat continues until the

temperature of the input resistor inside the WT500 decreases.
» Influence of self-generated heat caused by current input

Add 0.00013 x 2% of reading to the AC current accuracies. Add 0.00013 x 12% of reading + 0.006

x |2 mA to the DC current and voltage accuracies. | is the current reading (A).

Even if the current input decreases, the influence from self-generated heat continues until the

temperature of the shunt resistor inside the WT500 decreases.
» Accuracy changes caused by data update interval

When the data update interval is 100 ms, add 0.05% of reading to all accuracy figures.

« Guaranteed accuracy ranges for frequency, voltage, and current
All accuracy figures for 0.1 to 10 Hz are reference values.

The voltage accuracy figures for 30 kHz to 100 kHz when the voltage exceeds 750 V are

reference values.

The current and power accuracy figures for DC, 10 Hz to 45 Hz, and 400 Hz to 200 kHz when

the current exceeds 20 A are reference values.

14-6
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14.5 Accuracy

tem

Specifications

Effective input range

0 to +110% of the measurement range for Udc and Idc.”

1 to 110% of the measurement range for Urms and Irms (2 to 220% when the crest factor is set to 6)
10 to 110% of the measurement range for Umn and Imn.”

10 to 110% of the measurement range for Urmn and Irmn.”

10 to 110% of the measurement range for Uac and lac.”

However, the synchronization source signal level must meet the frequency measurement input
signal level (see section 14.5 for details).

* 100% for the maximum voltage range.

*

Maximum display

140% of the rated voltage or current range.

Minimum display

As low as 0.5% of the measurement range for Urms, Uac, Irms, and lac (1.0% when the crest factor
is set to 6). As low as 2% of the measurement range for Umn, Urmn, Imn, and Irmn (4% when the
crest factor is set to 6).

Values lower than these figures are fixed at zero. The integrated current q is dependent on the
current value.

Lower limit of measurement
frequency

Data update interval 100ms 200ms 500ms 1s 2s 5s

Lower limit of 25Hz 125Hz 5Hz 25Hz 1.25Hz 0.5Hz
measurement frequency

Line filter influence

When the cutoff frequency is 500 Hz

45 to 66 Hz: Add 0.2% of reading. Less than 45 Hz: Add 0.5% of reading.
When the cutoff frequency is 5.5 kHz

66 Hz or less: Add 0.2% of reading. 66 to 500 Hz: Add 0.5% of reading.

Conditions for detecting
lead and lag

(D/G, for lead and lag, of
phase angle ¢; sign s when
computing reactive power
Q)

Lead and lag are detected correctly when the voltage and current signals are both sine waves, the
lead and lag amplitude is greater than or equal to 50% (greater than or equal to 100% if the crest
factor is set to 6) of the measurement range, the frequency is between 20 Hz and 2 kHz, and the
phase difference is between +5 and 175°.

* s is the sign for the lead and lag of each element. It is negative when the current leads the
voltage.

Temperature coefficient

Add £0.03% of reading/°C within the range of 5 to 18°C or 28 to 40°C.

One year accuracy

Reading error of accuracy at 6 months x 1.5.

Accuracy when the crest
factor is set to 6

Same as the accuracy when the crest factor is 3 after doubling the measurement range.

IM 760201-01E
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14.5 Accuracy

Power Accuracy

Item

Specifications

Accuracy (at 6 months)

Conditions
Same as the conditions for the voltage and current accuracies.

Frequency Accuracy
*(reading error + measurement range error)

DC 0.1% of reading + 0.1% of range
0.5Hz<f<45Hz 0.3% of reading + 0.2% of range

45 Hz < f< 66 kHz 0.1% of reading + 0.1% of range

66 Hz <f<1kHz 0.2% of reading + 0.2% of range

1kHz <f<10 kHz {0.1 + 0.067 x (f — 1)}% of reading + 0.3% of range
10 kHz < f <100 kHz {6.1 + 0.18 x (f — 50)}% of reading + 0.3% of range

* The unit of f in the reading-error equations is kHz.

+ For the external current sensor range, add (50 pV / external current sensor range rating) x
100% to the DC power accuracy.

» For the directly applied current input range, add (500 pA / external current sensor range rating)
x 100% of range to the DC power accuracy.

» Influence of temperature changes after zero-level compensation or range change.
DC voltage accuracy: add 0.02% of range/°C. DC current accuracy for direct input: add 500
uA/°C. DC voltage accuracy for external sensor input: add 50 uV/°C. DC power accuracy: add
the product of the voltage influence and the current influence.

» Influence of self-generated heat caused by voltage input
Add 0.0000001 x U%% of reading to the power accuracies. Add 0.0000001 x U?% of reading +
0.0000001 x U? of range to the DC current and voltage accuracies. U is the voltage reading (V).
Even if the voltage input decreases, the influence from self-generated heat continues until the
temperature of the input resistor inside the WT500 decreases.

» Influence of self-generated heat caused by current input
Add 0.00013 x 12% of reading to the power accuracies. Add 0.00013 x 12% of reading + 0.0004
x % of reading to the DC current and voltage accuracies. | is the current reading (A).
Even if the current input decreases, the influence from self-generated heat continues until the
temperature of the shunt resistor inside the WT500 decreases.

* Accuracy changes caused by data update interval
When the data update interval is 100 ms, add 0.05% of reading to all accuracy figures.

* Guaranteed accuracy ranges for frequency, voltage, and current
All accuracy figures for 0.1 to 10 Hz are reference values.
The power accuracy figures for 30 kHz to 100 kHz when the voltage exceeds 750 V are
reference values.
The power accuracy figures for DC, 10 Hz to 45 Hz, and 400 Hz to 200 kHz when the current
exceeds 20 A are reference values.

Effective input range

0 to £110% of the measurement range for DC power. For AC, current and voltage are 1 to £110% of
the measurement range and power is up to + 110%."

However, the synchronization source signal level must meet the frequency measurement input
signal level (see section 14.6 for details).

* 100% for the maximum voltage range.

Lower limit of measurement Same as the lower limits for the voltage and current measurement frequencies.

frequency

Power factor influence
(not including when X = 1)

* WheniA =0
Apparent power reading x 0.2% in the range of 45 to 66 Hz.
For other frequency ranges, see below. However, be aware that these figures are reference
values.
Apparent power reading x (0.2 + 0.2 x f (kHz))%
e WhenO<Ac<1
(Power reading) x [(power reading error %) + (power range error %) x (power range/indicated
apparent power value) + {tan ¢ x (influence when A = 0%)}]
where ¢ is the phase angle between the voltage and current.

14-8
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14.5 Accuracy

Item Specifications
Line filter influence When the cutoff frequency is 500 Hz

45 to 66 Hz: Add 0.3% of reading. Less than 45 Hz: Add 1% of reading.

When the cutoff frequency is 5.5 kHz

66 Hz or less: Add 0.4% of reading. 66 to 500 Hz: Add 1.2% of reading.
Temperature coefficient Same as the temperature coefficients for the voltage and current.
One year accuracy Reading error of accuracy at 6 months x 1.5.
Accuracy when the crest Same as the accuracy when the crest factor is 3 after doubling the measurement range.
factor is set to 6

Other Computation and Measurement Accuracies

« Accuracy of apparent power S Voltage accuracy + current accuracy

* Accuracy of reactive power Q  Accuracy of apparent power + (\/(1 .0004 —22) —/(1 - A?%)) x
100% of range

» Accuracy of power factor A #[(A — A/1.0002) + |[cos¢ — cos{¢ + sin — 1(influence from the
power factor when X = 0%/100)}|] £ 1 digit
when voltage and current are at the measurement range rated
input.
* Accuracy of phase difference ¢ %[|¢p — cos — 1(A/1.0002)| + sin — 1{(influence from the power
factor when A = 0%)/100}] deg * 1 digit
when voltage and current are at the measurement range rated
input.
« For the accuracies of frequencies fU and fl, see “Frequency Measurement” in section 14.6,
“Functions.”
« For the accuracies of integrated values WP, WP+, WP—, q, g+, and g— and the integration time
(Time), see “Integration” in section 14.6, “Functions.”
» For the accuracies of voltage, current, and power during harmonic measurement, see “Harmonic
Measurement” in section 14.6, “Functions.”
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14.6 Functions

Measurement Functions and Measurement Conditions

Item

Specifications

Frequency range

DC, or 0.5 Hz to 100 kHz

Crest factor

Can be set to 3 or 6 (when the rated input of a given measurement range is applied).
300 for the minimum effective input.

Measurement period

Period used to determine and compute measurement functions.

» Except for ampere hours (q) during DC mode and watt hours (WP), the measurement period is
set using the zero crossing points of the reference signal (synchronization source).

* In harmonic display (optional):
The measurement period is the first 1024 points from the beginning of the data update interval
at the harmonic sampling frequency.

Wiring system

Can be set to one of the following five types:
(1) 1P2W, single-phase, two-wire; (2) 1P3W, single-phase, three-wire; (3) 3P3W, three-phase,
three-wire; (4) 3P4W, three-phase, four-wire; and (5) 3P3W (3V3A), three-phase, three-wire
with three-voltage, three-current method.

The selectable wiring systems vary depending on the number of input elements that are installed.

Measurement range

See section 14.1.

Scaling

Set the current sensor transformation ratio, VT ratio, CT ratio, and power factor in the range
of 0.0001 to 99999.9999 when applying the external current sensor, VT, or CT output to the
instrument.

Input filter

Aline or frequency filter can be set. See section 14.1 for details.

Averaging

» For measurement functions used in normal measurement
The following kinds of averaging can be performed on voltage U (Urms, Umn, Udc, Urmn, and
Uac), current | (Irms, Imn, Idc, Irmn, lac), power P, apparent power S, and reactive power Q
functions. Power factor . and phase difference angle ¢ are determined from the averaged P
and S values.
Exponential averages or moving averages can be determined.
« Exponential average
The attenuation constant can be set to 2, 4, 8, 16, 32, or 64.
* Moving Average
The average count can be set to 8, 16, 32, or 64.
» For measurement functions used in harmonic measurement
« Exponential average
The attenuation constant can be set to 2, 4, 8, 16, 32, and 64.

Data update interval

The update interval can be set to 100 ms, 200 ms, 500 ms, 1s,2 s, 0or 5 s.

Response time

The maximum response time is the data update interval x 2. However, this is only when displaying
numeric values.

Hold

The hold feature holds the display.

Single measurement

The single measurement feature executes a single measurement while the display is held. During
integration, the display is updated with the most recent data.

Zero-level compensation
(NULL)

Compensation range: + 10% of range (when the crest factor is set to 3)
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14.6 Functions

Frequency Measurement

Item

Specifications

What is measured

Up to two of the voltage or current frequencies applied to an element can be selected and
measured. On models with the frequency measurement add-on option, the voltage and current
frequencies of all elements can be measured.

Measurement method

Reciprocal method

Measurement range

Data Update Interval Measurement Range

100 ms 25 Hz <f<100 kHz
200 ms 125 Hz<f< 100 kHz
500 ms 5Hz <f<100 kHz
1s 2.5Hz<f<100 kHz
2s 1.5 Hz < f< 50 kHz
5s 0.5Hz=<f<20kHz

Accuracy

+0.06% of reading

When the input signal level is 30% or more of the measurement range (0.5 to 440 Hz; frequency
filter on), or for external current sensor input, when it is 25 mV or more. When the input signal is
less than or equal to two times the frequency lower limit written above, and when it is greater than
or equal to 50% of the measurement range. Add 0.05% of reading when the external current sensor
input is 50 mV or less. Double the input signal level values when the crest factor is 6.

Display resolution

99999

Minimum frequency
resolution

0.0001 Hz

Frequency measurement
filter

Frequency filter (see section 14.1)

Integration
Item Specifications
Modes Manual, normal, continuous, real-time normal, and real-time continuous

Measurement functions

See section 14.3 for details.

Integration timer

Integration can be stopped automatically by a timer that can be set to:
0000h00MO0s to 10000h00MO0s

Count overflow

When the maximum integration time (10000 hours) is reached or when an integrated value reaches
the maximum or minimum displayable integrated value,” the integration time and value at that point
are held and integration is stopped.

* WP: +99999 MWh
q: +99999 MAh
WS: +99999 MVAh
wQ: +99999 Mvarh

Accuracy

Power: *(power accuracy + 0.02% x WS)

Current: £(current accuracy + 0.02% of reading) if a value other than dc is selected
*(current accuracy + 0.02 x integration time (h)% of range) if dc is selected

However, there is approximately 70us of unsampled space in each data update interval.

Timer accuracy

+0.02% of reading

IM 760201-01E
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14.6 Functions

Computation
Item Specifications
User-defined functions Used to compute equations that are created by combining measurement function symbols and

operators (up to eight equations can be created).

