HIOKI

INSTRUCTION MANUAL

3196

POWER QUALITY
ANALYZER

-I:quip%n::;t
\ NET

1-877-742-TEST (8378)

HIOKI E. E. CORPORATION



Jacob
TEsmall





I i
Contents

I Contents

INEFOAUCTION.....civii e e e e 1

SYMDOIS.... e ———— 1

Outlook of Operating Procedures............ccovuvvieiieeeeeiiiiieeeeeeeiinnnn 2
Chapter 1

Overview 3

1.1 ProducCt OVEIVIEW .......coevuiiiiiiiiiii et 3

1.2 FEALUIBS ..ot 4
Chapter 2

Key Explanations and Screen Configuration 9

2.1 Key EXplanations .......ccccooveiiiiiiiiiiiiiiiie e 9

2.2 Screen Names and Configurations ..........cccccceeeeeeennns 11

2.2.1 Common Display Areas .........ccccceeviieeeiieiiiiiiiiiene e 12

2.2.2 Screen Configurations ........ccccoeveeeeeeeeeieeeeeeeeie e 16

2.2.3 Screen DetailS .........cvuviiiiiiiiiieeee e 20
Chapter 3

Connections 37

3.1 Connection Diagram ........cccccceeiiiiriiiiiinieeeeeiiinn e eeeeens 39
Chapter 4

Making System Settings (SYSTEM Screen) 43

4.1 Using the SYSTEM Screen .......cccocoeevveiiieeiiiieeeeennnnnn, 43

4.2 Checking the Connection ..........ccccceevveevviviiieeeeceeiin. 45

4.2.1 Confirming the Connection Diagram ..........ccccceeeeeeeenenn. 45

4.2.2 Checking the Connection ...........ccovviiiiiiiiiiineeeeeeeeeee 47

4.3 Making System Settings ........ccoovvvviiiiiiiieieciiiiee e 49

4.3.1 Main SEttNQGS ...ovevvririiiiiiiiee e eee et 49

4.3.2 Recording Settings .......ccceovvviiiiiieeiieiie e, 59

4.3.3 Hardware Settings .....ccccevieieieeeeiiieeeeeeer e 59

4.4 Event Settings SCreen .......ccoevvevvvviiiiiieeeeeiiee e, 63

4.4.1 Measurement SEttingS .........cooeevviiiiiiiiiiiiiiiiie e 63

45 Load/SaVve SCIrEEN ... 64



i |
Contents

Chapter 5
Using Waveforms, Vectors, DMMs, and Bar Graphs
(VIEW Screen) 65
5.1 Using the VIEW SCreen ........cccccoevveiiiiiiiiiieeeeeiiicieeea 65
5.2 Waveform Display ......cccoovvvviieiiiiiiiiiiieeeeie e, 67
5.3  VecCtor DISPlay .....cooeevveiiiiiiieiieiiin e 70
54 DMMDISPIAY ..coovviiiiiiiiiiiiie e 73
5.5 Harmonics DISPlay ........ccovveiiiiiiiiiiiiiiiiiin e 74
5.5.1 Harmonics Bar Graph ...........couvvvviiiiiiiieeiieeeeeeeeeeiieiiienns 74
5.5.2 Harmonics LiSt SCreen ........ccccceevviiiiiiiciiiiiiie e 76
Chapter 6
Using the Time Series Graph (TIME PLOT Screen) 79
6.1 Using the TIME PLOT Screen ........cccccceeevieevveiinnnnnnn. 79
6.2 Time Plot Settings ....cocvvviiiieieece e 81
6.3 Changesin RMS Value .......cccccoooiiiiiiiiiiiiiiciceie e 89
6.4 ChangesinVoltage ........c.cccoiiiiiiiiiiiiii e 93
6.4.1 Graphing Voltage Fluctuations for Each Interval .......... 93
6.4.2 Graphing Voltage Fluctuations for Events .................... 96
6.5 Changes in HarmonicCs ........ccccccceevieiviiiiiiiieeeeeiiiinnnn. 100
6.6  FlCKEr ooveeiie e 104
6.6.1 IEC Flicker Meter and AV10 Flicker Meter .................. 104
6.6.2 IEC Flicker Graph ..........coooviiiiiiciii e 107
6.6.3 IEC FIlicker List ........uoiiiiiiiiiiieeeeeie e, 110
6.6.4 AVI10 Flicker Graph ..o 111
6.6.5 AVIO0 Flicker LiSt ....ccooeiiiiiiiiiiiiieeeiie e 114
Chapter 7
Using Events
(EVENT Screen) 115
7.1 Using the EVENT Screen .......ccccooveevvviiiiiieeveeiinnnn, 116
7.2 Event Detection Method ..........cccooovviiiiiiiiiiiiinee, 118
7.3  EVENt SettiNgS .....coviiiiiiiiiiieeeeei e 121
7.3.1 Voltage/Power Event Settings .........cccceevveeiieeeeeennennnn. 122
7.3.2 Harmonics Event Setting ..........ccovvvvvviiiiiiiiiiieeeeeeeeeee 126
7.4 Event List Display ......cccccoeeiiiiiiiiiiiiiieeceiee e 127
7.5 Analyzing Event OCCUITENCES .........cvvevviiiieiiiineeenn, 130
7.6 Analyzing Transient Waveforms ..........cccccccoeieeeen. 131
7.7 Event Monitor Display .......cccccoeviiiiiiiiiiiii e 134



I iii
Contents

Chapter 8
Using the External Control
Terminals 135
8.1 Connecting to the External Control Terminal ........... 136
8.2 EventInput Terminal (EVENT IN) ....cccoovviviiiiiineeeene, 137
8.3 Event Output Terminal (EVENT OUT) ......cccevvnnnnnnee. 138
Chapter 9
Loading and Saving Settings and Measured Datal4l
9.1 Using the Internal Memory ..........cccceeveiiiiiiieiiiinneeen, 142
9.2 UsingaPC Card .....ccccoeeiiiiiiiiiiie e 143
9.2.1 Selectinga PC Card ..........ceceeeevvviiiieiiiicieee e 143
9.2.2 Inserting and Removing the PC Card .........ccccceveeeeennnn. 144
9.2.3  File TYPES ..o oottt 145
9.2.4 Saving and Loading Files ..........cccccvvvivviiiiiviiiiiiiee e, 147
Chapter 10
Using a Printer 157
10.1 Setting the Printer .........coooiviiiiiiiiii e, 157
10.2 Printing Hard COPIES ....cocvviiiieiiiiiiieeeeeeiie e 158
Chapter 11
Using the PC 159
11.1 Remote Control and Monitoring Using an RS-232C
INTEITACE ..o 160
11.1.1 Connecting a MOAEM .......ocvvviiiviiiiiiie e e 161
11.1.2 Setting the 3196 .......ccooviiiiiiiiiiiie e 162
11.1.3 Settingthe PC ..o 163
11.2 Control and Monitoring Using a LAN Interface ......... 167
11.2.1 Connecting the 3196 ...........uciiiiiiiiieieeeeieeeeeeeeiiiis 168
11.2.2 Setting the 3196 ........cooviiiiiiiiiiiice e 168
11.2.3 Settingthe PC ..o 172
11.3 HTTP Server FUNCLION .......ccooeeeviiiiiiiie e 174
11.3.1 OVEIVIEW oviiiiiiiiiiiee ettt 174
11.3.2 Setting the HTTP Server Function ..........cccccevvvvvvvnnnnnne 175
Chapter 12
Specifications 179
12.1 Product Specifications ..........ccccceeeveeevieiiiiiieeeeeiiinnn 179
12.2 Measurement Specifications ...........cccccccceeeeeeeeeninnnnn. 183
12.3 Setting FUNCLONS .....cooviiiiiiiieieeii e 194

12.4 FOIMUIAE ... 199



iV |
Contents

Appendix 213
Measurement Range and Nominal Voltage...............cccceuuenn. 213
TIME PLOT Recording Method ..o 215
Event Waveform Recording Method...............oooevviiiiiiinnnnnn. 216
Detecting Anomalies and Phenomena Due to Drops in

Power QUANILY .......c.uuiiiiiiiii e 217
BLIC=11 011 701 (oo |2 218

AV10 Flicker Text Time-sequence Data-header Composition226
IEC Flicker Text Time-sequence Data-header Composition . 226

Text Event Waveform Data Format Composition................... 226
Text Voltage Fluctuation Event Data Format Composition.... 226
Text Event Data-format Composition .............coceevvviiieeeeeennnn, 227
Contents of Automatic Setting of Events (thresholds)........... 228
Event Recording Sequence (Priority Order) .........coeeveevvennnen. 230
Block Diagram (ANalog).........cooveiieiiiiiiiiieiieiiie e 231

Block Diagram (Digital) .........ccooovieiiiiiiiiiiii e 232



Introduction

Introduction

Symbols

e S

The 3196 Quick Start Manual accompanies this device.

Refer to this guide for precautions, information about connecting peripheral
devices, connection methods, and measurement methods.

The present Instruction Manual mainly deals with how to make screen set-
tings and how to set peripheral devices.

A clamp-on sensor (optional) is required to measure electrical currents with
this device.

For more details, refer to the Instruction Manual of the clamp-on sensor
that you are using.

For detailed information on the EN50160, see the Instruction Manual for
EN50160.

ACAUTION Indicates that incorrect operation presents a possibility of
VN M injury to the user or damage to the product.

NOTE Indicates advice about product performance and opera-
e tions.

Indicates references.

shooting remedies.

Indicates that the explanation of a technical term is at the

1

@ Indicates quick references for operations and trouble-

*
bottom of the page.

Indicates the explanation of a technical term.




Outlook of Operating Procedures

Outlook of Operating Procedures

Indicates the purpose Indicates the screen name  Indicates the name of an item displayed
of the settings. selected with the DF key.  on the screen.
Connection metijod settings (CH/, 2, 3)

1P2W To measure single-phase two-wire pawer lines
Select from pull- 1PIW To measure single-phase three-wire power lines
down e IPIWIM Tomeasure single-phase three-wire power lines (using
the 2 power meter method)

{Use this when measuring three-phase power with 2-
spot current measurement only. )

AP3IW3M To measure three-phase three-wire power lines (using
Cancal the 3 power meter method)
IPawW To measure three-phase four-wire power lines

A

Confirm

Indicates operation keysl Displays the item selected in the drOp-dOWﬂ
list box accompanied by an explanation.
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Overview

1.1 Product Overview

The 3196 POWER QUALITY ANALYZER detects power line anomali-
ties and analyzes power line quality.

. . o Need for power supply
Electric power liberalization >quality analysis

Power electronics application devices :

Large arc heaters, large rectifiers

3196

Cooperative system with independent
power

Alternative energy (solar, wind pow-
er, gas turbine, etc.)

¢ Correctly analyze abnormal phenomena
Analysis can be performed by correlating measurement items with par-
ticular standard characteristics to ascertain the causes of power line
anomalies.

FS Continuous long-term monitoring and recording
Power line anomalies often occur intermittently, so they must be cap-
tured when an anomaly occurs, along with its type and intensity.

¢ Remote control

The type and time of occurrence of anomalies can be instantly deter-
mined through a variety of interfaces (RS-232C, LAN, printer and
modem).

Modem Public circuit

3196 3196
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1.2 Features

Safe design
Designed to comply with safety standard EN61010-1:2001.

Supports a variety of power lines

Measures single-phase 2-wire, single-phase 3-wire, three-phase 3-
wire and three-phase 4-wire systems.

An extra input channel is provided for uses such as measuring power
lines of a second system, for direct voltage measurement or for mea-
suring a neutral line.

Simultaneous measurement of multiple elements of

power supply quality
Multiple power supply quality parameters can be selected as desired
for simultaneous measurement.
1. High speed voltage quality parameter
Transient overvoltage (impulse)
2. RMS voltage quality parameters
Voltage swell (surge), voltage dip (sag), voltage interruption
3. Power quality parameters
Frequency, voltage, current, active power, apparent power, reactive
power, power factor (displacement power factor)
4. 3-Phase quality parameters
Voltage unbalance factor, current unbalance factor
5. Harmonic quality parameters
Harmonic voltage, current and power; inter-harmonic voltage and
current; harmonic voltage and current phase angle; total harmonic
voltage and current distortion factors (THD-F, THD-R); total inter-
harmonic voltage and current distortion factors (THD-F, THD-R)
6. Other parameters
K factor, flicker

High-speed impulse detection and waveform display
function

Four voltage channels are sampled at 2 MS/s, so high-speed detection
and waveform display can be performed at up to 0.5 ps and high volt-
age (2000 Vpk transient overvoltage (impulse)).
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AV10 Flicker, IEC flicker measurement

Select either IEC flicker (Pst, PIt) regulated by international standards,
or AV10 Flicker commonly used in Japan, and measure with power
quality parameters.