Average active power setting Is set with a user-defined function.

Efficiency equation setting  Computes equations that are created by combining measurement function symbols (up to two
equations can be created).

Equation for apparent power Can be set to Type 1, Type 2, or Type 3. Type 3 can only be selected on models with the harmonic

and reactive power measurement option.

Phase difference display Can be set to display the phase difference using a 180° lead and lag format or a 360° format.

Delta computation Computes measured circuit values using the computed results of the differences of instantaneous
values. This feature can only be used on models with the delta computation option.

Distortion factor equation The denominator of the equation can be set to the total waveform or to the fundamental signal. This
feature can only be used on models with the harmonic measurement option.

Numeric Display

Item Specifications

Displayed Items Displays the numeric data of the measurement functions described in section 14.3 and the delta
computation and harmonic measurement functions.

Display resolution 60000

Number of displayed items  The options are 4, 8, 16, matrix, all, single list, and dual list.”

* Single and dual list can only be selected on models with the harmonic measurement option.
Scrolling of displayed items Up to nine pages of measurement function numeric data can be scrolled through.
Display reset Resets the display order of the numeric data to the default order.

Waveform Display

Item Specifications
Number of display rasters 501
Display format Peak-to-peak compressed data
Sample rate Approx. 100 kS/s

Waveforms can be reproduced accurately up to approximately 5 kHz.
Time axis In the range of 1 to 500 ms/div. Must be less than or equal to 1/10 of the data update rate.
Trigger « Trigger type:

Edge

« Trigger modes:
Auto and normal. Triggering is automatically switched off during integration.
« Trigger source:
Can be set to an external clock signal or to a voltage or current applied to an input element.
» Trigger slope:
£ (rising), T (falling), or £ ¥ (rising and falling).
e Trigger level
»  When the trigger source is a voltage or current applied to the input element
The trigger level can be set in the range of £100% from the screen center (to the top or
bottom edge of the screen) in 0.1% steps.
* When the trigger source is Ext Clk (external clock)
The trigger level is the TTL level. For the external clock specifications, see section 14.7.

Vertical waveform zoom Each voltage or current waveform can be vertically scaled within the range of 0.1 to 100 times
magnification.

Turning waveform displays  The displays of each voltage or current waveform can be turned on or off.

on and off

Waveform display format The split-screen options are: 1, 2, 3, and 4.

Waveform display The interpolation options are dot and linear.
interpolation
Graticule The graticule options are grid and cross-hair.

Turning auxiliary displays on The displays of the upper and lower limits (scale values) and of waveform labels can be turned on
and off and off.
Cursor measurement A cursor can be placed on a waveform, and the values at the cursor location can be measured.
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14.6 Functions

Vector and Bar Graph Displays

Item Specifications

Vector display Displays the phase differences of the fundamental signals using vectors. This feature can only be
used on models with the harmonic measurement option.

Bar graph display Displays a bar graph of the amplitudes of each harmonic. This feature can only be used on models

with the harmonic measurement option.

Trend Display

Displays a graph of measurement function numeric data trends.
The trends of up to eight functions can be displayed.

Data Storage

Item Specifications

Binary save Saves data directly to the medium* at the data update interval. The maximum file size is 1 GB.

ASCII save Automatically or manually converts data saved in binary format to ASCII data (.csv extension) after
measurement finishes. The maximum file size is 4 GB.

Internal memory Approximately 20 MB

Store interval 100 ms to 99 hours 59 minutes 59 seconds

(Waveform display off)
Internal memory maximum storage time estimates (With waveform display and the integration feature off)

Measurement Number of Measured Items Store Interval Max. Storage Time
Channel (On each channel)

Channel 1 3 100 ms Approx. 40 hours
Channel 1 10 1s Approx. 120 hours
Channel 3 10 100 ms Approx. 4 hours
Channel 3 20 1s Approx. 20 hours

The maximum storage time may be lower than the values given above depending on factors
such as user-defined function and integration settings.
The USB direct save interval varies depending on the number of saves and the specifications of
the memory. The maximum file size is 1 GB.

* The available storage media are USB storage and the internal RAM disk.

Saving and Loading of Data

Setup parameters, numeric data, waveform display data, and screen image data can be saved to a storage medium.”

Saved setup parameters can be loaded from the storage medium.”

* The available storage media are USB storage and the internal RAM disk.

Harmonic Measurement

Item Specifications

What is measured All installed elements.

Method PLL synchronization

Frequency range The range for the fundamental frequency of the PLL source is 10 Hz to 1.2 kHz.

PLL source » Can be set to an input element voltage or current or to an external clock signal.
e Input level

50% or more of the rated measurement range when the crest factor is 3.
100% or more of the rated measurement range when the crest factor is 6.
« The frequency filter must be turned on when the fundamental frequency is less than or equal to

440 Hz.
FFT data length 1024
FFT processing word length 32 bits
Window function Rectangular
Anti-aliasing filter Set using the line filter. (Set to OFF or 5.5 kHz.)
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14.6 Functions

Item Specifications
Sample rates, window widths, and upper limits of harmonic analysis
Fundamental frequency Sample rate Window width Upper limit of harmonic analysis
10 Hz to 75 Hz fx 1024 1 50
75 Hz to 150 Hz fx512 2 32
150 Hz to 300 Hz f x 256 4 16
300 Hz to 600 Hz fx128 8
600 Hz to 1200 Hz f x 64 16 4

Accuracy, +(reading error + measurement range error)
*  When the line filter is off

Frequency Voltage and current Power
10Hz<f<45Hz 0.15% of reading + 0.35% of range 0.35% of reading + 0.5% of range
45 Hz<f<440Hz 0.15% of reading + 0.35% of range 0.25% of reading + 0.5% of range
440 Hz < f<1kHz 0.2% of reading + 0.35% of range  0.4% of reading + 0.5% of range
1kHz <f<2.5kHz 0.8% of reading + 0.45% of range  1.4% of reading + 0.6% of range
2.5kHz <f<5kHz 3% of reading + 0.45% of range 5% of reading + 0.6% of range

*  When the line filter is on (5.5 kHz)
Frequency Voltage and current Power
10Hz<f<45Hz 0.4% of reading + 0.35% of range 0.85% of reading + 0.5% of range
45 Hz<f<440 Hz 0.75% of reading + 0.35% of range 1.5% of reading + 0.5% of range
440 Hz < f<1kHz 1.2% of reading + 0.35% of range 2.4% of reading + 0.5% of range
1kHz <f<2.5kHz 5% of reading + 0.45% of range 10% of reading + 0.5% of range

The items listed below apply to all of the tables.

*  When the crest factor is set to 3.

*  When A (the power factor) is 1.

« Power figures that exceed 440 Hz are reference values.

» For the external current sensor range, add 100 uV to the current accuracy and (100 uV/external current sensor range rating)
x 100% of range to the power accuracy.

+ For n'" order component input, add ({n/(m + 1)}/50)% of (the n'" order reading) to the n + m'" order and n — m'™ order of the
voltage and current, and add ({n/(m + 1)}/25)% of (the n" order reading) to the n + m™ order and n — m™" order of the power.

+ Add (n/500)% of reading to the n'" component of the voltage and current, and add (n/250)% of reading to the n" component of
the power.

» The accuracy when the crest factor is 6 is the same as the accuracy when the crest factor is 3 after doubling the measurement
range.

» The guaranteed accuracy ranges for frequency, voltage, and current, are the same as the guaranteed ranges for ordinary
measurement.
If the amplitude of the high frequency component is large, influence of approximately 1% may appear in certain orders.
Because the influence depends on the size of the frequency component, if the frequency component is small with respect to
the range rating, the influence is also negligible.

Delta Computation Feature

Item Delta Computation Setting Symbols and Meanings
Voltage (V) Difference AF1[Udiff] Differential voltage between U1 and
U2 determined through computation
3P3W->3V3A AF1[Urs] Unmeasured line voltage computed in
a three-phase, three-wire system
Delta->Star AF1[Ur], AF2[Us], AF3[Ut]  Phase voltage computed in a three-
phase, three-wire (3V3A) system
Star->Delta AF1[Urs], AF2[Ust], AF3[Utr] Line voltage computed in a three-
phase, four-wire system
Current (A) Difference AF2[ldiff] Differential current between 11 and 12
determined through computation.
3P3W->3V3A AF2[It] Unmeasured phase current
Delta->Star AF4[In] Neutral line current
Star->Delta AF4[In] Neutral line current

14-14 IM 760201-01E



14.7 External Input and Output (Master and slave
synchronization signals and clock input)

Item Specifications

Connector BNC connector. Same for both master and slave.

1/O level TTL. Same for both master and slave.

Output logic I Negative logic, falling edge. Applies to the master.

Measurement start delay time Within (3 us + 1 sample interval). Applies to the master.

Output hold time Low level, 500 ns or more. Applies to the master.

Input logic I Negative logic, falling edge. Applies to the slave.

Minimum pulse width Low level, 500 ns or more. Applies to the slave.

Input delay time Within (1 ps + 3 sample intervals) when the display is held. Applies to the slave.

Within (70 us + 3 sample intervals) when the display is not held. Applies to the slave.

When Used as a Synchronization Source (Ext Clk) during Normal Measurement

Item Specifications
Frequency range Same as the frequency range listed in section 14.6, “Frequency Measurement.”
Input waveform 50% duty ratio rectangular wave

When Used as a PLL Source (Ext Clk) during Harmonic Measurement (Optional)

Item Specifications
Frequency range 10 Hz to 1.2 kHz
Input waveform 50% duty ratio rectangular wave

When Used as a Trigger

Item Specifications
Minimum pulse width 1us
Trigger delay time Within (1 ps + 3 sample intervals)

14.8 RGB Video Signal (VGA) Output (Optional)

Item Specifications
Connector D-sub 15 pin (receptacle)
Output type VGA compatible

IM 760201-01E
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14.9 USB PC Interface

Item Specifications

Connector Type B connector (receptacle)
Electrical and mechanical specifications USB 1.1

Data rate 12 Mbps max.

Ports

1

Power supply

Self powered

Supported services

Remote control

System requirements

A PC running Windows 2000 (SP4 or later), Windows XP, or Windows Vista and USB
ports.

14.10 USB PERIPHERAL Interface

Item

Specifications

Connector type

USB type A (receptacle)

Electrical and mechanical specifications

USB 2.0

Data rate

480 Mbps max.

Supported keyboards'

104 (US) or 109 (Japanese) keyboards compliant with USB HID Class Version 1.1

Supported USB mass storage

USB flash memory (that meets the USB Mass Storage Class specifications)

Power supply

5V, 500 mA? (for each port)

Ports

2

1 For more detailed information about supported USB devices, contact your nearest YOKOGAWA dealer.
2 You cannot connect devices whose maximum current consumption exceeds 100 mA to two different ports on the WT500 at the

same time.

14.11 GP-IB Interface Option

Item

Specifications

Usable devices

NATIONAL INSTRUMENTS

« AT-GPIB

* PCI-GPIB or PCI-GPIB+

+ PCMCIA-GPIB, PCMCIA-GPIB+, or PCle-GPIB
Driver: NI-488.2M version 1.60 or later

Electrical and mechanical specifications

IEEE St'd 488-1978 (JIS C 1901-1987)

Functional specifications

SH1, AH1, T6, L4, SR1, RL1, PP0, DC1, DT1, and CO

Protocol IEEE St'd 488.2-1992
Code ISO (ASCII)
Addresses 0to 30

Mode Addressable mode

Clearing remote mode

The LOCAL key can be pressed to clear remote mode (except during Local Lockout).
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14.12 Ethernet Interface Option

Item Specifications
Ports 1

Connector RJ-45
Electrical and mechanical IEEE802.3
specifications

Transmission system

Ethernet (100BASE-TX)

Data rate

100 Mbps max.

Communication protocol

TCP/IP

Supported services

FTP server, DHCP, DNS, and remote control (VXI-11)

14.13 Safety Terminal Adapter

Item Specifications
Maximum allowable current 36 A
Withstand voltage 1000 V CATIII

Contact resistance

10 mQ) or less

Contact section

Nickel plating on brass or bronze

Insulator Polyamide
Core wire Maximum diameter 1.8 mm
Insulation Maximum diameter 3.9 mm

IM 760201-01E
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14.14 General Specifications

Item

Specifications

Warm-up time

Approx. 30 minutes

Operating environment

Temperature: 5 to 40°C
Humidity: 20 to 80%RH
(No condensation)

Elevation

2000 m or less

Location

Indoors

Storage environment

Temperature: —25 to 60°C

Humidity: 20 to 80%RH
(No condensation)

Rated supply voltage 100 to 240 VAC
Permitted supply voltage range 90 to 264 VAC
Rated supply frequency 50/60 Hz
Permitted supply voltage frequency range 48 to 63 Hz
Maximum power consumption 250 VA

External dimensions
(For details, see section 14.15.)

Approx. 213 mm x 177 mm x 409 mm (W x H x D)
(Excluding the handle and other protruding parts.)

Weight Approx. 7 kg (the weight of the main unit with three input elements and all options
installed)

Installation position Horizontal (a stand can be used). Do not install vertically or stack.

Battery backup Setup parameters and the internal time clock are backed up with a lithium battery.

Safety standard’ Standards EN61010-1

The overvoltage category (Installation category) is CAT 1.2
The measurement category is CAT 1.2
The pollution degree is 2.4
Emissions’ Standards EN61326-1 Class A
EN55011 Class A, Group 1
EN61000-3-2
EN61000-3-3
This is a class A instrument designed for an industrial
environment. Operation of this equipment in a residential
area can cause radio interference, in which case users will be
required to correct the interference.
C-Tick EN55011 Class A, Group 1
Cable conditions + Ext Clk terminal
Use a BNC cable.®
* GP-IB interface connector
Use a shielded GP-IB cable.®
* RGB video signal output (VGA) connector
Use a shielded D-sub 15 pin VGA cable.®
» USB port (PC)
Use a shielded USB cable.®
» USB port (for peripheral devices)
Use a USB keyboard that has a shielded cable.
» Ethernet connector
Use a category 5 or better Ethernet cable (STP).
Immunity’ Standards EN61326-1 Table 2 (Industrial Environment)
Cable conditions  The same as the cable conditions listed above for emissions.

N

Applies to products with CE marks. For information concerning other products, contact your nearest YOKOGAWA dealer.

2 The overvoltage category is a value used to define the transient overvoltage condition and includes the rated impulse
withstand voltage. CAT Il applies to electrical equipment that is powered through a fixed installation, such as a wall outlet wired
to a distribution board.

3 Measurement Category Il (CAT Il) applies to electrical equipment that is powered through a fixed installation, such as a wall
outlet wired to a distribution board, and to measurement performed on such wiring.

4 The pollution degree refers to the degree of adhesion of a solid, liquid, or gas which deteriorates withstand voltage or surface
resistivity. Pollution degree 1 applies to closed atmospheres (with no, or only dry, non-conductive pollution). Pollution degree 2
applies to normal indoor atmospheres (with only non-conductive pollution).

5 Use cables that are 3 m or shorter.
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14.15 External Dimensions
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Appendix

Appendix 1 Symbols and Determination of
Measurement Functions

Measurement Functions Used in Normal Measurement

(Table 1/3)
Measurement Functions Methods of Computation and Determination
Used in Normal For information about the symbols in the equations,
Measurement see the notes at the end of page App-3.
True rms value: Urms Urms Umn Urmn Udc Uac
Rectified mean value
ijltglg]e calibrated to the rms value: Umn -
Rectified mean value: Urmn 2 —=AV 2_.nC2
Simple average: i VAVGLu(n)] 2v2 GllumI|1| AvGLum) | AvG[|um)|1| 4/RMS2DC
AC component: Uac
True rms value: Irms Irms Imn Irmn Idc lac
Rectified mean value
ClilErAe]nt calibrated to the rms value: Imn .
Rectified mean value: Irmn | , T YA —_— i i H , 2 2
Simple average: Idc AVG[I(n) ] 2 '\/E AVG[I I(n)ll AVG[I(I’I)] AVG[I I(n)I] RMS*-DC
AC component: lac

Active power P [W]

AVG[u(n)-i(n) ]

Apparent power S [VA] TYPEA1,

TYPE2 u-l
TYPE3 N
Reactive power Q [var] TYPE1, Afs2_p2
TYPE2 _ s: VS -P
s is -1 for a lead phase and 1 for a lag phase
TYPE3 =

Y k)

k = min
Q(k)=Ur(k) - lj(k) — Uj(k) - Ir(k)
Ur(k) and Ir(k) are the real number components of U(k) and I(k)
Uj(k) and lj(k) are the imaginary components of U(k) and I(k)
Valid only when harmonics are being measured correctly.

Power factor )

P

S

Phase difference ¢ [°]

cos™ (L)
S

The phase angle can be switched between lead (D)/lag (G) display and 360° display.
See section 5.5 for details.

Voltage frequency: fU (FreqU) [Hz]
Current frequency: fl (Freql) [Hz]

The two frequencies, fU and fl, can be measured simultaneously from any
installed element. (The PLL source frequency is excluded.)

On models with the frequency measurement add-on option, the fU and fl of all
elements can be measured simultaneously.

Maximum voltage: U + pk [V]

The maximum u(n) for every data update

Minimum voltage: U — pk [V]

The minimum u(n) for every data update

Maximum current: | + pk [A]

The maximum i(n) for every data update

Minimum current | — pk [A]

The minimum i(n) for every data update

Voltage crest factor: CfU
Current crest factor: Cfl

Voltage crest factor CfU = Rk Current crest factor Cfl = Rk

Urms Irms
Upk = |U + pk| or |U — pkK|

Ipk = |l + pk| or |l — pk|
whichever is larger whichever is larger

(Continues on next page)
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Appendix 1 Symbols and Determination of Measurement Functions

(Table 2/3)

Measurement Functions
Used in Normal

Methods of Computation and Determination
For information about the symbols in the equations,

Measurement see the notes at the end of page 3.
Integration time . . . . .
[h:m:s] Time Time from integration start to integration stop.
When the watt-hour integration method for each polarity is Charge/Discharge
N
1
wp [ L {um)-im)} ] Time
Watt hours  ywp+ ) . o n=1 . L
[Wh] WP N is the integration time sampling count. The unit of Time is hours.
- WP is the sum of positive and negative watt hours.
WP+ is the sum of the values when u(n) - i(n) in the above equation is positive.
WP- is the sum of the values when u(n) - i(n) in the above equation is negative.
When the watt-hour integration method for each polarity is Sold/Bought
N
1 . -
[ Y. {um)-im)} |- Time
n=1
N is the integration time sampling count. The unit of Time is hours.
WP is the sum of positive and negative watt hours.
WP+ is the sum of the positive power values at each data update interval.
WP- is the sum of the negative power values at each data update interval.
s RMS 17
® ) — ) I(n) » Time
2| Ampere I\RAI\EII.E\,’:,N N nZ:1
£| hours AC I(n) is the nth measured current value.
[Ah] N is the number of data updates.
q+ The unit of time is hours.
q
q- DC

N
1 . .
N nZ=:1|(n) Time

i(n) is the nth sampled data of the current signal.

N is the number of data samples.

q is the sum of positive and negative ampere hours.

g+ is the sum of the values when i(n) in the above equation is positive.
g- is the sum of the values when i(n) in the above equation is negative.
The unit of time is hours.

Volt-ampere hours
WS[VAh]

N
1 .
N nZ:1S(n) « Time

S(n) is the nth measured apparent power value, and N is the number of data updates.
The unit of Time is hours.

Var hours
WQJvarh]

N
1 .
N nZ; Q(n) -|T|me|

Q(n) is the nth measured reactive power value, and N is the number of data updates.
The unit of Time is hours.

. Three-phase, three-wire
. Single-phase, Three-phase, with three-voltage Three-phase,
Wiring system three-wire three-wire three-current meti;od. four-wire
1P3W 3P3W 3P3W(3V3A) 3P4W
us[vl (U1+U2)/2 (U1+U2+U3)/3
g 1s1A] 1+12)12 (1 +12+13)/3
S |Psw] P1+P2 P1+P2+P3
=]
= TYPE1 V3 V3
v ’ S1+8S2 X2 (s1+ S (S1+S2+S3 +S2+
S5 [VA] TYPE2 —(81+52) 3 ( ) S1+S2+83
TYPE3 / Ps? + Qs?
TYPE1 Q1+Q2 | a1+aq2+a3
Qs [var] TYPE2 \/ S52 - PS?
TYPE3 Q1+Q2 | a1+Q@2+a3

App-2
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Appendix 1 Symbols and Determination of Measurement Functions

(Table 3/3)
ﬂea:lfre’:nent Flunctions Methods of Computation and Determination
sed in Norma For information about the symbols in the equations see the notes.

Measurement

Single-phase, Three-phase, Three-phase, three-wire with Three-phase,

Wiring system three-wire three-wire three-voltage, three-current four-wire
1P3W 3P3W method. 3P3W(3V3A) 3P4W
WPX WP1 + WP2 WP1 + WP2 + WP3

WP [Wh]  WP+Z| When the watt-hour integration method for each polarity is
Charge/Discharge
WP+1 + WP+2

WP+1 + WP+2 + WP+3

When the watt-hour integration method for each polarity is Sold/Bought
WP+Z is the sum of the positive active power WPS values at each data
update interval.

WP-X | When the watt-hour integration method for each polarity is

Charge/Discharge WP-1 + WP-2 + WP-3
WP-1 + WP-2

When the watt-hour integration method for each polarity is Sold/Bought

2 WP-X is the sum of the negative active power WPS values at each data

2 update interval.

(%)

§ qz ql + g2 q1+q2+qg3

W qT[An] q+z q+1 + q+2 g+ + 42 + +3
q-X q-1+qg-2 g-1+qg-2+qg-3

N
1“ Y. sx(n) - Time

WSZ [VAh] =1
SX(n) is the nth apparent p%wer X function. N is the number of data updates.
The unit of time is hours.
N
WQs [varh] 1W Y, laz(n) |- Time
varl =
QZX(n) is the nth reactive pgwer X function. N is the number of data updates.
The unit of time is hours.
Px
AZ S5
0z [] cos*(&¢)

Nofte

« u(n) denotes the instantaneous voltage. i(n) denotes the instantaneous current.

» ndenotes the n'" measurement period. The measurement period is determined by the
synchronization source setting.

* AVGQ[ ] denotes the simple average of the item in brackets determined over the data
measurement interval. The data measurement interval is determined by the synchronization
source setting.

» PX denotes the active power of wiring unit X. Input elements are assigned to wiring unit =
differently depending on the number of input elements that are installed in the WT500 and
the selected wiring system pattern. For details, see section 2.3.

e The numbers 1, 2, and 3 used in the equations for UrmsX, Umnz, Urmng, Udcx, Uacs,
Irmsz, ImnZ, IrmnZ, Idcx, lacT, P, ST, QF, WPZ, and gX indicate the case when input
elements 1, 2, and 3 are set to the wiring system shown in the table.

» Equation Type 3 for ST and QX can only be selected on models with the harmonic
measurement option.

* Onthe WT500, S, Q, A, and ¢ are derived through the computation of the measured values
of voltage, current, and active power (however, when Type 3 is selected, Q is calculated
directly from the sampled data). Therefore, for distorted signal input, the value obtained on
the WT500 may differ from that obtained on other instruments that use a different method.

« For Q [var], when the current leads the voltage, the Q value is displayed as a negative
value; when the current lags the voltage, the Q value is displayed as a positive value. The
value of QT may be negative, because it is calculated from the Q of each element with the
signs included.
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Appendix 1 Symbols and Determination of Measurement Functions

Measurement Functions Used in Harmonic Measurement

(Table 1/2)

Measurement Functions
Used in Harmonic
Measurement

Methods of Computation and Determination

Numbers and Characters in the Parentheses

dc
(when k = 0)

k
(when k =1 to max)

Total Value (Total)
(No parentheses)

Voltage U( ) [V]

U(dc) =Ur(0)

U(k) =V Ur(k)? + Uj(k)?

u =“’ mZaXU(k)z
k =min

Current I( ) (A)

max

I(dc) = 1+(0) 1(k) =\ Ir(K)? + li(k)2 1= k;I(k)z

Active power P( ) [W] | P(dc) = Ur(0) -1+(0) P(k) = Ur(K) - Ir(k) + Uj(K) - i(k) P= EX_P(k)

Appare“(tT':(‘;"g) SCIIVAI S(dc) = P(dc) s(k) =v/P(k? + Q(k)? s=\P+ @

Reactive($$;v:;)9‘ ) Lvar] Q(dc) = 0 Q(k) = Ur(k) - li(k) — Uj(k) - Ir(k) Q = z?(k)
Power factor A( ) Mdc) =% MK) = g(% A= %

Phase difference o ) [‘] — o(k) = tan-" % o= tan-1(9

Phase difference with U(1)
oU( ) I

0U(k) = The phase difference
between U(k) and U(1)

Phase difference with I(1)
ol( ) [°]

ol(k) = The phase difference
between I(k) and I(1)

*

No

fe

(Continues on next page)

For details about the S and Q formula type settings, see section 5.4.

k denotes a harmonic order, r denotes the real part, and j denotes the imaginary part.