A-Y and Y-A conversion functions provided

A-Y conversion can be performed on three-phase 3-wire systems, and
Y-A conversion can be performed on three-phase 4-wire systems. In
either case, line-to-line voltage or phase-to-neutral voltage display is
available.

Up to one month continuous measurement

Data is saved to internal memory during the measurement period.
Use of a PC card enables continuous measurement for one month at
maximum.

Time plot graph display

Fluctuations in various power quality parameters are displayed in time
plot graphs.

Calculated maximum, average and minimum values for each interval
are displayed.

Event detection functions

1. Event detection using preset threshold settings
Events exceeding thresholds are detected by setting thresholds for
various power quality parameters.
Up to 100 events can be saved to internal memory.
Up to 1000 events can be saved on PC card.
Events that occur simultaneously are correlated and treated as a
single event.

2. Event Analysis
Confirm when and what kind of events have occurred from the
Event List.
Each event can be analyzed using waveforms, vectors, harmonic
bargraph and related parameter values.

3. External input and output of events
A signal can be output when an event occurs. Also, an externally
applied signal can be set to be recognized as an event.

Easy-to-see TFT color LCD

The display is a 6.4-inch (640 x 480 dot) high-contrast, wide-viewing-
angle TFT color liquid crystal display. The screen is easy to see in
both bright and dark environments, and is capable of showing many
power quality parameters at the same time.
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L 4

L 4

RS-232C and LAN interfaces provided
Connect a PC, printer or modem for remote control and data output.

PC Card interface provided

Measurement and event data can be preserved by saving to a PC
Card.

Setting conditions and measurement data can be stored and read
back using a PC Card.

Seven selectable display languages

Select the display language from Japanese, English, German, French,
Spanish, Italian, or Chenese (Simplified).

Nickel-Metal-Hydride battery pack supplied

The Ni-MH battery backs up internal data when power is off.

When fully charged, data is backed up for 30 minutes when power is
turned off.

Compact and light weight

The compact size and light weight allows installation even in limited
space, such as in a cubicle.

Carrying case options for portability

The optional cases allow measurements to be taken without removing
the instrument. Choose from a light-weight soft case or water-resis-
tant hard case.

A choice of optional clamp-on sensors

Select either the 9660 CLAMP ON SENSOR (100 A rms rating), the
9661 CLAMP ON SENSOR (500 A rms rating), the 9667 FLEXIBLE
CLAMP ON SENSOR (500/ 5000 A rms rating), or the 9669 CLAMP
ON SENSOR (1000 A rms rating), 9694 CLAMP ON SENSOR (5 A
rms rating).

The 9657-10 CLAMP ON LEAK SENSOR and 9675 CLAMP ON LEAK
SENSOR also can be used.

Control instrument settings and data acquisition by
Web browser

HTTP server functions are built in
Instrument settings and data acquisition can be controlled by common
Internet Web browsers like Internet Explorer or Netscape Navigator.
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Control instrument settings and data acquisition by
Web browser

HTTP server functions are built in
Instrument settings and data acquisition can be controlled by common
Internet Web browsers like Internet Explorer or Netscape Navigator.

PC application software (option) for analyzing a large
volume of data

By using the optional 9624 PQA-HIVIEW or 9624-10 PQA-HIVIEW
PRO, a large volume of long-term measurement data recorded on a
PC card can be analyzed.

Remotely downloaded application software provided
By using the Down96 download application supplied with the product,
data in the main unit can be downloaded from a distant location via
LAN or RS-232C (modem).

EN50160-compliant evaluations

Conforms to the European standard EN50160 (Voltage characteristics
of electricity supplied by public distribution systems) and suitable for
evaluation of the voltage quality of a power system.

Optional GPS BOX available for precisely timed mea-
surements

Using the XD112 GPS BOX, measurements can be precisely timed
using communications satellites.

Measurement is possible on 400 Hz power lines

Measure 400 Hz power such as that used for aircraft equipment and
shipping tests.

Because the usual shipping tests do not include 400 Hz measure-
ments, please advise when ordering if your application requires guar-
anteed accuracy at 400 Hz.

For detailed information on the EN50160, see the Instruction Manual
for EN50160.
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Key Explanations and Screen

Configuration

2.1 Key Explanations
Front Panel DF1 to DF4 keys SYSTEM/ VIEW/ TIMEPLOT/
EVENT key

Press these Display Function

Display DF keys to select the type of dis-| | Select the screen type according to
6.4-inch, TFT color play. the intended usage
LCD display ["Front Panel Enhanced |jf0[1t Panel Enhanced
View"(page 10) View"(page 10)
o T v W e S
-
/ HIOKE 3198 PowEr QUALTY ANALYZER I \ H
P
A

DATA HOLD key

DATA RESET key

START/STOP key

Cursor keys

/ ENTER key

Used to set the
T // H } contents of items
|

that are selected or
UUUJ modified.

F1to F4 keys ESC key ,
Select or change display Ignores selected or changed items and returns the

or setting items. original setting.

POWER LED
This lamp lights when the power is on. HARD COPY key

s Prints a screen image, or outputs
POMISIEER) 237 IS EXOIpitSl th. green the screen image as afile to a PC
Powered by battery pack: Lit red o
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Front Panel Enhanced View

SYSTEM key
Displays the [SYSTEM]screen (for select-
ing display of system settings).

VIEW key
Displays the [VIEW]screen (for se-

lecting an Analysis view) TIME PLOT key
Displays the [TIME PLOT]screen (for selecting
the time plot graph).

EVENT key
Displays the [EVENT]screen (for selecting events).

DATA HOLD key

Temporarily stops display of measured values.
Press again to cancel. While recording, display of the
measured value can be stopped for confirmation.

DATA RESET key
All measurement data is erased from internal memory.
Press this key to reset before restarting recording.

START/STOP key

Starts and stops recording.

To start recording, press the DATA RESET key
to reset the data, then press this key.

Cursor keys
These keys move the cursor on the screen.
Use to scroll the TIME PLOT screen.

DF1 to DF4 keys (Display function)

Select a screen to display from the selected screen type: SYSTEM, VIEW, TIME PLOT or EVENT.

The screen selections are as follows:

[SYSTEM]screen.......... Wiring diagram, Main settings, Event settings, Load/Save, etc.

[TIME PLOT]screen..... RMS fluctuations, Voltage fluctuations, Harmonic fluctuations,
Flicker display, etc.

[VIEW]screen................ Waveforms, Vectors, DMM, Harmonic display, etc.

[EVENT]screen............ List, Monitor, etc.
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2.2 Screen Names and Configurations

( Power ON ) ;
Each screen type (SYSTEM, VIEW, TIMEPLOT and EVENT) displays the

following information in response to the DF keys.

Screen
Selection

|

WIRING WAVE RMS EVENT

) © WIRING e VOLT/CURR e 1 ELEMENT e LIST

« VECTOR e VOLTAGE e 2 ELEMENT e MONITOR
e CURRENT

MAIN VECTOR VOLTAGE EN50160 *

« MEASURE ¢ INTERVAL e Overview

/| « RECORDING « EVENT
+ HARDWARE
EVENT DMM HARMONICS EN50160 *

i » VOLTAGE « POWER « HARM e Harmonics
« POWER e VOLTAGE « INTERHARM e Signaling
 HARMONICS |+ CURRENT » Events
LOAD/SAVE HARMONICS FLICKER EN50160 *

+ MEMORY « GRAPH e GRAPH e Settingl
« PC-CARD e LIST e LIST e Setting2
e Setting3

Display
Selection

Indicator

Internal Status

* Used when the EN50160 function is ON.

O-@-O®

~=. [ANALYZING]

[SETTING] [RECORDING]
O—E=—(2) O
T OO0 —

Other Displays

DATA
RESET
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2.2.1 Common Display Areas

The display elements common to all screens on the 3196 are as fol-

lows.
Top of Screen
Interface & Hold/Lock Screen Selection*1 Internal Status
Indicators*4 Indicates the screen type select-| | Indicator*2
Indicates interface usage and ed by the corresponding key. Indicates the current inter-
HOLD/LOCK status. nal operating status.

“SYSTEM_ VIEW /TIME PLOT" EVENT
- NAL MEMORY

SYSTEM Settings Memory Usage
Indicators*5 Indicators*3 Number of repeated
Displays the contents specified | | Level meters indicate the usage| | recording operations*6
in @ MEASURE status of internal memory and | | The number of repeated re-
flash ATA card. cording operations currently
set will be indicated.

Bottom of Screen

Help Comment Display
Shows a brief description of the item at the cursor position on the SYSTEM screen.

FC-CARD

2e61/87/22
18:48:87

Power Supply Indicator Time Display
: Shows the current
Indicator Power supply status time

_ Powered by AC adapter

White/ Red | Battery pack is charging

Powered by AC adapter
White/ White | Installed Battery Pack

Powered by battery pack

Powered by battery pack, but charge is low.
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*1:Screen Selection Display

YIEW

TIME PLOT EVENT

[TIME PLOT]screen

[EVENT]screen

*2:Internal Operating Status Display

. ING
ANALY ZTNG

Co
start/stop recording.

[SYSTEM]screen

[VIEW]screen

One of [SETTING], [RECORDING](JWAITING] until preset
time to start measuring), or [ANALYZING] is displayed to
indicate the internal status of the instrument.

The internal status is changed by pressing START/STOP to

Display Internal status description Real-time Recording status
measurement
[SETTING] When turned on, there is no recorded data in the | Possible Preparation for re-
instrument cording
(not recording)
[WAITING] Waiting until a preset start time to begin mea- | Possible
suring
[RECORDING] | Recording has started and measurement data | Possible Recording in progress
is being saved to the instrument’s internal mem-
ory (and perhaps to a PC Card)
[ANALYZING] | Recording has finished and the instrument is Possible Recording finished
ready for analysis of the measurement data in
internal memory

Normal Measurement

[SETTING] __ [RECORDING] .  [ANALYZING]
ED—()g O o) —0
~ Measurement starts Measurement finished

DATA
DATA ‘_

Measurement with Specified Time Settings

[ANALYZ-
[SETTING] —~, [WAITING] [RECORDING] ING]
ER—(m)—O O O
<~ Starts measurement at the Finishes measurement at
measurement start time.

DATA
RESET,

the measurement end
time.

If the preset measurement start time has already passed, measure-

ment starts immediately.
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*3:Memory Usage Indicators

INTERNAL MEMORY: Internal memory
PC CARD MEMORY: ATA flash card

TIME PLOT related data capacity
Measurement stops when memory becomes full.
(Selectable Stop/Continuous) Total capacity: 5 MB

INTERNAL MEMORY

p to 100 EVENT data sets can be stored
After 100 events are stored, the earliest are overwritten.

Total capacity: 8 MB

*4:Status lcons

Interface usage status indicators

Indicates the printer is ready for use.

Indicates the modem is ready for use.

Indicates the LAN interface is ready for use.

HOLD/LOCK status indicators

Indicates the DATA HOLD key has been pressed to
activate the Data Hold function.

REY Indicates the KEY LOCK switch has set to lock the
L OC K
keys.
PC card status display

- Lights when the PC Card is being accessed.

*5: SYSTEM settings display

Frequency of Measured PT(VT)/CT Ratio
Line ing):
Voltane/Current Rande o [SC] (scaling):Appears whenthe PT
g g Red Indication: means the mea- or CT ratio has been set.

Red Indication: means out of range
In this case, increase the range set-
ting.

surement frequency is different  (Not displayed)]: when the PT and
from the line frequency CT ratios are both 1.

Measurement Line type CH4 Voltage measure- PLL Sync Frequency source
Set on the SYSTEM screen  ment function Indicates red when no input is applied at the
(AC/ DC/OFF) selected source.
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Number of repeated recording operations

When the repeated recording function is set, the number of repeated
recording operations currently set will be indicated.