U(k), Ur(k), Uj(k), I(k), Ir(k), and lj(k) are expressed using rms values.

The minimum harmonic order is denoted by min. min can be set to either 0 (the dc

component) or 1 (the fundamental signal). For details, see section 6.4.

The upper limit of harmonic analysis is denoted by max. max is determined automatically

according to the PLL source frequency. It can go up to the 50" harmonic order.

App-4
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Appendix 1 Symbols and Determination of Measurement Functions

(Table 2/2)

Measurement Functions
Used in Harmonic

Methods of Computation and Determination

The numbers and characters in the parentheses are dc (when k = 0),
or k (when k =1 to max).

Measurement When the denominator of the When the denominator of the
distortion factor is the distortion factor is the
total value (Total) fundamental signal (Fundamental)
Harmonic voltage dlftortlon U(k . U(k) . 100
factor Uhdf( ) [%] U(Total)" u(1)
Harmonic current distortion I(k) —.100 1% . 100
factor Ihdf( ) [%] I(Total)™ 1(1)
Harmonic active power P(k P(K) . 100
distortion factor Phdf( ) [%] P(Total)™ P(1)
Total harmonic = =
voltage distortion V kzzu(k)z kZZU(k)2
Uthd [% ———.100 ——.100
r%l U(Total)” u()
max max
Total harmonic current Z I(k)? Z I(k)?
distortion Ithd [%] k=2 .100 k=2 .100
I(Total)™ I(1)
max max
Total harmonic active power Z P(k) Z P(k)
distortion Pthd [%] k=2 .100 k=2 .100
-1
P(Total) P(1)
. Single-phase, Three-phase, Three-voltage, Three-phase,
Wiring system three-wire three-wire three-current four-wire
1P3W 3P3W method (3V3A) 3P4W
Uz [V] (U1+U2)/2 (U1+U2+U3)/3
Iz [A] M1+12)/2 M+12+13)/3
PX [W] P1+P2 | P1+P2+P3
S [VA] 7 >
: (TYPE3)? VPIf+Qz
o
E= QX [var]
g (TYPE3)? Q1 +Q2 Q1+Q2+Q3
L=
A P
Az S
dU1-U2(°) Phase difference between U1(1) and the fundamental voltage of element 2, U2(1)
oU1-U3(°) Phase difference between U1(1) and the fundamental voltage of element 3, U3(1)
oU1-11(°) Phase difference between U1(1) and the fundamental current of element 1, 11(1)
oU1-12(°) Phase difference between U1(1) and the fundamental current of element 2, 12(1)
OU1-13(°) Phase difference between U1(1) and the fundamental current of element 3, 13(1)
max max max
“1 U(Total) = Z Uk)2, I(Total) = Z (k)2 , P(Total)= Z P(k)

k=min

*2 For details about the ST and
No

fe

k =min k=min

Qz formula type settings, see section 5.4.

k denotes a harmonic order, r denotes the real part, and j denotes the imaginary part.

The minimum harmonic order is denoted by min.

The upper limit of harmonic analysis is denoted by max. max is determined automatically
according to the PLL source frequency. It can go up to the 50" harmonic order.

The numbers 1, 2, and 3 used in the equations for U, IZ, P, ST, and QX indicate the case
when input elements 1, 2, and 3 are set to the wiring system shown in the table.

Only the total value and the fundamental signal (15t harmonic) are computed for .

IM 760201-01E
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Appendix 1 Symbols and Determination of Measurement Functions

Delta Computation (Optional)

Computed results are determined by substituting all of the sampled data in the table
into the equations for voltage U and current |."The synchronization source used in

delta computation is the same source as the source of the first input element (the input
element with the smallest number) in the wiring unit that is subject to delta computation.

Delta functions

Data Determined with the Delta

Delta Substituted Sampled Data| Computation and Corresponding
computation Measurement Function Symbols Note
type 0% [°] - The computation mode for AF1 to AF4 can
P u (t) i(t) be set to RMS, MEAN, RMEAN, DC, or AC.
i . Differential voltage and AF1rms[Udiff],
Difference ut-u2 i1-i2 differential current AF2rms][Idiff] T
3P3W—-3V3A ul-u2 —-i1-i2 Unmeasured line voltage .
and phase current AF1rms[Urs], |ltis .assqud that
computed in a three- AF2rms]lt] i1+i2+i3=0
phase, three-wire system
Delta—Star 1+u2
-~ ul- (u—3u) -—= AF1rms[Ur] ||t is assumed
Ph It ted that the center
up luttu2) | ; nase voliage compute AF2rms[Us] | of the delta
3 in a three-phase, connection
three-wire (3V3A) system is computed
_ lut+u2) - AF3rms[Ut] | as the center
3 of the star
-_——— i1+i2+i3 Neutral phase current AF4rms[in] connection.
Star—Delta utl-u2 - . . AF1rms[Urs]
Line voltage computed in
u2-u3 _—— a three-phase, four-wire AF2rms[Ust]
system —_——
u3-u1 -——— AF3rms[Utr]
-——— i1+i2+i3 Neutral phase current AF4rms[in]

* The equations for voltage U and current | listed in “Symbols and Determination of Measurement

Functions.”

Nofte

« u1, u2, and u3 represent the sampled voltage data of elements 1, 2, and 3, respectively. i1,

i2, and i3 represent the sampled current data of elements 1, 2, and 3, respectively.
* The numbers (1, 2, 3, and 4) that are attached to delta computation measurement function
symbols have no relation to the element numbers.
*  We recommend that you set the measurement range and scaling (conversion ratios and

coefficients) of the elements that are undergoing delta computation as closely as possible.

Using different measurement ranges or scaling causes the measurement resolutions of the
sampled data to be different. This results in errors.

App-6
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Appendix 2 List of Initial Settings and Numeric Data

Display Order

Factory Default Settings (Example for a Model with Three Input Elements

Installed)

The default settings vary depending on the number of installed input elements and what

options are installed.

Item Setting
Wiring
Wiring Setting 1P2W
Element Independent Off
n Formula
n1 P3/PT
n2 Px/P3
Udef1 P1+None+None+None
Udef2 P1+None+None+None
Ranges
U Range 1000V
| input Terminal Direct
| Direct input Range 40A
External Sensor Range 10V

Sensor Ratio

10.0000mV/A

Scaling
Scaling Off
Scaling Item VT
VT 1.0000
CT 1.0000
Scaling Factor 1.0000
Sync Source
Element Object Element1 Element2 Element3
Sync Source 11 12 13
Filters
Line Filter Off
Freq Filter Off
Update Rate
Update Rate 500ms
Averaging
Averaging Off
Averaging Type Exp.
Exp. Count 2
Lin. Count 8
Integration
Integrator Status Reset condition
Integ Set
Mode Normal
Timer Setting 00000:00:00
Integ Start 2008/01/01 00:00:00
Integ End 2008/01/01 01:00:00
Auto Cal Off
WP+Type Charge/Discharge
qMode dc
Measure
S Formula Urms:Irms
S, Q Formula Type1
Phase 180 Lead/Lag
Sync Measure Master

IM 760201-01E
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Appendix 2 List of Initial Settings and Numeric Data Display Order

Item Setting
User Function
ON/OFF Expression Unit
F1 OFF WH(E1)/TI(E1)*3600) W
F2 OFF URMSMAX(E1) \
F3 OFF IRMSMAX(E1) A
F4 OFF PMAX(E1) W
F5 OFF UPPEAKMAX(E1) Y
F6 OFF UMPEAKMAX(E1) Vv
F7 OFF IPPEAKMAX(E1) A
F8 OFF IMPEAKMAX(E1) A
Max OFF
Hold
Freq ltems
Frequency1 U1
Frequency?2 11
Harmonics
PLL Source U1
Measured Order Min Max
1 50
Thd Formula 1/Total
Delta Measure (Delta Measure Settings; displayed when the delta computation option is
installed)
Meas Type —
AF Mode rms
HOLD
Hold Off
FORM (Numeric Form)
Numeric 4 ltems
Form
ITEM (Numeric)
Item No. 1
Function Urms
Element/z Element1
Order —
FORM (Wave Form)
Format Single
Time/div 5ms
Trigger Settings
Mode Auto
Source U1
Slope Rise
Level 0.0%
Display Settings
Interpolate Line
Graticule Grid (@)
Scale Value ON
Label OFF
Wave Mapping
Mode Auto
User Setting U1:0, 11:0, U2:1, 12:1, U3:2, I3:2
ITEM (Wave Item)
Display ON/OFF Vertical Zoom Vertical Position
U1 OFF x1 0.000%
11 OFF x1 0.000%
u2 OFF x1 0.000%
12 OFF x1 0.000%
u3 OFF x1 0.000%
13 OFF x1 0.000%

App-8
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Appendix 2 List of Initial Settings and Numeric Data Display Order

Item Setting
ITEM (Bar ltems; displayed when the harmonic measurement option is installed)
Function Element
Graph1 U Element1
Graph2 | Element1
Graph3 P Element1
FORM (Bar Form; displayed when the harmonic measurement option is installed)
Format Single
Start Order 1
End Order 50
FORM (Trend Form)
Trend Format Single
Trend T/div 3s/div
Display Settings Same as those listed under FORM (Wave Form) on the

previous page

ITEM (Trend ltems)

Function Element/> Order Scaling Manual
Upper/Lower
T Urms Element1 — Auto —
T2 Irms Element1 — Auto —
T3 P Element1 — Auto —
T4 S Element1 — Auto —
T5 Q Element1 — Auto —
T6 A Element1 — Auto —
T7 [0} Element1 — Auto —
T8 FreqU Element1 — Auto —
FORM (Vector; displayed when the harmonic measurement option is installed)
Object A
Numeric On
U Mag 1.000
| Mag 1.000
CURSOR (Wave)
Wave Cursor OFF
Wave C1 + Trace U1
Wave C2 x Trace 11
Wave C1 + Position 100
Wave C2 x Position 400
Cursor Path Max
Linkage OFF
CURSOR (Trend)
Trend Cursor OFF
Trend C1 + Trace ™
Trend C2 x Trace T2
Trend C1 + 100
Trend C2 x 900
Linkage OFF

CURSOR (Bar; displayed when the harmonic measurement option is installed)
Bar Cursor OFF

Bar C1 + Position 1
Bar C2 x Position 15
Linkage OFF

IM 760201-01E
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Appendix 2 List of Initial Settings and Numeric Data Display Order

Item Setting
STORE(Store Set)
Control Settings
Store Mode Manual
Count 100
Interval 00:00:00
Store Item Numeric
Store Control Settings
Element Elem1
Function Urms, Irms, P, S, Q, 4, ¢, FreqU, Freql
Store File Settings
Save Path'’ RAMO-0
File Name —
Auto Naming ON
CSV Convert Auto
IMAGE SAVE
Format TIFF
Color OFF
Save Path'’ RAMO-0
AUTO Naming ON
FILE
File ltem Setup
NULL
Null OFF
MISC
Remote Control
GP-IB Address' 1
Date/Time
Display' ON
System Config
Message Language' ENG
Menu Language' ENG
Crest Factor CF3
usB
Keyboard JPN
Network
TCP/IP Setup
DHCP OFF
DNS OFF
User Account(User Account Setup)
User Name anonymous
Time Out(sec) 600
Self Test
Test Item Memory
KEY LOCK? OFF

1 This setting is not affected when the WT500 is initialized (MISC > Initialize Settings).
2 This setting is initialized when an RST command is received through the communication
interface.
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Appendix 2 List of Initial Settings and Numeric Data Display Order

Numeric Data Display Order (Example for a Model with Three Input Elements

Installed)
*  When the numeric data order is reset, the data of each measurement function is
displayed in the order indicated in the table below.
» For details about each displayed item of data, see section 5.1.
4 Item Display
Page
1 2 3 4 5 6 7 8 9
Urms1 Urms2 Urms3 Urmsx P1 P2 P3 Px n1
Irms1 Irms2 Irms3 IrmsX WP1 WP2 WP3 WPX n2
P1 P2 P3 PX WP+1 WP+2 WP+3 WP+Y | -
M A2 A3 AX WP-1 WP-2 WP-3 WP-X | -
8 Item Display
Page
1 2 3 4 5 6 7 8 9
Urms1 Urms2 Urms3 UrmsX P1 P2 P3 PX P1
Irms1 Irms2 Irms3 IrmsX WP1 WP2 WP3 WPZ P2
P1 P2 P3 P WP+1 WP+2 WP+3 WP+ P3
S1 S2 S3 ST WP-1 WP-2 WP-3 WP-X Pz
Q1 Q2 Q3 Qx Irms1 Irms2 Irms3 IrmsX n1
M A2 A3 AX q1 q2 q3 qz n2
o1 02 o3 (0> q+1 q+2 q+3 q+X —
fU(FreqU)1 | fU(FreqU)2 | fU(Frequ)3 — q-1 q-2 q-3 q-= —
16 Item Display
Page
1 2 3 4 5 6 7 8 9
Urms1 Urms2 Urms3 UrmsX Time1 Time1 Time1 Time1 F1
Irms1 Irms2 Irms3 IrmsX Urms1 Urms2 Urms3 UrmsXx F2
P1 P2 P3 PX Irms1 Irms2 Irms3 IrmsX F3
S1 S2 S3 ST P1 P2 P3 Px F4
Q1 Q2 Q3 Qx S1 S2 S3 ST F5
M A2 A3 AX Q1 Q2 Q3 Qx F6
o1 02 o3 [ — — — — F7
— — — — — — — — F8
fU(FrequU)1 | fU(FreqU)2 | fU(FreqU)3 P1 WP1 WP2 WP3 WPX —
fl(Freql)1 fl(Freql)2 fl(Freql)3 P2 WP+1 WP+2 WP+3 WP+X —
U+pk1 U+pk2 U+pk3 P3 WP-1 WP-2 WP-3 WP-X —
U-pk1 U-pk2 U-pk3 — q1 q2 q3 qz —
I+pk1 I+pk2 I+pk3 n1 q+1 q+2 q+3 q+z —
1-pk1 1-pk2 1-pk3 n2 q-1 q-2 q-3 q-x —
Cfu1 Ccfu2 Cfu3 — WS1 wWs2 WS3 WS —
Cfl1 Cfl2 Cfi3 — waQ1 wQ2 waQs3 waQx —

IM 760201-01E
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Appendix 2 List of Initial Settings and Numeric Data Display Order

Matrix Display

Left side of the screen in the Single List and Dual List displays”

* Single List and Dual List are only available on models with the harmonic measurement option.