Repeated recording operations can be conducted up to 99 days at
one-day measuring intervals, and up to 99 weeks at one-week mea-
suring intervals.

The measured data file of repeated recording is saved as a separate
binary file for each one-day or one-week period on the PC card.
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2.2.2 Screen Configurations

For a detailed description of each screen, see 2.2.3 "Screen Details", and for information
about how to make settings, see the references on the right.

SYSTEM Screen

WIRING [ 4.P "Checking the Connec-
tion"(page 45)

WIRING Displays connection diagrams. [—4D.1 "Confirming the Con-
You can confirm the connections of nection Diagram"(page 45)
the voltage cord and clamp sensors.

VECTOR Displays voltage and current vector | [_4.P.2 "Checking the Connec-
diagrams. o tion"(page 47)

You can check the oscillation and
phase.
MAIN [4.B "Making System Set-
tings"(page 49)

MEASURE Set the connection, voltage and cur- | [4.B.1 "Main Settings"(page
rent ranges, PT and CT ratios, and 49)
clamp sensors.

RECORDING | Make time settings, such as the | [6.P "Time Plot Settings"(page
measurement start and end times, 81)
and intervals.

HARDWARE | Make hardware settings, such as the | [4.B.3 "Hardware Set-
display language, beep, screen tings"(page 59)
color, clock, as well as make RS-
232C and LAN settings.

EVENT 7B "Event Settings"(page

121)

VOLTAGE Set the threshold for events, such as | [7.B.1 "Voltage/Power Event
transient, swell, dip, and interruption. Settings"(page 122)

POWER Set the threshold for events, such as | [_7.B.1 "Voltage/Power Event
voltage, current, distortion factor for Settings"(page 122)
power and unbalance factor.

HARMON- Set the threshold for harmonics | [7.B.2 "Harmonics Event Set-

ICS events. ting"(page 126)

LOAD/SAVE [_Chapter 9 "Loading and Sav-

ing Settings and Measured
Data"(page 141)

MEMORY You can read and save internal | [9l "Using the Internal Mem-
memory settings and measured data. ory"(page 142)

PC-CARD You can read and save PC card set- | [_9P "Using a PC Card"(page
tings and measured data. 143)
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VIEW Screen

WAVE [5.P "waveform Display"(page
67)

VOLT/CURR | Displays voltage and current wave-
forms.

You can display entire waveforms or
enlarged parts of waveforms.

VOLTAGE Displays 4 channels of voltage wave-
forms.

CURRENT Displays 4 channels of current wave-

forms.
VECTOR Displays voltage and current vector | [“5B "Vector Display"(page 70)
diagrams. Displays the numerical
value for RMS and the unbalance
factor.
DMM [ 5.k "DMM Display"(page 73)
POWER Displays voltage, current, active

power, reactive power, apparent
power, and power factor values.

VOLTAGE Displays voltage, voltage unbalance
factor, and total voltage distortion
values.

CURRENT Displays current, current waveform

peak value, current unbalance factor,
and the total current distortion val-

ues.
HARMONICS [ 5.6 "Harmonics Dis-
play”(page 74)

GRAPH Displays the voltage, current, and

active power bar graphs simulta-

neously.
LIST Displays the harmonics list selected

from voltage, current, or active

power.
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TIME PLOT Screen

RMS

1 ELEMENT You can select one measurement
item and display RMS time series
graphs for each measurement inter-
val of 200 ms.

2 ELEMENT You can select two measurement
items and display RMS time series
graphs for each measurement inter-
val of 200 ms.

VOLTAGE

INTERVAL Displays a time series graph for the
voltage measured in one waveform
shifted over half a wave for each
measurement interval.

EVENT Displays a half cycle-shifted, 10-sec-
ond time series graph for a voltage
event in a single waveform.

HARMONICS

HARM You can select 6 orders and display
it in a harmonics time series graph.

INTERHARM You can select 6 orders and display
the inter-harmonics.

FLICKER

GRAPH Displays a time series graph for IEC
flicker or AV10 flicker.

LIST Displays a list of IEC flicker or AV10

flicker statistics.

[6.B "Changes in RMS
Value"(page 89)

[ 6.k "Changes in Volt-
age"(page 93)

[6.b "Changes in Harmon-
ics"(page 100)

[ 6.b "Flicker"(page 104)
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EVENT

LIST Displays the contents of events in the
event list.

MONITOR Displays an LED on the monitor dis-
play when an event occurs.

EN50160

Overview Displays judgment results for all
measurement items, in accordance
with the EN50160.

EN50160

Harmonics Displays detailed judgment results
for harmonics, in accordance with
the EN50160.

Signaling Displays detailed judgment results
for signaling voltage, in accordance
with the EN50160.

Events Displays detailed judgment results
for events, in accordance with the
EN50160.

EN50160

Settingl Sets the wiring, voltage range, PT
ratio, nominal voltage, and thresh-
olds of transient, swell, dip, and inter-
ruption, in accordance with the
EN50160.

Setting?2 Sets the thresholds of frequency,
voltage fluctuation, flicker, unbalance
factor, THD, signaling voltage, in
accordance with the EN50160.

Setting3 Sets the thresholds of harmonic

waveform, in accordance with the
EN50160.

EVENT Screen

7.k "Event List Dis-
play"(page 127)

"Event Monitor Dis-
play"(page 134)

[Sée the Instruction Man-
ual for the EN50160

[_Sée the Instruction Man-
ual for the EN50160

[_Sée the Instruction
Manual for the
EN50160




2.2 Screen Names and Configurations

2.2.3 Screen Details

WIRING SYSTEM Screen
I Press '@

to switch the display screen.

4.2.1 "Confirming the Connection Diagram" (page 45)

Connection diagram corresponding to
the connection method

Displays (the connection methods for the
voltage cord and clamp and) the voltage
value, current value, and active power
value for each channel.

[ When the display value is
wrong(page 46)

Displays the vector diagrams of voltage
and current so that you can check the
vectors.

This allows you to determine the RMS
levels and phase differences between
channels.

[_Setting tolerance levels(page 47)
[ Tdlerance levels are wrong(page
48)

2801/87/22
» O 18:48:58
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2.2 Screen Names and Configurations

MAIN SYSTEM Screen

I Press ) to switch the display screen.

4.3.1 "Main Settings"(page 49)

; ATl You can make basic measurement set-
CH1.,2,3 6 . .
apan [150¢] 5eal| AC |15mv)| 5aa F tings for the following.

e Connection method

» Voltage and current ranges
e PT and CT ratios

» Clamp sensor

* Nominal voltage

* Measured frequency

¢ PLL source

e Calculation method

* Flicker

» EN50160
and so on

6.2 "Time Plot Settings"(page 81)

You can make recording settings for the
following.

* TIME PLOT (time series) data selec-
tion

« Measurement interval

¢ Auto-save to the PC card

* Real-time control

« Measurement start and end times

* Repeated recording

and so on

%] 98 5Dl 8 |k| 6 m
57| 9 |8 11 D) 25 [h] 59 lim]

4.3.3 "Hardware Settings" (page 59)

You can set the following hardware in-
formation.

« Display language
* Beep
» Screen color
e Clock settings
* RS-232C
« Automatic hard copy
* LAN
and so on

20085/09/02
11:81:=81
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EVENT SYSTEM Screen

Select the event triggers and set the
thresholds.

You can set the following as events.
» Transient

* Swell

* Dip

 Interruption

* Frequency

Voltage waveform comparison

Select the event triggers and set the
thresholds.

You can set the following as events.
» Voltage and current RMS values
* Voltage and current waveform peak

values
| © Active power
s 5 6. 75 * Reactive power
£ | = + Apparent power
U THD 5 ] » Power factor
EI - Wl » K factor
L urb . * Voltage and current distortion factors

2801/87/22

el - Voltage and current unbalance fac-
tors

Select the event triggers and set the
thresholds.

You can set the following as events.

e Voltage, current, and power har-
monics

» Harmonics phase difference angle
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2.2 Screen Names and Configurations

LOAD/SAVE SYSTEM Screen

9.1 "Using the Internal Memory" (page 142)

Displays the settings file list stored in
this device’s internal memory.

You can load and save settings using
this device’s internal memory.

9.2 "Using a PC Card" (page 143)

Displays the list of files stored on the
PC card.

You can load the measured data files
and settings files stored on the PC
card to the 3196, and then save them
to the PC card again.

2802/03/14
LOAD DELETE 16215:35
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2.2 Screen Names and Configurations

VIEW Screen

5.2 "Waveform Display" (page 67)

Displays voltage and current wave-
forms for channels, depending on how
they are connected.

Displays 10 waveforms at 50 Hz, 12
waveforms at 60 Hz, and 80 wave-
forms at 400 Hz.

f:50.001H=z

By scrolling when an event is selected,
you can display 14 waveforms at 50
Hz, 16 waveforms at 60 Hz, and 112
waveforms at 400 Hz.

5.2 "Waveform Display"(page 67)

Displays voltage waveforms for chan-
nels, depending on how they are con-
nected.

When three-phase 4-wire is selected,
you can display voltage waveforms for
4 channels to identify the degree of

phase rotation of each channel.

5.2 "Waveform Display" (page 67)

Displays current waveforms for chan-
nels, depending on how they are con-
nected.

When three-phase 4-wire is selected,
you can display current waveforms for
4 channels to identify the degree of
phase rotation of each channel.
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2.2 Screen Names and Configurations

VIEW VECTOR

= 2001/687/22
ORDER 14:09:38

VIEW Screen

Displays voltage and current vectors
for channels, depending on how they
are connected.

You can display each order (1st to 50th
order) for harmonic analysis as a vec-
tors and simultaneously display the
harmonic (RMS value or phase angle)
and unbalance factors as numerical
values.

For phase angle display, you can se-
lect £180° display or 360° lag display.
Up to 10th order harmonics can be dis-
played when measuring 400 Hz.

Example screen: Displays vectors for
4, 3P4W (three-phase four-wire) chan-
nels.
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VIEW Screen

5.4 "DMM Display" (page 73)

You can display the following items on
the DMM display.

« Voltage (U)

e Current (I)

» Active power (P)

* Reactive power (Q)

6.4898kW T dosakva * Apparent power (S)

E.4993kW 7 .4945kNVA i

2. 4993kM Z-4335kvA » Power factor (PF) or displacement
19. 486kW 23. 489kVA L power factor (DPF)

3.7503kvar . / Displays numerical values for chan-
3.7317kvar o L .

5.7460kvar . ; nels, depending on how they are con-
11.228kvar nected.

Example: Displays 4, 3P4W (three-
phase four-wire) channels on the DMM

display.

5.4 "DMM Display"” (page 73)

You can display the following items on
the DMM display.

* Voltage

 Total voltage distortion

* Voltage waveform peak

* Average voltage value

» Voltage unbalance factor

Displays numerical values for channels
on the DMM display, depending on
how they are connected.

Example: Displays 4, 3P4W (three-
phase four-wire) channels on the DMM
display.

5.4 "DMM Display"” (page 73)

You can display the following items on
the DMM display.

* Current

» Total current distortion

» Current waveform peak

» Average current value

» Current unbalance factor

Displays numerical values for channels
on the DMM display, depending on
how they are connected.

Example: Displays 4, 3P4W (three-
phase four-wire) channels on the DMM
display.

Ipk+1
Ipk+2
Ipk+3
Ipk+d

Tave 49.971 A
Tunb 0.06

NEXX| P2

2001/01/22
» ] 14:09:46
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view || HARMONICS VIEW Screen

5.5.1 "Harmonics Bar Graph"(page 74)

Displays a bar graph for the harmonics
and inter-harmonics.

Displays three bar graphs for the volt-
age, current, and active power simulta-
neously.

Up to 10th order harmonics can be dis-
played when measuring 400 Hz.

Displays a list of the harmonics and in-
ter-harmonics.

[ Fj
f:59.958H=z

THD o7 Displays the list and distortion of the
selected display items simultaneously.
Up to 10th order harmonics can be dis-

played when measuring 400 Hz.

COCOOCOO0DOCOOCO0
0O0C0—=0—=-0—=-0—=-000C00 O
NOON—~NOO0ON—~{DOoWo W N
OOCOOCOOOOOCOOCOO —
COCOOCOO0OOCOOCO—~
OOCNONONOWOWOMm—N| U

0.
0.
1.
0.
0.
0.
0.
.
0.
0.
C.
0.
0.
0.
0.
C.