Page

1 2 3 4 5
Urms1 Urms2 Urms3 Urmsz F1
Irms1 Irms2 Irms3 IrmsX F2
P1 P2 P3 PX F3
S$1 S2 S3 Sx F4
Q1 Q2 Q3 Qx F5
M A2 A3 AZ F6
o1 02 o3 oUi-Uj F7
Uthd1 Uthd2 Uthd3 oUi-Uk F8

Ithd1 Ithd2 Ithd3 oUi-li

Pthd1 Pthd2 Pthd3 oUi-lj

oUi-lj

Page
1 2 3 4 5 6 7 9
Urms Urms Irms Time — — — —
Irms Umn Imn WP — — — —
P Udc Idc WP+ — — — —
S Urmn Irmn WP- — — — —
Q Uac lac q — — — —
A U+pk I+pk q+ — — — —
[0} U-pk I-pk q- — — — —
fU(FreqU) Cfu Cfl WS — — — —
fl(Freql) fU(FreqU) fl(Freql) waQ — — — —
ALL Item Display
Page
1 2 3 4 5 6 7
Urms Urms Irms Time F1 U(k) Uthd
Irms Umn Imn Wp F2 I(k) Ithd
P Udc Idc WP+ F3 P(k) Pthd
S Urmn Irmn WP- F4 S(k) oUi-Uj
Q Uac lac q F5 Q(k) oUi-Uk
A U+pk I+pk q+ F6 MKk) oUi-li
o U—pk —pk a- F7 (k) oUi-j
fU(FreqU) Cfu Cfl WS F8 oU(k) oUi-lk
fl(Freql) waQ n1 ol(k)
n2
AF1
AF2
AF3
AF4
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Appendix 3 Power Basics (Power, harmonics, and

Power

AC RLC circuits)

This section explains the basics of power, harmonics, and AC RLC circuits.

Electrical energy can be converted into other forms of energy and used. For example,
it can be converted into the heat in an electric heater, the torque in a motor, or the light
in a fluorescent or mercury lamp. In these kinds of examples, the work that electricity
performs in a given period of time (or the electrical energy expended) is referred to as
electric power. The unit of electric power is watts (W). 1 watt is equivalent to 1 joule of
work in 1 second.

DC Power
The DC power P (in watts) is determined by multiplying the applied voltage U (in volts) by
the current | (in amps).

P=Ul (W)
In the example below, the amount of electrical energy determined by the equation above
is retrieved from the power supply and consumed by resistance R (in ohms) every
second.

'
1
c

A

Alternating Current

Normally, the power supplied by power companies is alternating current with sinusoidal
waveforms. The magnitude of alternating current can be expressed using instantaneous,
maximum, rms, and mean values. Normally, it is expressed using rms values.

The instantaneous value i of a sinusoidal alternating current is expressed by Imsinot
(where Im is the maximum value of the current, o is the angular velocity defined as o =
2zf, and f is the frequency of the sinusoidal alternating current). The thermal action of this
alternating current is proportional to i, and varies as shown in the figure below.”

* Thermal action is the phenomenon in which electric energy is converted to heat energy when
a current flows through a resistance.

iz Im?

The areas are the same

\ \
/ \ / \\ 1// Average of i2
Im \ IRms value |

P 2p —ot

i = Imsinot
The rms value (effective value) is the DC value that generates the same thermal action

as the alternating current. With | as the DC value that produces the same thermal action
as the alternating current:

= \/ The average of i2 over one cycle =

Because this value corresponds to the root mean square of the instantaneous values
over 1 period, the effective value is normally denoted using the abbreviation “rms.”

IM 760201-01E
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Appendix 3 Power Basics (Power, harmonics, and AC RLC circuits)

To determine the mean value, the average is taken over 1 period of absolute values,
because simply taking the average over 1 period of the sine wave results in a value of
zero. With Imn as the mean value of the instantaneous current i (which is equal to Imsin):

2n

1 2
Imn = The average of | i |over one cycle = ?/ [ildot = = Im
0
These relationships also apply to sinusoidal voltages.

The maximum value, rms value, and average value of a sinusoidal alternating current are
related as shown below. The crest factor and form factor are used to define the tendency
of an AC waveform.

Maximum value

Crest factor =
Rms value

Rms value
Form factor= —m
Average value

Vector Display of Alternating Current
In general, instantaneous voltage and current values are expressed using the equations

listed below.
Voltage: u = Umsinot
Current; i = Imsin(ot — ¢)

The time offset between the voltage and current is called the phase difference, and ¢ is
the phase angle. The time offset is mainly caused by the load that the power is supplied
to. In general, the phase difference is zero when the load is purely resistive. The current
lags the voltage when the load is inductive (is coiled). The current leads the voltage when
the load is capacitive.

When the current lags the voltage When the current leads the voltage

i

—ot 0 T 2r —ot

9]

Vector display is used to clearly convey the magnitude and phase relationships between
the voltage and current. A positive phase angle is represented by a counterclockwise
angle with respect to the vertical axis.

Normally, a dot is placed above the symbol representing a quantity to explicitly indicate
that it is a vector. The magnitude of a vector represents the rms value.

When the current lags the voltage When the current leads the voltage

U ol

g N
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Appendix 3 Power Basics (Power, harmonics, and AC RLC circuits)

Three-Phase AC Wiring
Generally three-phase AC power lines are connected using star wiring or delta wiring.

Star wiring Delta wiring
R R
] Q)Ij\%s . Z{:\,& .
Vector Display of Three-Phase Alternating Current
In typical three-phase AC power, the voltage of each phase is offset by 120°. The figure

below expresses this offset using vectors. The voltage of each phase is called the phase
voltage, and the voltage between each phase is called the line voltage.

R

Phase voltage \ voltage

T S

If a power supply or load is connected in a delta wiring configuration and no neutral
line is present, the phase voltage cannot be measured. In this case, the line voltage

is measured. Sometimes the line voltage is also measured when measuring three-
phase AC power using two single-phase wattmeters (the two-wattmeter method). If the
magnitude of each phase voltage is equal and each phase is offset by 120°, the line
voltage is V3 times the phase voltage, and the line voltage phase is offset by 30°.

Below is a vector representation of the relationship between the phase voltages and line
currents of a three-phase AC voltage when the current lags the voltage by ¢°.

U1a

I3

U2

xipuaddy
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Appendix 3 Power Basics (Power, harmonics, and AC RLC circuits)

AC Power
AC power cannot be determined as easily as DC power, because of the phase difference
between the voltage and current caused by load.
If the instantaneous voltage u = Unsinot and the instantaneous current i = Imsin(ot — ¢),
the instantaneous AC power p is as follows:

p =u xi=Umsinot x Insin(ot — ¢) = Ulcos¢ — Ulcos(2wt — ¢)

U and | represent the rms voltage and rms current, respectively.
p is the sum of the time-independent term Ulcos¢ and the AC component term of the
voltage or current at twice the frequency —Ulcos(2ot — ¢).”
AC power refers to the average power over 1 period. When the average over 1 period is
taken, AC power P is as follows:

P = Ulcos¢ [W]
Even if the voltage and current are the same, the power varies depending on the phase
difference ¢. The section above the horizontal axis in the figure below represents positive
power (power supplied to the load), and the section below the axis represents negative
power (power fed back from the load). The difference between the positive and negative
powers is the power consumed by the load. As the phase difference between the voltage
and current increases, the negative power increases. At ¢ = /2, the positive and negative
powers are equal, and the load consumes no power.

When the phase difference between voltage and current is 0

Positive P
u ower
Average power
P=UI

0 2 —ot

When the phase difference between voltage and current is ¢

/KPO\Sltwe power /\
/ Average power

/ \/ / P=Ulcoso

0 2t / —ot
Negative
power

When phase difference between voltage and current is %

P i Average power
P=Ulcos 5

il

The positive and negative powers are the same
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Appendix 3 Power Basics (Power, harmonics, and AC RLC circuits)

Active Power and the Power Factor
In alternating electrical current, not all of the power calculated by the product of voltage
and current, Ul, is consumed. The product of U and | is called the apparent power. It is
expressed as S. The unit of apparent power is the volt-ampere (VA). The apparent power
is used to express the electrical capacity of a device that runs on AC electricity.
The true power that a device consumes is called active power (or effective power). It
is expressed as P. This power corresponds to the AC power discussed in the previous
section.

S = Ul [VA]

P = Ulcos¢ [W]
cos¢ is called the power factor and is expressed as . It indicates the portion of the
apparent power that becomes true power.

Reactive Power

If current | lags voltage U by ¢, current | can be broken down into a component in the
same direction as voltage U, Icos¢, and a perpendicular component, Ising. Active power
P, which is equal to Ulcos¢, is the product of voltage U and the current component lcos¢.
The product of voltage U and the current component Ising is called the reactive power. It
is expressed as Q. The unit of reactive power is the var.

Q = Ulsing [var]

U

Below is the relationship between the apparent power, active power, and reactive power.
SZ = P2 + Q2

IM 760201-01E
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Appendix 3 Power Basics (Power, harmonics, and AC RLC circuits)

Harmonics

Harmonics refer to all sine waves whose frequency is an integer multiple of the
fundamental signal (normally a 50-Hz or 60-Hz sinusoidal power line signal) except

for the fundamental signal itself. The input currents that flow through the power
rectification circuits, phase control circuits, and other circuits used in various kinds of
electrical equipment generate harmonic currents and voltages in power lines. When the
fundamental and harmonic signals are combined, distortion occurs in the waveform, and
interference sometimes occurs in the equipment connected to the power line.

Terminology

The terminology related to harmonics is described below.

» Fundamental signal (fundamental component)
The sine wave with the longest period among the different sine waves contained in a
periodic complex wave. Or the sine wave that has the fundamental frequency within
the components of the complex wave.

» Fundamental frequency
The frequency corresponding to the longest period in a periodic complex wave. The
frequency of the fundamental signal.

» Distorted wave
A wave that differs from the fundamental signal.

» Higher harmonic
A sine wave with a frequency that is an integer multiple (twice or more) of the
fundamental frequency.

* Harmonic component
A waveform component with a frequency that is an integer multiple (twice or more) of
the fundamental frequency.

» Harmonic distortion factor
The ratio of the rms value of the specified n" order harmonic contained in the distorted
wave to the rms value of the fundamental signal (or all signals).

» Harmonic order
The integer ratio of the harmonic frequency with respect to the fundamental frequency.

+ Total harmonic distortion
The ratio of the rms value of all harmonics to the rms value of the fundamental signal (or
all signals).

Some of the effects of harmonics on electrical devices and equipment are explained in
the list below.
» Condensers and series reactors
Harmonic current reduces circuit impedance. This causes excessive current flow,
which can result in vibration, humming, overheat, or burnout.
» Cables
Harmonic current flow through the neutral line of a three-phase, four-wire system will
cause the neutral line to overheat.
» Transformers
Harmonics cause magnetostrictive noise in the iron core and increases iron and
copper loss.
» Breakers and fuses
Excessive harmonic current can causes erroneous operation and fuse blowing.
» Communication lines
The electromagnetic induction caused by harmonics creates noise voltage.
» Controllers
Harmonic distortion of control signals can lead to malfunctions.
* Audio visual equipment
Harmonics can cause degradation of performance and service life, noise-related video
flickering, and damaged parts.

App-18
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Appendix 3 Power Basics (Power, harmonics, and AC RLC circuits)

AC RLC Circuits
Resistance
The current i when an AC voltage whose instantaneous value u = Unsinet is applied
to load resistance R [Q] is expressed by the equation below. I, denotes the maximum
current.

Um
i = —sinot = Imsinot
R

Expressed using rms values, the equation is | = U/R.
There is no phase difference between the current flowing through a resistive circuit and
the voltage.

R
— > AANT Ti

U

Inductance
The current i when an AC voltage whose instantaneous value u = Unsinot is applied to a
coil load of inductance L [H] is expressed by the equation below.

= Imsin

. Um | b b4
i=——sinjot - — cot—?

X 2
Expressed using rms values, the equation is | = U/XL. XL is called inductive reactance
and is defined as XL = oL. The unit of inductive reactance is Q.

Inductance works to counter current changes (increase or decrease), and causes the
current to lag the voltage.

L
e o'y o W

n
u 2

Capacity
The current i when an AC voltage whose instantaneous value u = Unsinot is applied to a
capacitive load C [F] is expressed by the equation below.

= infot + 2| = Imsin|ot + =
1= SIN|M 2 = ImSIN|® 2

Xc

Expressed using rms values, the equation is | = U/Xc. Xc is called capacitive reactance
and is defined as Xc = 1/0C. The unit of capacitive reactance is Q.

When the polarity of the voltage changes, the largest charging current with the same
polarity as the voltage flows through the capacitor. When the voltage decreases,
discharge current with the opposite polarity of the voltage flows. Thus, the current phase
leads the voltage.

o
[

c

Bl
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Appendix 3 Power Basics (Power, harmonics, and AC RLC circuits)

Series RLC Circuits
The equation below expresses the voltage relationships when resistance Rs [Q],
inductance L [H], and capacitance C [F] are connected in series.

U =/(Urs)2+ (UL—Uc)? = /(IRs)2+ (IXL— IXc)?

= IW(Rs)? + (XL— Xc)? = I/Rs?+ Xs?

| Y o= tan™" Xs
=, =tan  —
AJ/Rs? + Xs? Rs
i
I Rs L C
—— AT
URs | UL Uc
U

The relationship between resistance Rs, reactance Xs, and impedance Z is expressed by
the equations below.

Xs=XL-Xc
Z = JRs? + Xs?
Parallel RLC Circuits

The equation below expresses the current relationships when resistance Rp [Q],
inductance L [H], and capacitance C [F] are connected in parallel.

2 2
1= A/ (IRe)2 + (IL-Ic)? = /(%) + (%_ %)

- o 1 - w4

IRPXP 4+ Rp
U= —, ¢ =tan Xo
A RP? + Xp? P
Ic |c|
T
IL 7': ~
IRP Rp
|
U

The relationship between resistance Rp, reactance Xp, and impedance Z is expressed by
the equations below.

XLXc
Xp=——m—m
Xc—- XL
RrXp
Z=

A RP? + Xp?
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Appendix 4 How to Make Accurate Measurements

Effects of Power Loss
By wiring a circuit to match the load, you can minimize the effects of power loss on

measurement accuracy. We will discuss the wiring of the current source and load
resistance shown in the figure below.

When the Measured Current Is Relatively Large

Connect the voltage measurement circuit between the current measurement circuit and
the load. The current measurement circuit measures the sum of i and iv. iL is the current
flowing through the load of the circuit under measurement, and iy is the current flowing
through the voltage measurement circuit. Because the current flowing through the circuit
under measurement is iL, only iv reduces measurement accuracy. The input resistance of
the voltage measurement circuit of the WT500 is approximately 2 MQ. If the input voltage
is 1000 V, iv is approximately 0.5 mA (1000 V/2 MQ). If the load current i, is 5 A or more
(load resistance is 200 Q or less), the effect of iv on the measurement accuracy is 0.01%
or less. If the input voltage is 100 V and the currentis 5 A, iV = 0.05 mA (100 V/2 MQ), so
the effect of iv on the measurement accuracy is 0.001% (0.05 mA/5 A).

SOURCE i i |LoAD
; !
SOURCE LOAD ~) i -
t E> ‘|' C) i i
x I - ! i
W ; :
: 9—/\/\/\—? .43 iL

As a reference, the relationships between the voltages and currents that produce effects
of 0.01%, 0.001%, and 0.0001% are shown in the figure below.

S 0.01% effect 0.001% effect
Z oo L o A o effec
o

8 soof |

3 |

> | 600 !

k> |

g 4001 | Smaller effect

@ 200+ | /0.0001% effect
[}

s 0 ]

0 5 10 15 20 25 30 35 40
—> Measured current (A)

When the Measured Current Is Relatively Small

Connect the current measurement circuit between the voltage measurement circuit and

the load. In this case, the voltage measurement circuit measures the sum of e and

el eL is the load voltage, and e, is the voltage drop across the current measurement

circuit. Only e| reduces measurement accuracy. The input resistance of the current

measurement circuit of the WT500 is approximately 5 mQ. If the load resistance is 1 kQ, %,’
the effect of e; on the measurement accuracy is approximately 0.0005% (5 mQ/1 kQ). §
SOURCE [ - s
U !
SOURCE ) LoAD [ > J|_‘ f\} j e m
£ —
% |
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Appendix 4 How to Make Accurate Measurements

Effects of Stray Capacitance

The effects of stray capacitance on measurement accuracy can be minimized by
connecting the WT500 current input terminal to the side that is closest to the earth
potential of the power source (SOURCE).

The internal structure of the WT500 is as follows:

The voltage and current measurement circuits are each enclosed in shielded cases.
These shielded cases are contained within an outer case. The shielded case of the
voltage measurement circuit is connected to the positive and negative voltage input
terminals, and the shielded case of the current measurement circuit is connected to the
positive and negative current input terminals.

Because the outer case is insulated from the shielded cases, there is stray capacitance,
which is expressed as Cs. Cs is approximately 100 pF. The current generated by stray
capacitance Cs causes errors.

| —Shielded case of the voltage
:l ! <« | measurement circuit
U > ~
2 /CS Outer case
tO I s / Groundin
AN / g
| \,” —
e < > "\Cs
+ O~y : | e
| —Shielded case of the current
measurement circuit

As an example, we will consider the case when the outer case and one side of the power
source are grounded.
In this case, there are two conceivable current flows, load current i. and the current that
flows through the stray capacitance ics. iL flows through the current measurement circuit,
then through the load, and returns to the power source (shown with a dotted line). ics
flows through the current measurement source, the stray capacitance, and the earth
ground of the outer case, and then returns to the power source (shown with a dot-dash
line).
Therefore, the current measurement circuit ends up measuring the sum of iL and ics,
even if the objective is just to measure iL. Only ics reduces measurement accuracy. If the
voltage applied to Cs is Vcs (common mode voltage), ics can be found using the equation
shown below. Because the phase of ics is ahead of the voltage by 90°, the effect of ics on
the measurement accuracy increases as the power factor gets smaller.

ics = Vcs X 27f x Cs

LOAD

Because the WT500 measures high frequencies, the effects of ics cannot be ignored.
If you connect the WT500 current input terminal to the side that is close to the earth
potential of the power source (SOURCE), the WT500 current measurement circuit
positive and negative terminals are close to the earth potential, so Vcs becomes
approximately zero and very little ics flows. This reduces the effect on measurement
accuracy.
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Appendix 5 Setting the Measurement Period

To make correct measurements on the WT500, you must set its measurement period
properly.

The WT500 uses its frequency measurement circuit (see section 2.1 for details) to detect
the period of the input signal that is selected using the measurement period setting (see
section 4.7 for details). The measurement period is an integer multiple of this detected
period. The WT500 determines the measured values by averaging the data sampled

in the measurement period. The input signal used to define the measurement period is
called the synchronization source.

The measurement period is automatically set inside the WT500 when you specify the
synchronization source.

You can select the synchronization source signal from the choices listed below.
U1, 11, U2, 12, U3, I3, Ext Clk (external clock), and None

* The selectable items vary depending on the installed elements. For the Ext Clk (external
clock) specifications, see section 14.6.

For example, if the synchronization source for input element 1 is set to 1, an integer
multiple of the period of 11 becomes the measurement period. By averaging the sampled
data in this measurement period, the WT500 computes the measured values for input
element 1, such as U1, I1, and P1.

Deciding Whether to Use Voltage or Current Input as the Synchronization
Source

Select an input signal with a stable input level and frequency (with little distortion) for the
synchronization source. Correct measured values can only be obtained if the period of
the synchronization source signal is detected accurately. To see whether the frequency
of the synchronization source signal is being measured correctly, follow the procedure
in section 5.14, “Selecting What Frequency to Measure,” to display the frequency of the
selected input signal on the WT500. The most suitable synchronization source is the
input signal whose measurement results are the most accurate and stable.

For example, if a switching power supply is being measured and the voltage waveform
distortion is smaller than the current waveform distortion, set the synchronization source
to the voltage signal.

Voltage waveform /\ /
N A
Y Y

Synchronization
source setting
: voltage signal

JAN JAN

Current waveform

xipuaddy
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Appendix 5 Setting the Measurement Period

Voltage waveform |

As another example, if an inverter is being measured and the distortion of current
waveforms is smaller than voltage waveforms, set the synchronization source to the
current signal.

Synchronization
source setting

M : Current signal
Current waveform ¥ v N

Zero crossing

» The rising (or falling) zero crossing is the time when the synchronization source
passes through level zero (the center of the amplitude) on a rising (or falling) slope.
The measurement period on the WT500 is between the first rising (or falling) zero
crossing and the last rising (or falling) zero crossing in the data update interval.

+ The WT500 determines whether to define the measurement period using the rising
or falling zero crossing automatically by choosing the method that will result in the
longest measurement period.

Data update interval

A
\

Measurement period

Synchronization;
source

@ Rising zero crossing
Q Falling zero crossing

When the Period of the Synchronization Source Cannot Be Detected

If there is not more than one rising or falling zero crossing on the input signal set as the
synchronization source within the data update interval, the period cannot be detected.
Also, the period cannot be detected if the AC amplitude is small. (See “Accuracy”
under “Frequency Measurement” in Section 14.6, “Functions” for information about the
detection levels of the frequency measurement circuit.) If this happens, the entire data
update interval becomes the measurement period, and the sampled data of the entire
period is averaged.

Data update interval

Measurement period

A
Y

Because of the reasons described above, the measured voltage and current values may
be unstable. If this happens, lower the data update rate so that more periods of the input
signal fit within the data update interval.
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Appendix 5 Setting the Measurement Period

When the Waveform of the Synchronization Source Is Distorted

Change the synchronization source to a signal that allows for more stable detection of
the period (switch from voltage to current or from current to voltage). Also, turn on the
frequency filter. For information about setting the frequency filter, see section 4.7.

The WT500 reduce the effects of noise by using hysteresis when it detects the

zero crossing. If the synchronization source is distorted or harmonics and noise are
superposed on the signal to a level exceeding this hysteresis, harmonic components

will cause zero crossing detection to occur frequently, and the zero crossing of the
fundamental frequency will not be detected stably. Consequently, the measured values of
voltage and current may be unstable. When high frequency components are superposed
on the current waveform such as in the aforementioned inverter example, turn the
frequency filter on to stably detect the zero crossing. Use of the filter is appropriate if it
makes the frequency measurement result more stable. Because frequency filter can be
used to facilitate the detection of the zero crossing of the synchronization source, it is
sometimes called the synchronization source filter or the zero-crossing filter.

With the frequency
. filter on o

When Measuring a Signal That Has No Zero Crossing Because of DC
Offset Superposed on the AC Signal
The measured values may be unstable if the period of the AC signal cannot be detected
accurately. Change the synchronization source to a signal that allows for more stable
detection of the period (switch from voltage to current or from current to voltage). The
frequency detection circuit is AC coupled. The period of AC signals that have no zero
crossing because of an offset can be detected if the AC amplitude is greater than or
equal to the detection level of the frequency measurement circuit (see “Accuracy” under
“Frequency Measurement” in Section 14.6, “Functions” for details).