ONO—~O—-OJOWOINOC
OO —~~JOMON—~m—h—~OC

2801/87/22
14:89:51



28 I
2.2 Screen Names and Configurations

RMS TIME PLOT Screen

6.3 "Changes in RMS Value"(page 89)

You can display the fluctuation graph
of a single RMS value selected from
the following.

Frequency

Voltage

Voltage waveform peak

Current

Current waveform peak

Active power

Apparent power

Reactive power

Power factor

K factor

Voltage unbalance factor

Current unbalance factor
Harmonic voltage distortion factor
Harmonic current distortion factor

RS

1 ELEMENT
Z M

2002/03/19
SCROLL EVENT JUMP " 16:41:88

RMS values are calculated ! in the
3196 at 200 ms intervals without gaps.
The maximum, average, and mini-
mum values are detected using the
multiple 200 ms interval RMS values
included in the set interval, and the
display changes.

2 ELEMENT 6.3 "Changes in RMS Value" (page 89)

You can display a fluctuation graph for
two RMS values selected from the fol-
lowing.

* Frequency

Voltage

Voltage waveform peak

Current

Current waveform peak

Active power

Apparent power

Reactive power

Power factor

K factor

Voltage unbalance factor

Current unbalance factor

Harmonic voltage distortion factor
Harmonic current distortion factor

RMS
1 ELEMENT
2 ELEMENT

2802/83/19

EVENT JUMP 16=40: 16

*1 .
*1: Calculated without gaps.Continuous RMS value RMS values are calculated ~in the
calculations at 3196 at 200 ms intervals without any
200 ms intervals (50 Hz: 10 waveforms, 60 Hz: 12~ 9@Ps-

waveforms, 400 Hz: 80 waveforms). The maximum, average, and minimum
values are detected from the multiple

200 ms interval RMS values included in
the set interval, and the display chang-
es.
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TIME PLOT Screen

6.4 "Changes in Voltage" (page 93)

B Displays a voltage fluctuation graph
M |;sed to calculate the swell, dip, and in-
terruption.

Voltage is calculated for one waveform
201 shifted over half a wave.

The maximum and minimum values
are detected from the multiple voltage
values included in the set interval, and
the display changes.

You can also display S(t) (when IEC
flicker is selected) or AU (when DV10
e (ICKET i selected), either of which indi-
SCROLL SEUSEETEIETE cates the voltage deviation with re-
spect to nominal voltage.

6.4.2 "Graphing Voltage Fluctuations for Events" (page 96)

Displays the voltage fluctuation graph
for a voltage swell, dip, or interruption
event.

The result of calculation for a single
half cycle-shifted waveform is dis-
played without alteration as a voltage
fluctuation graph.

Pre-trigger is fixed to 0.5 second and
recording length to 10 seconds.
Although only one fluctuation graph is
stored in internal memory, you can
read multiple fluctuation graphs by
using a PC card.
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HARMONICS TIME PLOT Screen

6.5 "Changes in Harmonics" (page 100)

You can display a fluctuation graph for
a single harmonic selected from the
following.

» Harmonic voltage (RMS value, con-

i ELEMET tent percentage, and phase angle)

e Harmonic current (RMS value, con-
tent percentage, and phase angle)

e Harmonic power (RMS value and
phase difference)

You can select 6 orders to be dis-

played simultaneously from orders 1 to
; : . : ‘ 50 for the basic wave.
1orpd 1305 13d6 1367 Lseas 1ned 130 Recorded data is not displayed unless
ey LIS ShOWN in P&Harm or ALL DATA in
SRR [SYSTEM]-DF2[RECORDING].
Up to 10th order harmonics can be dis-
played when measuring 400 Hz.

INTERHARM 6.5 "Changes in Harmonics"(page 100)

You can display a fluctuation graph for
a single inter-harmonic selected from

the following.
* Inter-harmonic voltage
"1 BLEMENT (RMS value and content percent-
7 ELEMENT age)

* Inter-harmonic current
(RMS value and content percent-
age)
This cannot be displayed when mea-
suring 400 Hz.
_ i e You can select 6 orders to be dis-
I L [ L L B played simultaneously from 0.5th to
49.5th order.

2882/03/19

Nt Recorded data is not displayed unless
it is shown in P&Harm or ALL DATA in

[SYSTEM]-DF2[RECORDING].
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Flicker analysis is not available when measuring 400 Hz.

FLICKER TIME PLOT Screen

) GRAPH 6.6 "Flicker" (page 104)

Displays a graph for IEC flicker or AV10 flicker
IEC Flicker

B T R Y E e

Displays a fluctuation graph for IEC
flicker (Pst, PIt).

The graph is updated every 10-minute,

(a8 regardless of the interval that is set for
[SYSTEM] - DF2 [MAIN] - [RE-

CORDING].

This is only displayed if Pst, Plt is se-

lected for flicker in [SYSTEM] - DF2

[MAIN] - [MEASURE].

BM

037087783710
21:26  B3:26

CURSOR

Displays a fluctuation graph for AV10
flicker.

AUTO JIE

The graph is updated once a minute, re-

% L. gardless of the interval that is set for
[SYSTEM] - DF2 [MAIN] - [RE-

CORDING].

This is only displayed if A V10 is select-

ed for flicker in [SYSTEM] - DF2

[MAIN] - [MEASURE].

0.8 H H ] i
3 378 83/81 83/01
28:17  22:17 88:17 06:17 88:17

i TC — 2882/83/19
CURSCR SCROLL 15:33: 27
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Flicker analysis is not available when measuring 400 Hz.

FLICKER TIME PLOT Screen
1
LIST 6.6 "Flicker"(page 104)

Displays a list for IEC flicker or AV10 flicker

IEC Flicker

Displays the IEC flicker (Pst, PIt) val-
uesin a list.

» Pst (short interval voltage flicker)

» PIt (long interval voltage flicker)

1 ELEMENT
& | The listis updated every 10-minute.
This is only displayed if PIt, Pst is se-
lected for flicker in [SYSTEM] - DF2
[MAIN] - [MEASURE].

0.
Q.
0.
0.
Q.
0.
0.
Q.
0.
0.

Displays the AV10 statistics below in a

list.

e The maximum value over one hour
for AV10 Flicker

%Ekgmgm * The fourth maximum value over one

hour for AV10 Flicker

» The average value over one hour for
AV10 Flicker

* Overall maximum value for AV10
Flicker

Fe IC JUSRIUCYI Y

> |~

The statistics are updated once an
hour.

e Sl
This is only displayed if A V10 is select-

ed for flicker in [SYSTEM] - DF2
[MAIN] - [MEASURE].
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EVENT EVENT Screen

7.4 "Event List Display"(page 127)

¢ T Displays events in a form list. You can
L : confirm the time and type of event that
occurred.

By selecting an event with the cursor,
:E} m o you can make a detailed analysis of
CHL IN the event in the VIEW Screen.

CHL IN
CHL oUT

CH You can select the time sequence and
priority sequence for the list display
method.

o101 1 o1 a1 a1 o1 (o gt ol =

b = s b o s o s o [

2801/11/89
15:43:29

You can monitor if any events occurred
and how many of each type of event.

Other
Ext
L1

U harm I harm U THD I THD

o o] O mmw|

20081/01/22
» ] 13:88:35

EN50160 display is not available when measuring 400 Hz.

EN50160 EVENT Screen
[ ]

Displays judgment results for all mea-
surement items, in accordance with the
EN50160.

nbalance

188.0%

CHL _1e8.8% 1  188.8% ENGH
CH7 188.8% ? 188.8% CH? 168.82 Ha:
CH3 1e8.8% C C

+1 -15. ic E g
CHL 1e8.8% 1 1088.8% CH1 1ee.8z

CH7 1e8.8% CH? 188.8% CHz 1e8_8z2

CH3 108.8% CH3 188.8% CH3 188.82

2003/02/03
» ] 05:48:15
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EN50160 display is not available when measuring 400 Hz.

EN50160 EVENT Screen

Displays detailed judgment results for
harmonics, in accordance with the
EN50160.

2803/82/83
B85:48:18

Displays detailed judgment results for
signaling voltage, in accordance with
the EN50160.

A1 116Hz
CHl 1@6.0%
CHZ ' 188.0%
CH3 188.8%

2803/82/83
B5:48:15

Lﬁh Displays detailed judgment results for
@ events, in accordance with the
EN50160.

20083/02/83
B85:d48:15
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EN50160 display is not available when measuring 400 Hz.

EN50160 EVENT Screen

Settingl

Sets the wiring, voltage range, PT ra-
tio, nominal voltage, and thresholds of
transient, swell, dip, and interruption, in
accordance with the EN50160.

Sets the thresholds of frequency, volt-
age fluctuation, flicker, unbalance fac-
tor, THD, signaling voltage, in
accordance with the EN50160.

ENGB16

e | Sets the thresholds of harmonic wave-

e form, in accordance with the EN50160.
[% of Un
OFF \hdl| OFF —
7
OFF_ |h48| OFF
OFF  |hd4| OFF
OFF k45| OFF

N

w

S EERER

2802/12/25
11:47:59
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Connections

For details about connection precautions, Refer to the Quick Start Manual.

1. Connecting to the 3196 POWER QUALITY ANALYZER

) 1 | Attach the Strap.
*If unnecessary, go to step 2.
7 2 Install the battery pack.
3 | Connect the AC adapter and power
cord.
4 Connect the Wiring Adapter (optional).
— When not connecting the Wiring Adapter, go
to step D.
5 | connect the voltage cord.
(Use the input cord label.)
6 | Connect the clamp sensor.
(Use the input cord label.)
Ealr
! Turn on the 3196.

Before connecting to the
power line that you want to
measure, make sure that you
perform steps 1 to 7.

Connect to the power line that you
want to measure. (to the next page)
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2. Connecting to the target power line.

WIRING 1 | Setthe connection method, nominal
voltage, and frequency.
Advanced
settings MEASURE [4.2T'Checking the Connection"(page 45)

2 | while consulting the connection
diagram, connect the voltage cord
and clamp sensor to the power line
that you want to measure.

5.775kW | 5.771kW 5. 773kW 3 | Confirm the present connection sta-

tus.

(voltage, current, and active power on each
channel)

[4.21 "Confirming the Connection
Diagram"(page 45)

VECTOR 4 | Check the connection status and
set the tolerance levels.
(Check the oscillation and phase for the volt-
age and current in the vector.)

[4.2P "Checking the Connection"(page 47)

(Resull )— NG

OK Goto 2

[Chhpter 4 "Making System Set- ; ; ;
tings (SYSTEM Screen)"(page 43) 5 Deiendlng d_on ygur afp“t(:_atlon’
[Chhpter 5 "Using Waveforms, make recording and event settings.
Vectors, DMMs, and Bar Graphs
(VIEW Screen)"(page 65)

[Chhpter 6 "Using the Time Series i
Graph (TIME PLOT Screen)"(page Measurement/analysis
79)

[Chhpter 7 "Using Events (EVENT
Screen)"(page 115)
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3.1 Connection Diagram

A: Line, N: Neutral, G: Ground

Source side Load side
Red Y 4 e
wnlA
8 Black Gray | o
a[m 5
m
’ lack -
LG i

®® 0000 (d 0 0 d®G

U- U+ U-U+ U-U+ U- U+
U INPUT I INPUT

[=»] Face the arrow toward the Load | Ground line
measurement, etc.

Uul=100V
[1=15 A
u4=10vVv
[4=1.5 A
A: Line, N: Neutral, G: Grqund
Source side Load side
=1 Red ’ e
ol Gray
Black | Black
o] i o 0
P Yellow P
0 O
mps
- Black [
= G 1

©®O OO oG & 0 OO

U- U+ U-U+ U-U+ U- U+
U INPUT | INPUT]

Neutral line
[=»] Face the arrow toward the Load measurement, etc.