With this feature, the measurement period is set to an integer multiple of the period of

the AC signal.
_ Data update interval Data update interval
Signal Measurement period
>

\/\/\/\/\ AC coupling
—_ = l

When Measuring a DC Signal

When there are ripples on the DC signal, if the level of the ripples is greater than or
equal to the detection level of the frequency measurement circuit (see “Accuracy” under
“Frequency Measurement” in Section 14.6, “Functions” for details) and the period can be
detected accurately and stably, a more accurate DC measurement is possible. If a large
AC signal is superposed on a DC signal, you can achieve a more stable measurement
by detecting the AC signal period and averaging it.

In addition, if a small fluctuating pulse noise riding on the DC signal crosses level zero,
that point is detected as a zero crossing. As a result, sampled data is averaged over an
unintended period, and measured values such as voltage and current may be unstable.
If the synchronization source is set to None, these types of erroneous detections can

be prevented. All of the sampled data in the data update interval is used to determine
the measured values. Set the synchronization source according to the signal under
measurement and the measurement objective.
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Appendix 5 Setting the Measurement Period

Data update interval -~ _ Data update interval

Measurement period When the
synchronization
source setting is
turned off

4
Y

Measurement period

\

Unintended zero crossing caused by pulse noise

Setting the Synchronization Period When Measuring a Three-Phase Device
If a three-phase device is measured with input elements 1 and 2 using a three-phase,
three-wire system, set the synchronization source of input elements 1 and 2 to the same
signal. For example, set the synchronization source of input elements 1 and 2 to U1. The
measurement periods of input elements 1 and 2 will match, and the £ voltage, = current,
and = power of a three-phase device can be measured more accurately.

Likewise, if a three-phase device is measured with input elements 1, 2, and 3 using a
three-phase, four-wire system, set the synchronization source of input elements 1, 2, and
3 to the same signal.

To facilitate this sort of configuration, the synchronization source setting on the WT500

is linked to the = wiring unit of the wiring system (when independent input element
configuration is off). If independent input element configuration (see section 4.2 for
details) is turned on, the synchronization source of each input element in the £ wiring unit
can be set independently.

Data update interval

Measurement period

Synchronization V\ /\ /\
source \/

| A VA NYA
Input signal U1 &
\/
| ANVA YA
Input signal U2 < \/ \/
/

Input signal U3 & /\ /\
N/

Synchronization Source Setup Example

Input element 1
Input element 2 U1 (or 1)

Input element 3
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Appendix 5 Setting the Measurement Period

Setting the Synchronization Period When Measuring the Efficiency of a
Power Conversion Device

Power Transformer with Single-Phase Input and Single-Phase Output

If a device that converts single-phase AC power to single-phase DC power is
measured with input elements 1 and 2, set the synchronization source of input
elements 1 and 2 to the voltage (or current) on the AC power end. In the example
shown in the figure below, set the synchronization source of input elements 1 and 2 to
U1 (or ).

The measurement periods of input element 1 (input end) and input element 2 (output
end) will match, and the power conversion efficiency of the device can be measured
more accurately.

Input: AC power U1 and I1 Output: DC power U2 and 12

\

Power transformer

Synchronization Source Setup Example

Input element 1

U1 (or 1)

Input element 2

Likewise, if a device that converts single-phase DC power to single-phase AC power
is measured with input elements 1 (DC end) and 2 (AC end), set the synchronization
source of input elements 1 and 2 to the voltage (or current) on the AC power end (input
element 2). In the example shown in the figure below, set the synchronization source
of input elements 1 and 2 to U2 (or 12).

Input: AC power U1 and I1 Output: AC power U2 and 12

»| Power transformer

Synchronization Source Setup Example

Input element 1

U2 (or 12)

Input element 2

Power Transformer with Single-Phase DC Input and Three-Phase AC Output

If a device that converts single-phase DC power to three-phase AC power is

connected and measured as shown on the next page, set the synchronization source

of all input elements to the same signal: the voltage or current of element 2 or 3 on the

AC power end.

In this example, set the synchronization source of input elements 1, 2, and 3 to U2 (or

12, U3, or 13). The measurement periods of the input signal and all output signals will

match, and the power conversion efficiency of the power conversion device can be

measured more accurately.

» Single-phase DC power: Connect to input element 1.

» Three-phase AC power: Connect to input elements 2 and 3 using a three-phase,
three-wire system.

IM 760201-01E
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Appendix 5 Setting the Measurement Period

AC power U2 and 12

DC power U1 and I1 AC power U3 and I3

\

Power transformer

Synchronization Source Setup Example

Input element 1

Input element 2 U2 (or 12, U3, or I3)

Input element 3

Power Transformer with Single-Phase AC Input and Three-Phase AC Output

If a device that converts single-phase AC power to three-phase AC power is connected

and measured as shown in the figure below, set the synchronization source of input

elements on the input end to the same signal and do the same for input elements on

the output end.

In this example, set the synchronization source of input element 1 to U1 (or 11), and

set the synchronization source of input elements 2 and 3 to U2 (or 12, U3, or I3).

In this case, AC signals of different frequencies are measured. If the synchronization

source of all input elements is set to the same signal, the measurement period of

either the input signal or the output signal will not be an integer multiple of the signal.

» Single-phase AC power: Connect to input element 1.

» Three-phase AC power: Connect to input elements 2 and 3 using a three-phase,
three-wire system.

AC power U2 and 12

AC power U1 and I1 AC power U3 and I3

/\/\/\/ Power transformer
I' S I' A Y l’ A}
’ \ ’ ’ S

Synchronization Source Setup Example

Input element 1 | U1 (or I1)

Input element 2
U2 (or 12, U3, or I3)

Input element 3

Note

* The measurement period for determining the numeric data of the peak voltage or peak
current is the entire span of the data update interval, regardless of the measurement
period settings discussed above. Therefore, the measurement period for the measurement
functions that are determined using the maximum voltage or current value (U+pk, U-pk,
I+pk, I-pk, CfU, and Cfl) is also the entire span of the data update interval.

* The measurement period of harmonic measurement functions is from the beginning of the
data update interval to 1024 points at the harmonic sampling frequency, regardless of the
measurement period settings discussed above.
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Appendix 6 USB Keyboard Character Assignments

104 Keyboard (US)

When the Ctrl Key Is Held Down on the When the Soft Keyboard Is Displayed Other
USB Keyboard on the WT500
Key
When the WT500 +Shift on the When the WT500
Shift is On USB keyboard Shift is On

a SETUP menu Execute INPUT INFO a A

b Execute STORE STORE SET menu b B

c Execute CAL Same as left c Cc

d Execute HOLD Execute Single d D

e Execute ELEMENT Execute ELEMENTALL e E

f FILE menu Same as left f F

g Execute START/STOP | Execute (INTEG) RESET g G

h h H

i Execute IMAGE SAVE | IMAGE SAVE menu i 1

i i J

k Execute SHIFT LOCK | Release SHIFT LOCK k K

1 Execute LOCAL Execute/Release KEY LOCK | L

m MISC menu Execute/Release NULL m M

n Execute NUMERIC n N

o OTHERS menu o o]

P P P

q FORM menu CORSOR menu q Q

r Execute RESET Same as left r R

s SHIFT on SHIFT off s S

t ITEM menu t T

u u U

v v \'

w Execute WAVE w w

X X X

y y Y

z z z

1 1 !

2 2 @

3 3 #

4 4 $

5 5 %

6 6 »

7 7

8 8 *

9 9 (

0 0 )
Enter | Execute Set Execute CAL Commit Same as left Execute Set Execute CAL
Esc Execute Esc Execute RESET Escape Same as left Execute Esc Execute RESET

Back Space Back Space Same as left
Tab
Space Bar Space Same as left

= = +

[ [ {

1 1 }

\ \ |

/ !

Caps Lock

IM 760201-01E
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Appendix 6 USB Keyboard Character Assignments

When the Ctrl Key Is Held Down on the When the Soft Keyboard Is Displayed Other
Key USB Keyboard on the WT500
When the WT500 +Shift on the When the WT500
Shift is On USB keyboard Shift is On
F1 VOLTAGE up
F2 VOLTAGE down Execute VOLTAGE AUTO
F3 Execute VOLTAGE AUTO
F4 CURRENT up
F5 CURRENT down Execute CURRENT AUTO
F6 Execute CURRENT AUTO
F7 Execute ELEMENT
F8 Execute U, |, P
F9 Execute S, Q, 1, ¢
F10 Execute WP, q, TIME
F11 Execute FU, Fl, n n Same as left
F12 Execute mode Q Same as left
Print Screen | Execute IMAGE SAVE | IMAGE SAVE menu
Scroll Lock
Pause
Insert
Home
PageUp | Execute PAGE PREVIOUS |Execute PAGE FIRST Execute PAGE PREVIOUS | Execute PAGE FIRST
Delete
End
Page Down | Execute PAGE NEXT Execute PAGE LAST Execute PAGE NEXT |Execute PAGE LAST
— Move cursor to the right Same as left* mzvr?gc;:rsor to Same as left :\:Ilc;v:iagchl:rsor to Same as left*
« Move cursor to the left Same as left* Move cursor to Same as left Move cursor Same as left*
the left to the left
v Move cursor down Same as left* Move cursor down Same as left*
T Move cursor up Same as left* Move cursor up Same as left*
When the Ctrl Key Is Held Down on When the Soft Keyboard Is Displayed
Numeric the USB Keyboard on the WT500 Other
Keypad When the WT500 +Shift on the +Shift on the
Shift is On USB keyboard USB keyboard
Num Lock
/ / Same as left
* * Same as left
- - Same as left
+ + Same as left
Enter Execute Set Execute CAL Enter Same as left Execute Set
1 1
2 Move cursor down Same as left 2 Move cursor down
3 Execute PAGE NEXT Execute PAGE LAST 3 Execute PAGE NEXT
4 Move cursor to the left Same as left 4 Move cursor to the left Move cursor to the left
5 5
6 Move cursor to the right Same as left 6 Move cursor to the right Move cursor to the right
7 7
8 Move cursor up Same as left 8 Move cursor up
9 Execute PAGE PREVIOUS |Execute PAGE FIRST 9 Execute PAGE PREVIOUS
0 0

*The WT500 shift will switch off if it is on. However, the shift will remain on if the shift lock is on.
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Appendix 6 USB Keyboard Character Assignments

109 Keyboard (Japanese)

When the Ctrl Key Is Held Down on the When the Soft Keyboard Is Displayed Other
USB Keyboard on the WT500
Key
When the WT500 +Shift on the When the WT500
Shift is On USB keyboard Shift is On

a SETUP menu Execute INPUT INFO a A

b Execute STORE STORE SET menu b B

c Execute CAL Same as left c (o]

d Execute HOLD Execute Single d D

e Execute ELEMENT Execute ELEMENTALL e E

f FILE menu Same as left f F

g Execute START/STOP | Execute (INTEG) RESET g G

h h H

i Execute IMAGE SAVE | IMAGE SAVE menu i |

i j J

k Execute SHIFT LOCK | Release SHIFT LOCK k K

1 Execute LOCAL Execute/Release KEY LOCK | L

m MISC menu Execute/Release NULL m ]

n Execute NUMERIC n N

o OTHERS menu o o]

P P P

q FORM menu CORSOR menu q Q

r Execute RESET Same as left r R

s SHIFT on SHIFT off s S

t ITEM menu t T

u u U

v \% \'

w Execute WAVE w w

X X X

y y Y

z z Y4

1 1 !