Ul=U2=100 V
11=12=15 A
u4=10Vv
14=1.5 A
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Three-phase 3-wire (3P3W2M)

A,B,C:Qnes
Source sgdg Load side
— e p—
N ’
w | Black | Black
OF - Iy
c|B @)
py) Yellow >
OF W)
mfC
CHI CH2 T —
200.14 ¥ 200.01 W
3: 855ch | “5: 85l ©O©000(d & 0 0]00
U- U+ U- U+ U- U+ U- U+
G B G ChECEECHED D
U INPUT I INPUT
[==»] Face the arrow toward the Load
Ul=U2=200 V
11=12=50 A
C
] A, B, C: Lines
Source side Load side
e Red Black Y 4 —
w | Black Yellow
2B o
) Black Blue y >
OF W)
mfC

CH2 CHS3
200.02 M| 200.01 M
43.9756 A | 49.682 A OO O®O®O®d & & OJOO
5.771kW | 5.773kW U- U+ U-U+ U- U+ U- U+
G EE ) CICEEBED ED
U INPUT I INPUT

[==] Face the arrow toward the Load

Ul=U2=U3=200 V
11=12=13=50 A

C

Uf/ U3



Three-phase 4-wire (3P4W)
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3.1 Connection Diagram

A, B, C: Lines, N: Neutral, G: Ground

Source gdg Load side
p— e p—
'|A ® ’
Yellow
sh——1 .
c Blue )
2| - :
M| Black| Black | Black Gray
FW. - - 9
Black]
T h—
LG T L
U- U+ U- U+ U- U+ U- U+
U INPUT I INPUT
[] iaci thz arrow toward rﬁ‘]‘;‘;‘;ﬁ'“'a'r?%m ote.
the Loa
Ul=U2=U3=1155V
11=12=I13=50 A
U4=0Vv
14=0 A

A: Line, N: Neutral

Source side Load side
y . Gray
8 A Black 5
Used for sepa- SN — p
rate system Q ©

U- U+ U-U+ U-U+
U INPUT

OO0 OO OO O 0 OO

I INPUT

U- U+

[=»] Face the arrow toward the Load

A: Line, N: Neutral

Source side Load side
Gray
o
Qo Black 5
Used for sepa- S $
O IN 5
rate system Q

U- U+ U-U+ U-U+

@O OO0 OO0 0 0 OGO

@

U- U+

U INPUT I INPUT
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3.1 Connection Diagram
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Making System Settings
(SYSTEM Screen)

. Confirm the connection diagram.
[_Cbnfirming the Connection Diagram (page 45)

. Check the connection vectors.
[_Checking the Connection (page 47)

. Make system settings.
[ Mbking System Settings (page 49)

Make other settings in the SYSTEM screen.
[_EVent Settings Screen (page 63)
Using Events (EVENT Screen) (page 115)
[Ldad/Save Screen (page 64)
Loading and Saving Settings and Measured Data (page 141)

4.1 Using the SYSTEM Screen

Switching screen display
You can make settings for this device's system on the SYSTEM

screen.
SYSTEM screen selector
7~ WIRING Display screen selector
. [_4DP "Checking the Connection" (page 45)
= MAIN
—# [_4B "Making System Settings" (page 49)
£ EVENT

[71.1 "Voltage/Power Event Settings" (page 122)
[ 7.2 "Harmonics Event Setting" (page 126)
LOAD/SAVE

[ 9P.4 "Saving and Loading Files" (page 147)

About the screen configuration

[2P.2 "Screen Configurations"(page 16)

[2P.3 "Screen Details"(page 20 to 23)

The SYSTEM screen is made up of a number of screens that corre-
spond to the DF1 to DF4 (DF: display function) keys.

If you press a DF key, the screen corresponding to that key appears.
Each time you press the same DF key, the display changes.
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Screen operations depending on the internal operation status
Screen operations are limited according to the internal operation status.

®: Possible on all screens
*; Possible in some screens only

Internal operation status Display Settings
[SETTING] [ °
[RECORDING] ° *
[ANALYZING] o *

©

[SETTING] ——®- [RECORD- -®- [ANALYZ-

What is the relationship | OOEE J
between the operation status
and key operations? <= RESET

@ ®—> [RECORDING]

Return to the setting Start recording
The @ key does not  mode from analysis

start recording during |
[ANALYZING] operation! /O TION!

Pressing erases all data stored in internal memory.

@ During[RECORDING]
operation:

Changing settings while
[RECORDING] or
[ANALYZING] is displayed?

: "":; DATA)) ey [SETTING]

During [ANALYZING]
operation: reser) == [SETTING]

In either case, data stored in internal memory is erased.
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4.2 Checking the Connection

4.2.1 Confirming the Connection Diagram

SYSTEM

Example: 3P4W (three-phase four-wire)

WIRING

WIRING

EVENT
YOLTAGE

115.61 ¥| 115.38 ¥

[_Sétting the connection method (page 45)
[_Sétting the nominal voltage (page 46)

[ Sétting the measured frequency (page
46)

Setting the connection method

WIRING

O__
©

I 1P2W To measure single-phase two-wire power lines
Select from pull- 1P3W To measure single-phase three-wire power lines
@ down menu 3P3W2M  To measure single-phase three-wire power lines
@ (using t.he 2 power metgr method) .
v (Use this when measuring three-phase power with 2-
Confirm spot current measurement only.)

3P3W3M To measure three-phase three-wire power lines
Cancel (using the 3 power meter method)

3P4W To measure three-phase four-wire power lines

m
2]
(2]




46 I
4.2 Checking the Connection

O
O

ENTER|

ENTER|

HRCCRH

WIRING

(Nominal voltage)

Select from pull-
down menu

Confirm

Cancel

Setting the nominal voltage

100V, 101V, 110V, 120V, 200V, 202V, 208 V, 220 V, 230V,
240V, 277V, 346 V, 380V, 400V, 415V, 480 V, 600 V,
VARIABLE

Nominal voltage affects channels 1 to 3.

@

O
©

. 4-@@-@—

m
w
(2]

WIRING

(Measured frequency)

Select from pull-
down menu

Confirm

Cancel

Setting the measured frequency

50 Hz, 60 Hz, 400 Hz

Inter-harmonics, flicker and EN50160 cannot be mea-
sured at 400 Hz.

Whe

n the display value

is wrong

1. When the voltage or current display value is lower than

expected

The voltage value is low:

Is the voltage clip connected to the power line being tested?

Is the voltage cord inserted in the voltage connector?

The current value is low:

Is the clamp-on sensor inserted in the device’s current connector?

. When the active power display value is negative

Is the voltage cord of the channel displaying the negative value con-
nected properly?

Is the arrow (printed on the clamp) on the clamp-on sensor for the
channel displaying the negative value pointing to the loaded side?

. When the voltage display value differs from the expected

value of three-phase connections
Are the phase-to-neutral voltage and line-to-line voltage (voltage cal-
culation methods) selections different?

[ "Voltage calculation method settings" (page 54)
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4.2.2 Checking the Connection

Example: 3P4W (three-phase four-wire)

SYSTEM | VIEW _TING PLOT EVENT

| INT M

WIRING
VECTOR
EVENT
WOLTAGE

nt. : = . . 5
»o [ [
You can check the voltage and current vectors of each connection
method.
When tolerance levels are set and the voltage or current falls outside
these levels, check and correct the connection.

NOTE When the input level is 50% or less of range, a marker is appended

to the perimeter of the current vector to make it recognizable.

Setting tolerance levels

VECTOR

00

APhase Tolerance level of each phase in the phase
U/l Angle (Phase range) range
+1to 30°
EnteR)  Select from pull- .
] down menup AlLevel Tolerance level of each phase in the RMS
® (Oscillation ~ value range
® range) +1 to 30%
* Set the voltage relative to the nominal voltage,
Confirm and the current relative to the range.
U/l Angle Tolerance level of current phase differences in
ESC Cancel (Ul phase differ- relation to voltage

ences) -60° to 60°
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© .

Tolerance levels are
wrong 2.

When the RMS voltage value is wrong
Is the voltage clip properly connected to the power line being tested?
Is the voltage cord inserted correctly in the voltage connector?

When the voltage phase angle is wrong

Is the voltage cord connected properly?

Are the colors on the voltage input terminal and the voltage cord the
same?

. When the RMS current value is wrong

Is the clamp-on sensor properly inserted in the device’s current connec-
tor?

. When the current phase angle is wrong

Is the arrow on the clamp sensor pointing towards the load?
Are the current input terminal and clamp sensor connected properly?
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4.3 Making System Settings

4.3.1 Main Settings

SYSTEM

6 WIRING
MAIN L £ ki VECTOR

MEASURE

= line t Lra will . ARD

2881/87/22
» ] 11:38:53

Connection method settings (CH 4) (page 50)
[ Clamp sensor settings (page 51)
[ Vbltage and current range settings (page 51)
[ PT and CT ratio settings (page 52)
[ Nbminal voltage settings (page 52)
[ Measured frequency settings (page 53)
[ PLL source settings (page 53)
[ Vbltage calculation method settings (page 54)
[ Hhrmonic calculation method settings (page 54)
[ THD calculation method settings (page 55)
[ Pbwer factor calculation method settings (page 55)
[_FElicker calculation settings (page 56)
[ Vbltage recording method settings (page 56)
[_IHC flicker filter settings (page 57)
[ AV10 flicker measurement channel settings (page
57)
[ EN50160 settings (page 58)

@ [ Cbnnection method settings (CH 1, 2, 3) (page 50)
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1

MEASURE

-

®
©

©)

|
Select from pull-
@ down menu
v
Confirm
ESC] Cancel

Connection method settings (CH 1, 2, 3)

1P2W To measure single-phase two-wire power lines
1P3W To measure single-phase three-wire power lines

3P3W2M To measure single-phase three-wire power lines (using
the 2 power meter method)
(Use this when measuring three-phase power with 2-
spot current measurement only.)

3P3W3M To measure three-phase three-wire power lines (using
the 3 power meter method)

3P4W To measure three-phase four-wire power lines

1

MEASURE

o-®

®
@®

|
Select from pull-
@ down menu
v
Confirm
ESC Cancel

Connection method settings (CH 4)

OFF Set when you are not using channel 4.

AC Set when measuring the voltage of neutral lines or other
systems.

DC Set when measuring DC power lines.

When set to DC, the voltage of a DC power line can be mea-
sured.

Regardless of the setting, current can be measured only in AC
power lines.

Even when you set DC, the 0 order harmonic cannot be dis-
played.
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Clamp sensor settings

{

MEASURE

o-®

Q0
|

Select from pull-
@ down menu

®

v

Confirm

ESC Cancel

Set the output rate (the output voltage to input current ratio) of the
clamp sensor you are using.

Settings of the optional clamp on sensor:

0.1ImV/A,ImV/A

9661 Use the 9661 CLAMP ON SENSOR

9660 Use the 9660, 9695-03 CLAMP ON SENSOR

10 mV/A 9694 Use the 9694, 9695-02 CLAMP ON SENSOR

100 mV/A Use the 9657-10, 9675 CLAMP ON LEAK SEN-
SOR

5000A 9667 Use the 9667 FLEXIBLE CLAMP ON SENSOR
(5000 A range)

500A 9667 Use the 9667 FLEXIBLE CLAMP ON SENSOR
(500 A range)

1000A 9669 Use the 9669 CLAMP ON SENSOR

Voltage and current range settings

1

@ MEASURE
1
o
?
Select from pull-
@ down menu
®

v
Confirm

ESC Cancel

NOTE

=g

Channel

(Voltage range)

123ch 150V, 300V, 600 V
4 ch (AC) 60V, 150V, 300V, 600 V
4 ch (DC) 60V, 600 V
Clamp settings (Current range)
0.1mV/A 500A, 5000A
1mV/A 9661 50A, 500A

9660 50A, 100A
10mV/A 9694 5A, 50A
100mV/A 0.5A, 5A
5000A 9667 500A, 5000A
500A 9667 50A, 500A
1000A 9669 100A, 1000A

The range that can be selected depends on the clamp you
choose.

The ranges of channels 1 to 3 (CH 1, 2, 3) are the same. You cannot
set ranges separately for each channel.

Set the voltage range higher than the set nominal voltage. The accu-
racy of this device is guaranteed for values measured within 1% to
110% of the set range.

The 9694 is designed for 5 A. It can be used in the 50-A range, but the
accuracy specification only applies to the 5-A range.
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PT and CT ratio settings

@-@-ﬁ

®
©

-Q

ENTER

ENTER

'4@@-'

m
w
(2]

MEASURE

PT Ratio
CT Ratio

Select from pull-
down menu

Confirm

Cancel

NOTE

2000, 2500, 5000

CT Ratio VARIABLE, 1, 40, 60, 80, 120, 160, 200, 240, 300,
400, 600, 800, 1200

You can set the optional PT(VT) and CT ratios within the 0.01 to

9999.99 range.

When setting Optional:
@@ Moving between values
@; Moves up through @: Moves down through
the values the values
@ Setting value
@ @: Increases the value @: Lowers the value

When measuring on the secondary side of high-voltage and spe-
cial high-voltage power lines, you can use this to convert the volt-
age and current values of the primary side.

Nominal voltage settings

o

®
@®®

E«@@-ﬁ—

m
w
(2]

MEASURE

(Nominal voltage)

Select from pull-
down menu

Confirm

Cancel

NOTE

100V, 101V, 110V, 120 V, 200 V, 202 V, 208 V, 220 V, 230V,
240V, 277V, 346 'V, 380 V, 400 V, 415 V, 480 V, 600V,
VARIABLE

Nominal voltage is effective for channels 1 to 3.
You can set the optional nominal voltage within the 50 to 600
range.
When setting Optional:
@@ Moving between values
: Moves up through @: Moves down through
the values the values

@ Setting value
@ @: Increases the value @: Lowers the value

Nominal voltage settings use dip, swell, and interruption threshold
settings as references and reference voltage for A U.
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Measured frequency settings

{

MEASURE

oY Freavenes |

o-®

®

©)

Select from pull- 50 Hz, 60 Hz, 400 Hz

|
1 down menu
@ Inter-harmonics, flicker and EN50160 cannot be measured at 400
@ Hz.
Confirm
ESC Cancel
» Set the frequency used for internal processing.
NOTE » Be sure to note that the calculation result, particularly for harmonics,
—— will be incorrect, if the setting deviates from the nominal frequency of

the measuring line.

« If setto 50 Hz, 10 waveforms are used to calculate harmonics, if set to
60 Hz, 12 waveforms are used to calculate harmonics, and , if set to
400 Hz, 80 waveforms are used to calculate harmonics.

» If the PLL unlocks due to power failure or another reason, sampling
synchronous at the set frequency is internally generated for calcula-
tion.

PLL source settings

@ MEASURE
|
e

|
Select from pull- Ul, Uz, u3
down menu
The PLL source is the source used to measure frequencies.
The frequency measurement range is 42.500 Hz to 69.000 Hz.
Confirm

When the 400 Hz measurement frequency is selected, the fre-
guency measurement range is 360 to 440 Hz.

Cancel
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Voltage calculation method settings

{

MEASURE

U CalcType

o-®

®
@®

[

| PHASE-N (phase-to-neutra voltage)
dsg\ﬁr?tn‘;rgrm pull- | INE-LINE (line-to-line voltage)
® It is possible to switch to phase-to-neutral voltage or line-to-
® line voltage only when the connection method is 3P3W3M
v (three-phase three-wire three power meter method) or 3P4W
Confirm (three-phase four-wire).
* With 3P3W3M:
ESC Cancel Normally, line-to-line voltage (LINE-LINE) is measured, but this

can be converted to phase-to-neutral voltage (PHASE-N) with
internal processing on the 3196. The line-to-line voltage is pro-
cessed so that the center of the triangle that created the three-
phase line-to-line voltage becomes the neutral point.
* With 3P4W:

Normally, phase-to-neutral voltage (PHASE-N) is measured, but
this can be converted to line-to-line voltage (LINE-LINE) with inter-
nal processing on the 3196.

Harmonic calculation method settings

1

MEASURE

(Harmonic calcula-

o-®

®
©

®

| tion)
Select from pull- LEVEL Displays the harmonic RMS voltage or the harmon-
(»  downmenu (RMS value)  ic RMS current.
@ % of FND Displays the harmonic component of each order
v (Proportions)  around the fundamental wave (the proportion of
Confirm harmonic voltage or harmonic current).

Cancel

m
w
(2]
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THD calculation method settings

@ MEASURE
@ @ THD Calc ._ THD_F

@ (THD calculation) - - :

dsg\llsr?tn];rgrm pul- " THD_F The ratio of total harmonics to fundamental wave.

@ THD_R The ratio of total harmonics to total harmonics, funda-

® mental wave included.

v | . .
Confirm The selected THD calculation method is valid for both harmonic volt-

age and harmonic current.
ESC Cancel

What is THD?
THD (Total Harmonic Distortion) indicates the total harmonic distortion factor.

Power factor calculation method settings

@ MEASURE
]
@g@
|

Select from pull- PF Power factor
down menu

DPF Displacement power factor

Confirm

Cancel

What is a power factor?

* The PF (power factor) is the active power to apparent power ratio. Since calculations include all the fre-
quency components, the greater the harmonic current becomes, the smaller the power factor
becomes.

* The DPF (displacement power factor) is the cosine of the phase difference between the fundamental
wave voltage and the fundamental wave current. It is only calculated using fundamental wave compo-
nents and does not include harmonic wave components.
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Flicker calculation settings

1

MEASURE

enteR)  Select from pull- OFF Fllcke.r meésurement is not used.
down menu Pst,PIt IEC flicker is measured.
AV10 A V10 flicker is measured.

o-®

®
©

-

_ AV10 flicker can only be measured on one of voltage channels
Confirm U1, U2 or U3. The measurement source is the channel that is
selected for flicker measurement.

{<0o{

Cancel

m
w
(2]

Voltage recording method settings

1

MEASURE

(O] TimePlotU

Select from pull- Urms Records the voltage rms value

down menu S(t)  Records the flicker value instantly.
(Pst, Plt is selected for Flicker)
AU Records the deviation with respect to the nominal RMS voltage.
(AV10 is selected for Flicker)

o-®

®

®

ARCIHE

Confirm
The data recorded is reflected in the voltage fluctuation time plot.
Cancel

m
w
(2]
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IEC flicker filter settings

1

MEASURE

o-®

OXC)
7
100 V lamp, 120 V lamp, 230 V lam
Select from pull- P P P
1
@ down menu Select a lamp system filter defined in IEC 61000-4-15.
® This setting is available only when “Pst, PIt” is selected for
k< Flicker.
Confirm
ESC Cancel

AV10 flicker measurement channel settings

!

MEASURE

o-®

oXo
I ul, U2, U3
Select from pull-
I .
® down menu AV10 flicker can only be measured on one of channels U1, U2
® or U3.
v S . .
Confirm This setting is available only when AV10 is selected for Flicker.

Cancel

m
w
(2]
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EN50160 settings

@ MEASURE
&
ORO

?

Select from pull-
] down menu
®
O]

v
Confirm

ESC Cancel

ON Perform evaluations conforming to the EN50160.
OFF Do not perform evaluations conforming to the EN50160.

The EN50160 (Voltage characteristics of electricity supplied by
public distribution systems) is a voltage-quality evaluation
method used in Europe. It supports evaluations of 230-V 50-
Hz power systems only.

For detailed information on the EN50160, see the Instruction
Manual for EN50160.
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4.3.2 Recording Settings

SYSTEM

WIRING

WIRING
MAIN WIRING

RECORDING

[ Types of settings to record data 1 (page 82)
[ Types of settings to record data 2 (page 83)
[Séttings when the memory is full (page 83)
[_Sétting intervals (page 84)

Y [Sétting Auto-save (page 85)

1 [_Setting real-time control (page 85)
[_Sétting measurement start/stop time (page 86)
[_Seétting the repeated recording (page 87)
[_Seétting the number of repeated recording (page

88)
For details, see 6.2 "Time Plot Settings" (page 81).

4.3.3 Hardware Settings

SYSTEM

WIRING

MAIN WIRING

HARDWARE

[ Display language settings (page 60)

[ BEEP settings (page 60)

[_Streen color settings (page 61)

[ LED backlight auto-OFF settings (page 61)

[ Clock settings (page 62)

[ Resetting the system (page 62)

[_RB connection point, Timer, IP address, subnet
mask (Chapter 9, Chapter 10, Chapter 11)

i @ [ Vérsion information (page 60)
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Version information

HARDWARE

Version

Indicates the version of this device.

Display language settings

HARDWARE

Select from pull-
down menu

Confirm

Cancel

English, Japanese, Deutsch, Francais, Italiano, Espanol,
Chinese (Simplified)

BEEP settings

HARDWARE

Select from pull-
down menu

Confirm

Cancel
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Screen color settings

!

@ HARDWARE

|
RO . .

@ (Screen color) TR WA T
Select from pull- ~ COLOR 1 Default

@ down menu COLOR 2 Dark blue

® COLOR 3 Monochrome (characters are white)

v i COLOR 4 Light blue

Confirm MONO Monochrome (characters are black)

EsC) Cancel

LCD backlight auto-OFF settings

1

@ HARDWARE
o
O Ml | 7 |D 11 || o Jm|l56 is]
(LCD backlight) T
Select from pull- ON. . . Ordinarily turns on the LCD backlight.
down menu 1min,5min, 10 min, Automatically turns off the backlight after the
30 min, 1 hour set time.

How do | turn the backlight on again?

If the backlight turns off automatically, press any key on the
device to turn the backlight on again.

You can turn the backlight on again even when in KEYLOCK
status.

Confirm

E«@@-E—

Cancel

m
w
(2]

This helps to reduce the device's power consumption when using
N OTE a battery pack without the AC adapter.
e —————
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Clock settings

!

@ HARDWARE
é ——
®®® 9 M| 2 JDI 11 [ 0 Jmli56 ]
:
]
® SN&??ne”SC value @) changes columns in the following order: year (Y),
@ 9 month (M), day (D), hour (h), and minutes(m).

Confirm

EsC) Cancel

NOTE Make sure that you enter “00” in the seconds column. Press
the instant the seconds are 00.

Resetting the system

HARDWARE

O

I OF 1 min
e
T

When you think that the device is not operating properly, you can
reset the system. If you reset the system, display settings (except
language, LAN, and clock settings) return to their defaults.

= ({8

=
m

l
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4.4 Event Settings Screen

4.4.1 Measurement Settings

SYSTEM

EVENT

VOLTAGE

[ Altomatic setting of event thresholds (page 123)
@ [ Tuirning off all event thresholds (page 123)

[_Setting the event recording sequence (page 124)
[ EVent ON/OFF settings (page 124)
[_Seétting of event thresholds (page 125)
POWER [_Sétting of event thresholds (voltage waveform
comparison) (page 125)

U THD
I THD
U urk
I unb

HARMONICS

WIRING

VECTOR

[ EVent ON/OFF settings and threshold
settings (page 126)

For details, see 7.3 "Event Settings" (page 121).
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4.5 Load/Save Screen

LOAD/SAVE _ 14705
(4725 f_LINE
11:47:5] E_LINE
11: C_LINE

MEMORY
[ 9.1 "Using the Internal Memory"
(page 142)
CIEEE | Ciesse
PC-CARD

@ [9P "Using a PC Card" (page 143)

LOAD

For details, see Chapter 9 "Loading and Saving Settings and Mea-
sured Data" (page 141).
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Using Waveforms, Vectors,
DMMs, and Bar Graphs

(VIEW Screen)

. Check measurement data on the waveform dis-
play.
[ Waveform Display (page 67)

. Check measurement data on the vector display.
[ Véctor Display (page 70)

3. Check measurement data on the DMM display.
[_DMM Display (page 73)

. Check measurement data with harmonics.
[ Hbrmonics Bar Graph (page 74)
[ Hbrmonics List Screen (page 76)

. Check event data on the VIEW display.

[Ahalyzing Event Occurrences (page 130)
[Ahalyzing Transient Waveforms (page 131)

5.1 Using the VIEW Screen

Switching screen You can confirm such items as waveform data and the measurement
d isplay status on the VIEW screen.
The VIEW screen is
— of screens correspond-

ing to the DF1 to DF4

Display screen selector (DF: display function)

(6F1) WAVE keys.
_ 5P "Waveform Display" (page 67)
) VECTOR When you press a DF

key, the screen corre-

[ 5B "Vector Display" (page 70) sponding to that key ap-
y DMM pears.
~—~, L[5} "DMM Display” (page 73) Each time you press the
_,] HARMONICS same DF key, the dis-

[ 5 "Harmonics Display" (page 74) play changes.