2 2 @

3 3 #

4 4 $

5 5 %

6 6 »

7 7 &

8 8 *

9 9 (

0 0 )
Enter | Execute Set Execute CAL Commit Same as left Execute Set Execute CAL
Esc Execute Esc Execute RESET Escape Same as left Execute Esc Execute RESET

Back Space) BS Same as left
Tab
Space Bar Space Same as left

A A ~

¥ \ |

@ @ )

[ [

H H +

M *

] 1 }

s , <

. . >

/ / 2

\ \ _

Caps Lock
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Appendix 6 USB Keyboard Character Assignments

When the Ctrl Key Is Held Down on the When the Soft Keyboard Is Displayed Other
Key USB Keyboard on the WT500
When the WT500 +Shift on the When the WT500
Shift is On USB keyboard Shift is On
F1 VOLTAGE up
F2 VOLTAGE down Execute VOLTAGE AUTO
F3 Execute VOLTAGE AUTO
F4 CURRENT up
F5 CURRENT down Execute CURRENT AUTO
F6 Execute CURRENT AUTO
F7 Execute ELEMENT
F8 Execute U, |, P
F9 Execute S, Q, 2, ¢
F10 Execute WP, q, TIME
F11 Execute FU, Fl, n n Same as left
F12 Execute mode Q Same as left
Print Screen | Execute IMAGE SAVE | IMAGE SAVE menu
Scroll Lock
Pause
Insert
Home
PageUp | Execute PAGE PREVIOUS |Execute PAGE FIRST Execute PAGE PREVIOUS | Execute PAGE FIRST
Delete
End
Page Down | Execute PAGE NEXT Execute PAGE LAST Execute PAGE NEXT |Execute PAGE LAST
— Move cursor to the right Same as left* mzvr?gc;:rsor to Same as left :\:Ilc;v:iagchl:rsor to Same as left*
<« Move cursor to the left Same as left* Move cursor to Same as left Move cursor Same as left*
the left to the left
v Move cursor down Same as left* Move cursor down Same as left*
T Move cursor up Same as left* Move cursor up Same as left*
When the Ctrl Key Is Held Down on When the Soft Keyboard Is Displayed
Numeric the USB Keyboard on the WT500 Other
Keypad When the WT500 +Shift on the +Shift on the
Shift is On USB keyboard USB keyboard
Num Lock
/ / Same as left
* * Same as left
- - Same as left
+ + Same as left
Enter Execute Set Execute CAL Enter Same as left Execute Set
1 1
2 Move cursor down Same as left 2 Move cursor down
3 Execute PAGE NEXT Execute PAGE LAST 3 Execute PAGE NEXT
4 Move cursor to the left Same as left 4 Move cursor to the left Move cursor to the left
5 5
6 Move cursor to the right Same as left 6 Move cursor to the right Move cursor to the right
7 7
8 Move cursor up Same as left 8 Move cursor up
9 Execute PAGE PREVIOUS |Execute PAGE FIRST 9 Execute PAGE PREVIOUS
0 0

*The WT500 shift will switch off if it is on. However, the shift will remain on if the shift lock is on.
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Appendix 7 User-Defined Function Operands

The following is a list of the operands that can be used in user-defined functions.

Parameter in ()
Measurement User-Defined Function Element | Wiring Unit
Function

Example E1to E3 E4
U U() U(E1) Yes Yes
Urms URMS() URMS(E1) Yes No
Umn UMN() UMN(E1) Yes No
Udc UDC() UDC(E1) Yes No
Urmn URMN( ) URMN(E1) Yes No
Uac UAC() UAC(E1) Yes No
1 1() I(E1) Yes Yes
Irms IRMS( ) IRMS(E1) Yes No
Imn IMN( ) IMN(E1) Yes No
Idc IDC() IDC(E1) Yes No
Irmn IRMN( ) IRMN(E1) Yes No
lac IAC() IAC(E1) Yes No
P P() P(E1) Yes Yes
S S() S(E1) Yes Yes
Q Q() Q(E1) Yes Yes
A LAMBDA() LAMBDA(E1) Yes Yes
[0 PHI( ) PHI(E1) Yes Yes
fu FU() FU(E1) Yes No
fl FI() FI(E1) Yes No
U+pk UPPK() UPPK(E1) Yes No
U-pk UMPK( ) UMPK(E1) Yes No
1+pk IPPK( ) IPPK(E1) Yes No
I-pk IMPK( ) IMPK(E1) Yes No
CfU CFU() CFU(E1) Yes No
Cfl CFI() CFI(E1) Yes No
n1 ETA1() ETA1() None or space’
n2 ETA2() ETA2() None or space’
Wp WH() WH(E1) Yes Yes
Wp+ WHP() WHP(E1) Yes Yes
Wp- WHM( ) WHM(E1) Yes Yes
q AH() AH(E1) Yes Yes
q+ AHP() AHP(E1) Yes Yes
q- AHM() AHM(E1) Yes Yes
WS SH() SH(E1) Yes Yes
wQ QH() QH(E1) Yes Yes
Time TI() TI(E1) Yes No

User-Defined Function

F1 F1() F1() None or space’
F2 F2() F2() None or space’ g>
F3 F3() F3() None or space’ g
F4 F4() F4() None or space’ =
F5 F5() F5() None or space’ e
F6 F6() F6() None or space’
F7 F7() F7() None or space’
F8 F8() F8() None or space’

1 The parentheses cannot be omitted.
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Appendix 7 User-Defined Function Operands

MAX Hold
Parameter in ()
Measurement User-Defined Function Element |Wiring Unit
Function
Example E1to E3 E4
Voltage UMAX() UMAX(E1) Yes Yes
Rms voltage URMSMAX( ) URMSMAX(E1) Yes No
Voltage mean UMEANMAX( ) UMEANMAX(E1) Yes No
Voltage simple
ge simp UDCMAX( ) UDCMAX(E1) Yes No
average
Voltage rectified | \,oyFANMAX() | URMEANMAX(E1)| Yes No
mean value
Voltage AC UACMAX( ) UACMAX(E1) Yes No
component
Current IMAX( ) IMAX(E1) Yes Yes
Rms current IRMSMAX( ) IRMSMAX(E1) Yes No
Current mean IMEANMAX( ) IMEANMAX(E1) Yes No
Current simple IDCMAX( ) IDCMAX(E1) Yes No
average
Current rectified | | oyE ANMAX() IRMEANMAX(E1) Yes No
mean value
Current AC
component IACMAX( ) IACMAX(E1) Yes No
Active power PMAX( ) PMAX(E1) Yes Yes
Apparent power SMAX() SMAX(E1) Yes Yes
Var hours QMAX() QMAX(E1) Yes Yes
Positive peak UPPEAKMAX() | UPPEAKMAX(E1) Yes No
voltage
Negative peak UMPEAKMAX() | UMPEAKMAX(E1) Yes No
voltage
Positive peak IPPEAKMAX( ) IPPEAKMAX(E1) Yes No
current
Negative peak IMPEAKMAX( ) IMPEAKMAX(E1) Yes No
current

* The following measurement functions can

be used on models

with the delta computatio

n option.

AF1rms() DELTAF1RMS( ) DELTAF1RMS( ) None or space’
AF2rms() DELTAF2RMS( ) DELTAF2RMS( ) None or space’
AF3rms() DELTAF3RMS( ) DELTAF3RMS( ) None or space’
AF4rms() DELTAF4RMS( ) DELTAF4RMS( ) None or space’
AF1mn() DELTAF1MN() DELTAF1MN() None or space’
AF2mn() DELTAF2MN( ) DELTAF2MN() None or space’
AF3mn() DELTAF3MN() DELTAF3MN() None or space’
AF4mn() DELTAF4MN( ) DELTAF4MN() None or space’
AF1dc() DELTAF1DC() DELTAF1DC() None or space’
AF2dc() DELTAF2DC( ) DELTAF2DC( ) None or space’
AF3dc() DELTAF3DC() DELTAF3DC() None or space’
AF4dc() DELTAF4DC( ) DELTAF4DC( ) None or space’
AF1rmn() DELTAF1RMN( ) DELTAF1RMN() None or space’
AF2rmn() DELTAF2RMN( ) DELTAF2RMN() None or space’
AF3rmn() DELTAF3RMN( ) DELTAF3RMN() None or space’
AF4rmn() DELTAF4RMN( ) DELTAF4RMN() None or space’
AF1ac() DELTAF1AC() DELTAF1AC() None or space’
AF2ac() DELTAF2AC() DELTAF2AC() None or space’
AF3ac() DELTAF3AC() DELTAF3AC() None or space’
AF4ac() DELTAF4AC( ) DELTAF4AC() None or space’

1 The parentheses cannot be omitted.
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Appendix 7 User-Defined Function Operands

* The following measurement functions can be used on models with the harmonic measurement option.

Left Parameterin (,)
or Parameter in ()

Right parameter in (, )

Measurement User-Defined Function Harmonic order
Function Element |Wiring Unit Total Value DC Fundamental | Harmonics
Example E1to E3 E4 ORT ORO OR1 0;:;:

ouU UPHI(,) UPHI(E1,0R3) Yes No No No No Yes
ol IPHI(,) IPHI(E1,0R3) Yes No No No No Yes
Uhdf UHDF(,) UHDF(E1,0R3) Yes No No Yes Yes Yes
lhdf IHDF(, ) IHDF(E1,0R3) Yes No No Yes Yes Yes
Phdf PHDF(, ) PHDF(E1,0R3) Yes No No Yes Yes Yes
U_k UK(,) UK(E1,0R3) Yes No Yes Yes Yes Yes
I_k IK(,) IK(E1,0R3) Yes No Yes Yes Yes Yes
P_k PK(,) PK(E1,0R3) Yes No Yes Yes Yes Yes
S_k SK(,) SK(E1,0R3) Yes No Yes Yes Yes Yes
Q_k QK(,) QK(E1,0R3) Yes No Yes Yes Yes Yes
Ak LAMBDAK(, ) LAMBDAK(E1,0R3)| Yes No Yes Yes Yes Yes
o_k PHIK(,) PHIK(E1,0R3) Yes No Yes Yes Yes Yes
Uthd UTHD() UTHD(E1) Yes No

Ithd ITHD( ) ITHD(E1) Yes No

Pthd PTHD() PTHD(E1) Yes No

oU1-U2 PHIU1U2() PHIU1U2(E4) No Yes

oU1-U3 PHIU1U3() PHIU1U3(E4) No Yes

oU1-11 PHIU1I1() PHIU1I1(E4) No Yes

oU1-12 PHIU1I2() PHIU1I2(E4) No Yes

oU1-13 PHIU1I3() PHIU1I3(E4) No Yes
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apparent POWET ...........coecveeeeecreeeenieeeennes 2-19, 5-6, 5-11, App-17
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attenuation constant ... 4-26
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average active POWET ........ccceevviiieiniiienieeiee e 2-20, 5-40
AVErage COUNE.....oiiiiiiiiiiii ettt 4-26
averaging......cccceeeeennes e 2-14
Averaging Menu iteM........ccceiriiriiiriiiieesee e 4-26
B Page
Bar Cursor item .........cooeiiiiiiieicece e 6-17
Bar Form menu..... 6-16
bar graph display............ 2-34
bar graph display range..........c.cccccoviiinennns ... 6-16
bar graph display split screens, number of................c........ 6-16
Dar graphs ........oo i 6-15
Bar ltems menu 6-15
Bar menu item .. 6-15
binary.......c........ 9-10
bind, €XECULING ...c.eeiieeie e 11-6
bIOCK diagram ..........cooiiiiiiiiiie e 2-2
C Page
CAL key ... e 12-3
CAPACHTY .ttt s App-19

Change fem MEeNU ........ccooiiiiiiiiiii e
character strings, entering.. .
Charge/Discharge setting .........ccccoooveiiiiviiiiieiiec e,
Clear Trend EXec menu item ..........cccooeiiieiiieiieeiie e,
Coloritem ......ccocevevcieeeiiieenns
Comment item ...
comments........... 9-9, 10-7
COoMPreSSIioN IEM.......cccuiiiiiiiieiie e
Configuration item .........ccooiiiiiii e
Contents Settings menu item ...

continuous integration mode
Control Settings menu item ....
Copy EXEC MENU ItEM ..o
COPY MENU ItEIM ...ttt
Count item
Crest faCtor.......ouiiiiiie

Crest Factor item ..........ccooiiiiiiiii e
CSV COoNVErt IteM ....coiiiie et
CT item

CT ratio

current input terminal...........ccociiiiiin s

current integration Mode............ccceviiiiiiiiii i 5-32
Current item........ccccceeene

current range ...

CURSOR key ........

CUrsOr measurement........cocoeeeeeeeeeeieeeeeeeeeeeeennns 6-15, 7-17, 8-13
CUISOT PAth.....coiiiiii e 7-19
Cursor Path item. . 719
cursor positions .. .. 8-14
Cutoff freqUENCY .......cocviiiiiii 4-23, 6-13
D Page

default gateway .........cccoceeiiiiiiiie e 11-4
Delete Exec menu item .........cccceiiiiiiiiiiie e 10-20
Delete menu item ............ 10-19
Delta>Star setting.. .. 5-44
delta computation ............ 2-21, 5-6, 5-42
delta computation mode ............cociiiiiiiii e 5-42
delta computation type .........ccccoviiiiiiiii
Delta Measure menu item .
Delta Measure Settings dialog bOX..........cccceeeiiiiiiiiieennnns 5-42
delta WIriNgG ...oooueiiiiie e App-15
Dest Dir menu item........coooiiiiiiieeeeee e 10-23
DHCP e
Difference setting .
AISPIAY -
displayed item order, resetting............ccccoeoiiiiiiieiiiieeiieene 5-5
displayed items, number of........ e B2

display resolution.... 2-16
Display Settings item.......... . 811
Display Settings menu item ...........cccccoiiiiiiieiiiiece, 7-13
diStorted WaVe .........cocuiiiiiiiiiic e App-18
distortion factor-... 2-21,6-12
DINS HEIM .. 11-3
domain name......... .. 115
Domain Name item..........cccoiiiiiii e 11-5
Dual List menu item.........ccooiiiiiiie e 5-2
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