About screen configuration

[ 2P.2 "Screen Configurations"(page 17)
[ 2P.3 "Screen Details"(page 24 to 27)
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Screen operations depending on the internal operation status
The screens that can be displayed differ depending on the internal operation

status.
Internal opera- Display Display
tion status update
[SETTING] Contents of the display update during set- | Approxi-
ting. mately 1
second

[RECORDING] | Contents of the latest display update dur-
ing measurement.

[ANALYZING] | Contents of the display update during
analysis, or contents at the moment an
event selected in TIME PLOT or EVENT
occurs.

Screen display during [SETTING] or [RECORDING]:

Eeal Time Yiew
Indicates the screen being displayed for the current measurement.

Screen display during [ANALYZING]:
No 7 05-24 71:57:20. 707 Dip CHZ IN
Indicates the analysis screen being displayed for the selected event.

@ [SETTING] ——@—[RECORDING} ~( 55 J7TANALYZING]
What is the relationship | OOEE J
between the operation status <=

and key operations?

@ ®—> [RECORDING]

Return to the setting Start recording
The @ key does not  mode from analysis

start recording during  ~A yTION!

[ANALYZING] operation!
Pressing erases all data stored in internal memory.

@ During[RECORDING]
_ _ ] operation:
Changing settings while

RECORDING] or [ANALYZ- .
[ ING]]iS di[splayed’? During [ANALYZING] DATA
* operation: reser) == [SETTING]

In either case, data stored in internal memory is erased.

'_"":; —p [SETTING]
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5.2 Waveform Display

Example: 4-channel waveform with a 3P4W (three-phase four-wire) config-

uration

@
@
{/“"‘-...‘]

f:50.001H=

Superimposes and
displays 4 channels
of the voltage wave-
form.

WAVE

VOLT/CURR

Currsor value (time)

Superimposes and
displays 4 channels
of the current wave-

form.
CIURSOR

VOLTAGE

Voltage waveform
Red: CH1

Yellow: CH2
Blue: CH3

White: CH4

CURRENT

Current waveform
Red: CH1

Yellow: CH2

Blue: CH3

White: CH4

2882783719

[ Ehlarging waveforms (page 68)
@ [ Changing the Y-axis scale of waveforms (page 68)
[ Changing the X-axis scale of waveforms (page 68)
[ REkading the cursor value (cursor measurement)
[VOLTAGE], [CURRENT ] (page 69)
[_Strolling through waveforms (page 69)
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Enlarging waveforms
Changing the Y-axis scale of waveforms

SELECT

f:50.001H=

ENTER|

Select from pull- x1/3, x1/2, x1, x2, x5, x10
down menu

When you want to reduce the waveform, make the scale

J~eolf—3-0)

) smaller.
enter)  Confirm When you want to enlarge the waveform, make the scale
o Cancel larger.

Changing the X-axis scale of waveforms

@ SELECT
| [f:50.001H=z
QO
I (Example) :
] Select from pull-
@ down menu For50 Hz 2 cycles, 4 cycles, 10 cycles
@ For 60 Hz 2 cycles, 4 cycles, 10 cycles, 12 cycles
) For400Hz 16 cycles, 32 cycles, 80 cycles
Confirm
= Cancel The waveforms are displayed over the entire screen in the

Reading the cursor value (cursor measurement) [VOLT/CURR]

CURSOR

®

‘ Move the vertical cursor
@ left and right to read the
display value.

Cursor position

v
l ||

The cursor on the scroll bar indicates

where the cursor is positioned onthe v can read waveform instantaneous values and time
saved waveform. with the cursor.

Normally, the cursor is located at the beginning of the
waveform.

| 25.008 A/diy@”P5. 808 A/div
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Reading the cursor value (cursor measurement) [VOLTAGE], [CURRENT ]

@ CURSOR

‘ Move the vertical cursor
@@ left and right to read the
display value.

Cursor position

L 4
N —

The cursor on the scroll bar indicates
where the cursor is positioned onthe  vgy can read waveform instantaneous values with the
saved waveform. cursor
Normally, the cursor is located at the beginning of the
waveform.

25.008 A/div

Scrolling through waveforms

SCROLL

25. 088 A/di

@ Scroll through the

®®® waveform

Scroll bar

‘<—>| Waveform display range

Normally, displays the begin-
ning of saved waveforms

(50 Hz: 10 waveforms, - >

60 Hz: 12 waveforms, 400 Hz: All recorded data

80 waveforms). The waveform display range (white belt) on the scroll bar
indicates what interval of recorded data is displayed on the
screen.
When you scroll horizontally, you can check all the saved
waveform.

When you scroll vertically, you can change the offset posi-
tion of the displayed waveform.

izontally to analyze 14 waveforms at 50 Hz, 16 waveforms at 60

NOTE If you select an event and display a waveform, you can scroll hor-
— Hz, or 112 waveforms at 400 Hz.
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5.3 Vector Display

VECTOR

I1 49.947 A
Iz 49,3985 A
I3 49,982 A
Tumb 0.05 =

Is 49.865 A

[ Changing the axis display (page 70)

[ Changing the RMS value/phase angle display (page 71)
[ Changing the phase angle display method (page 71)

[ Changing the phase angle reference source (page 71)
[ Changing harmonic number of orders (page 72)

Changing the axis display
@%:D SELECT
| i
Oe LOG
| (Example)
iﬁﬁi i “z
I gg\'ﬁ:tr:{g:a pull- LINEAR (linear display)
8 LOG (logarithmic display)
\ 4 You can select whether to use a linear display (LINEAR) or
Confirm logarithmic display (LOG) for the vector axis.
If you select the logarithmic display method, the vector is
esc) Cancel easy to see even at low levels.
When the 400 Hz measurement frequency is selected, harmonic
NOTE analysis is performed up to the 10th order, and inter-harmonic analy-
e

sis is not available.
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Changing the RMS value/phase angle display

@ SELECT
ol
| (Example)
] Select from pull-
@ down menu
Confirm
ESC Cancel

VALUE (RMS value)
PHASE (phase angle)

You can select what value to display (RMS value display or
phase angle display).

When PHASE is selected, see "Changing the phase angle
display method" (page 71).

Changing the phase angle display method

@ SELECT
[0
| (Example)
-ENTER
- Select from pull-
@ down menu
v
Confirm
ESC Cancel

+180 (lead: 0 to 180°, lag: 0 to -180°)
lag360 (lag 0 to 360°)

You can select the type of phase angle display.

By selecting lag360, you can display 0 to 360°.

When lag360 is selected, see "Changing the phase angle ref-
erence source" (page 71).

The selection affects only numerical results, and vector dis-
play remains unchanged.

Changing the phase angle reference source

SELECT

(Example)

Select from pull-
down menu

enter]  Confirm

[J «eo{d-3-0)

Cancel

m
w
(2]

ul, 11, U2, 12,U3, I3

You can select the reference source (0°) to display the phase
angle value

The selection affects only numerical results, and vector dis-
play remains unchanged.
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Changing harmonic number of orders

@ ORDER
v

@@ Change the num-
ber of orders

You can select what value to display.

When you change the number of orders, the values change
along with the vector.

In this case, the voltage and current unbalance factors remain
the same as the values calculated using the fundamental
wave (1st order).
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5.4 DMM Display

=D

!

\

POWER

l

\

VOLTAGE

iy
gy
A
e
e
!
A
e
iy
f B

CURRENT

Example: 3P4W (three-phase four-wire) 4-channel DMM display

Voltage, current

5.4898kW 7. 48954kVA
5. 4993kW 7. 4945kVA .
6, 4969kW Active power, appar-

19.486kW ent power
3. 7503klvar
3.7317kvar

3.7460kvar : e -
11.228kvar Reactive power,

power factor (dis-
placement power
factor)

Voltage, total voltage
distortion

Voltage waveform
peak monitor value

(+.-)

Voltage average val-
ue, Voltage unbalance
factor

2e01/81s22
14:089:44

Current, total current
total distortion factor

Current waveform-
peak monitor value

(+1 ')

Ipk+2
Ipk+3
I pk+d

T ave 49,971 A
Tunb 0.05 [z

>

N R

Current average val-
ue, K factor, and cur-
rent unbalance factor

2881/07/22
> 1] 14:089:46

[ Vbltage calculation method settings (page 54)
[ THD calculation method settings (page 55)
[_Pbwer factor calculation method settings (page 55)
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5.5 Harmonics Display

5.5.1 Harmonics Bar Graph

Example: 3P4W (three-phase four-wire)
VIEW

G
8l For the selected
______ Bl channel:

w=a Harmonic
voltage

HARMONICS

GRAPH

Harmonic
current

,,,,,,,,,,,,,,,,,,,, ' — &8 Harmonic
12 power

[ Changing the display channel (page 74)
@ [ Changing the axis display (page 75)
[ Changing the RMS value/phase angle display (page 75)
[Dlsplaying inter-harmonics (page 75)
[ Changing the order number displayed (page 76)

Changing the display channel

@D [ seLecT
Oe CH1

| (Exam

ple) 15.80

Select from pull- CH1. CH2. CH3. CH4

(@  downmenu : : :
Confirm

ESC Cancel

When the 400 Hz measurement frequency is selected, harmonic

NOTE analysis is performed up to the 10th order, and inter-harmonic analy-

E——— A

sis is not available.
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Changing the axis display

SELECT

LOG
(Example)

ENTER
Select from pull- ' _ _
down menu LINEAR (linear display)

LOG (logarithmic display)

When you select the logarithmic display, the vector is easy to
see even at low levels.

J«0o{]-80@

enter] Confirm

ESC Cancel

Changing the RMS value/phase angle display

SELECT

VALUE

(Example)

15.80 -
ENTER ; ; ;

Select from pull- ' ) '
down menu VALUE (RMS value)

PHASE (phase angle)

You can select whether RMS values or phase angles are dis-
Confirm played in the harmonic bar graph.
The harmonic power phase angle indicates the harmonic volt-
age-current phase difference.

J «oo{d-3-0)

ESC Cancel

Displaying inter-harmonics

SELECT

mOFE

iHarmOFF

(Example) . - . :

ENTER| iHarmOFF, iHarmON
Select from pull- If you display inter-harmonics (iHarmON), the screen
down menu

changes as follows.

Turquoise: inter-harmonics components

enter]  Confirm

[J «eo{d-3-0)

Cancel

m
w
(2]
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Changing the order number displayed

@ ORDER HarsFF

@@ Change the order
number

5.900 -

The selected order number becomes green on the bar graph.
If you change the order number, the values change along with
the bar graph.

5.5.2 Harmonics List Screen

Example: 3P4W (three-phase four-wire)

CHI U YALUE | iHarmOFF
HARMONICS QR RN : =L

LIST

Dttt

O OOOOO0COOOCOO—~CO
ONO—=O—=OINOWCINOOC D
OO —+~]ONON—~0—~h—~OOU
OOOOOOOOOOOOOOOO| O
o e le Eole Eole Bole Pofefe le (o (o fe e
NDOM—-MHOOOm—DOWOO| N
OOOOOO0OCOOOOOOO| —
OOOOOOCOOOOCOOOC—~
OONONONCWOWO®m—N| Ol

O
-

3 .

[ Changing the display channel (page 77)

@ [ Changing the display item (page 77)
[ Changing the RMS value/phase angle display (page 77)
[ Dlisplaying inter-harmonics (page 78)

The 1st to 50th harmonic orders and 0.5 to 49.5 inter-harmonic
orders are displayed in a list for the selected item.

When the 400 Hz measurement frequency is selected, harmonic
NOTE analysis is performed up to the 10th order, and inter-harmonic analy-
. sis is not available.
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Changing the display channel

® CH1

(Example)

®

ENTER
Select from pull-
down menu

CH1, CHZ2, CH3, CH

H 4-@@-.—

enter]  Confirm

ESC Cancel

Changing the display item

ooN U |

(Example)
ENTER

Select from pull-
down menu

3| «eo}]-

enter]  Confirm

ESC Cancel

Changing the RMS value/phase angle display

Oe VALUE
| (Example)
ENEER
Select from pull- 1 .02 | THD
(@  downmenu 3: . 3
@ 4: 0.
. 1.
* VALUE (RMS value)
Confirm PHASE (phase angle)

You can select whether RMS values or phase angles are dis-
played in the harmonic list.

The harmonic power phase angle indicates the harmonic
voltage-current phase difference.

Cancel

m
w
(2]
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Displaying inter-harmonics

GOl " iHarmorr |

I (Example) TGl | U JVALE | iternGiF
] Select from pull- ,
@ down menu 0.00 |
@ iHarmOFF, iHarmON
Confirm When active power (P) is selected as the display item, inter-
c | harmonics are not displayed.
ance

If you display inter-harmonics (iHarmON), the screen
changes as follows.

CHL U YALUE | iHarmON

oooooooe o @

oooooooooE@ @
Do @@ @

===~~~ =~ =~ -]

B.
B.
1.
B.
B.
B.
B
B.
B.
B.

The left side of the example shows harmonics and the right
inter-harmonics.

Inter-harmonics order numbers are 0.5 less than the order
numbers of harmonics in the same line.

(Example)

The order of inter-harmonics on the right of the 21st har-
monic is 20.5.
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Using the Time Series Graph
(TIME PLOT Screen)

Make time series settings
[Time Plot Settings (page 81)

2 . Perform measurements

Press @ to record data.

3. Analyze time series data

[ Changes in RMS Value (page 89)
[Changes in Voltage (page 93)
[_Changes in Harmonics (page 100)
[_FElicker (page 104)

6.1 Using the TIME PLOT Screen

Switching screen display

TIME PLOT screen selector

TIME PLOT
= RMS Display screen selector
w” L[ 6B "Changesin RMS Value" (page 89)
@ VOLTAGE
—~ [_6M "Changes in Voltage" (page 93)
¢ % HARMONICS
[ 65 "Changes in Harmonics" (page
100)
#/ FLICKER

[6b "Flicker" (page 104)

About screen configuration

[2P.2 "Screen Configurations"(page 18)

[2P.3 "Screen Details"(page 28 to 32)

The TIME PLOT screen is composed of a number of screens that cor-
respond to the DF1 to DF4 (DF: display function) keys.

When you press a DF key, the screen corresponding to that key
appears. Each time you press the same DF key, the display changes.
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Screen operations depending on the internal operation status

When measurement starts, the time series graph is displayed on the
TIME PLOT screen.

The Y-axis and X-axis are automatically scaled so that all the time
series graphs are displayed on the screen.

To change the scale of the Y-axis or X-axis, end measurement.

When measurement stops, the time series graph is no longer dis-
played.

EMS

| ELEMENT
7 I

Status Display Display update
[SETTING] |No time series graph display data. | =~ -----------
[RECORDING] | The time series graph display is | At each set interval

updated.
[ANALYZING] |The time series graph display is | =~ -----------
stopped.
@ [SETT|NG]__®_ [RECORDING] _®.[ANALYZ|NG]
What is the relationship | 01010]0) J
between the operation status <=

and key operations?

@ ®_> [RECORDING]

Return to the setting Start recording
The @ key does not  mode from analysis

start recording during |
[ANALYZING] operation! CAU-_”ON' o
Pressing erases all data stored in internal memory.

@ During[RECORDING]
. . ) operation:
Changing settings while

[RECORDING] or [ANALYZ- .
ING] is displayed? ~DUring IANALYZING] — SETTING
operation: @—V [ ]
In either case, data stored in internal memory is erased.

'_"':; DATAy. [SETTING]

Memory status display

INTERNAL MEMORY: Internal memory
PC CARD MEMORY: ATA flash card

TIME PLOT related data capacity
Measurement stops when memory becomes full.
(Selectable Stop/Continuous)

I INTERNAL MEMORY

p to 100 EVENT data sets can be stored
After 100 events are stored, the earliest are overwritten.
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6.2 Time Plot Settings

To display the time series graph, make the following settings in the
SYSTEM screen.

SYSTEM

MAIN

RECORDING

WIEW  TIME PLOT E

07 | ¥ JJJQMQMAﬂ

[ Types of settings to record data 1 (page 82)

[ Types of settings to record data 2 (page 83)

[ Séttings when the memory is full (page 83)
[_Seétting intervals (page 84)

[ Sétting Auto-save (page 85)

[_Seétting real-time control (page 85)

[ Sétting measurement start/stop time (page 86)
[_Seétting the repeated recording (page 87)
[_Seétting the number of repeated recording (page 88)

Time series graph for TIME PLOT-DF1[RMS], TIME PLOT-DF3[HARMONICS]:

50 Hz:10 waveforms, 60 Hz:12 waveforms,

400 Hz: 80 waveforms

v

RMS calculation
Harmonic calculation

You can display all recorded RMS values with voltage
(calculated for a single half cycle-shifted waveform) and
flicker excluded.

These RMS values are based on calculations that are
performed every 200 ms.

Based on these values, you can record the MAX, MIN,
and AVE within the interval period, or the AVE by itself.
Example:

When the interval is set to 1 sec, 5 calculations are per-
formed in the 1-second interval. From these, the MAX,
MIN, and AVE or the AVE by itself are recorded.

Time series graph for TIME PLOT-DF2[VOLTAGE]:

At 50 Hz or 60 Hz measurement

1 3 5
2 4
vVVvVVvYVvYYy
1 2345
Voltage RMS calculation

At 400 Hz measurement
1 3 5

vV Vvy
Voltage RMS calculation

You can display recorded voltage (value calculated for
one waveform shifted over half a wave).

When measuring at 50 Hz or 60 Hz, since this voltage is
calculated for each single half cycle-shifted waveform, it
contains a calculated value for every half cycle.

When measuring at 400 Hz, this voltage value is calcu-
lated from a full cycle.

Based on these values, you can record the MAX and
MIN within the interval period.

Example:

When the interval is set to 1 sec, 100 calculations are
performed in the 1-second interval for 50 Hz current. Of
these, only the MAX and MIN values are recorded.

[ Recording method of Timeplot graph: (page 215)
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Types of settings to record

RECORDING

Select from pull-

down menu

[]
®
©
v

Confirm

1: Power/ 2: P&Harm/ 3: ALL DATA

data 1

ALL DATA  Records all the calculation values.

P&Harm Records all calculation values except inter-har-
monics.
Power Records all calculation values except harmonics

and inter-harmonics.

If 400 Hz is selected, ALL DATA can not be selected.

1: Power/ 2: P&Harm/ 3: ALL DATA

Recorded item Pattern 1 2 3 Recorded item Pattern 1 2 3
ng?%glf(%nﬁglz\;e shifted ) ® ® Harmonic voltage X ® e
Frequency ® ® ® Harmonic current X ® )
RMS voltage value ) °® °® Harmonic power X [ ] )
RMS current value e ° ® Harmonic voltage-current phase differ- « - -
ence angle
Voltage waveform peak ) ® ® i
Current waveform peak ° S S IFiEr ey velEge X X ®
Active power = o o Inter-harmonic current X X e
Apparent power ® Ps ° Total harmonic voltage distortion factor ® ® ®
Reactive power PS PS ® Total harmonic current distortion factor ® ® )
Power factor/Displacement Total inter-harmonic voltage distortion
power factor P ® ® ® factor % 2 ®
Voltage unbalance factor P P P Total inter-harmonic current distortion > > -
factor
Current unbalance factor ) ® ®
K factor ® ® °®
Flicker
(A V10 or Pst, PLt) e ° ®
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Types of settings to record data 2

@ RECORDING
o
o

@ (Example)

AVE Records the average value only.

ENTER Select from pull- MAX/MIN/AVE Records the maximum, minimum, and average val-
down menu ues.

You can display the values (MAX, MIN, and AVE values) selected in
the Change in RMS value or Change in harmonics time series

®
®
v
Confirm graphs.

The MAX, MIN, and AVE values are the maximum, minimum, and av-

Esc Cancel erage calculated values calculated from calculated values included in
the interval period.
You can always record and display the MAX and MIN values in
NOTE the change in voltage time series graph, regardless of the selec-
EE—— e

tion made here.
[ TIME PLOT Recording Method (page 215)

Settings when the memory is full

1

RECORDING

Memory Full

o-®

®
©

<)

STOP When the internal memory where time series data is saved
ENTER)  Select from pull- becomes f_uII, measurement stops. _ . _
down menu LOOP When the internal memory where time series data is saved is

(Continue) exceeded, measurement continues. (Maximum: 1 month)
In this case, the oldest time series data in memory is deleted
and the new data saved.

<o

Confirm
Relationship between the internal memory and PC card when
Cancel the memory is full:

[ When the memory is full (page 153)

m
w
(2]




84
6.2 Time Plot Settings

Setting intervals

RECORDING

Available internal

memory (only)

Possible recording time of the time series graph

OO, recording time
@ 1, 3,15, or 30 sec, 1, 5, 10, 15, or 30 min, 1/2 hour
Depending on the data recorded and interval settings, the
d89|eCt from pull- time series graph's possible recording time changes.
@ own menu
® [ T¥pes of settings to record data 1 (page 82)
v [ Ty¥pes of settings to record data 2 (page 83)
Confirm
ESC Cancel

Interval ALL DATA (Saves all data) P&Harm (Sr?g/:eniol'\r’]li\gs)values and Power (Saves RMS values only)
MAX/MIN/AVE AVE MAX/MIN/AVE AVE MAX/MIN/AVE AVE

1s 5mi45s 17m12s 8m29s 25m18s 2h1Imbls 5h32m21s

3s 17m15s 51m36s 25m27s 1h15m54s |6h5m33s 16h37m3s

15s 1h26m15s |4h18m 2h7m15s 6h19m30s |lday6h27m45s|3days11h5mi5s

30s |2h52m30s |8h36m 4h14m30s  [12h3gm  |29ys12hS5m edays22hi0m

1m 5h45m 17h12m 8h29m ldaylh18m |5days1h51m [13days20h21m

5m lday4h45m|3days 14 h lday18h25m |5days6h30m|25days9h 15 m|31 days

10m |[2days9h30m|7 days4h 3days 12h50m |10 days 13h |31 days 31 days

15m |3days14h15m(10days 18 h |5days7h15m |[15days19h30m|31 days 31 days

30m |7days4h30m|21days12h |10 days 14 h 30 m|31 days 31 days 31 days

1h 14 days 9 h 31 days 21 days5h 31 days 31 days 31 days

2h 28 days 18 h |31 days 31 days 31 days 31 days 31 days

Measuring for
an extended period
of time.

Harmonics order data is not saved for Power, but it is saved in THD.

@

* When using a 64-MB Flash ATA card:
above interval x approximately 5
(However, you can only measure for up to 31 days.)

Use a Flash ATA card and set the “Auto Save” item to “BINARY.”
* When using a 32-MB Flash ATA card:
above interval x approximately 2.5

[Measuring for an extended period of time more than 1 month.

Setting the repeated recording (page 87), Setting the number
of repeated recording (page 88)




I 85
6.2 Time Plot Settings

Setting Auto-save

1

RECORDING

Select from pull-
down menu You can set the 3196 to save data automatically to the PC

card.

[_File Types (page 145)
[Shving and Loading Files (page 147)

o-®

©

: OFF 99 |times
OFF, BINARY, TEXT

®

®

E«@@-ﬁ—

Confirm
When BINARY or TEXT is selected, measurement data is recorded
ESC Cancel .
to PC card as well as internal memory.
After measurement, the measurement data in internal mem-
NOTE ory can be saved manually in binary or text format .
o [ Mibnual saving of the measured data files 1 (Binary for-

mat: all data) (page 149)
[ Minual saving of the measured data files 2 (Text format:
time-series/ event list/ flicker data) (page 150)

Setting real-time control

!

RECORDING

@ Time Start

(Real-time control)

o-®

®

OFF Measurement starts or stops when you press the
ENTER|]  Select from pull- START/STOP key.

down menu ON Measurement starts or stops at the set measurement
start/stop time.

=@

Confirm When ON is selected:

[WAITING] [RECORDING] [ANALYZING]
™\ 7\ £\
“ Starts measurement atthe  Finishes measurement at

measurement start time. the measurement end
time.

DATA
RESET,

When you want to stop measurement:

@ Press the button again.

E«@@-.

m
w
(2]

Cancel [SETTING]
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Setting measurement start/stop time

@ RECORDING
]
®

Start Time

¥] 9 M| 11 [D] 23 |l

Stop Time . ®
When Manual setting: @@@ Set the values

settings Start time @ Set to the current time.

Change

Stop time @ Set to 1 hour after the start time.
columns

(2 Set to 1 day after the start time.
enter)  Confirm @3 Setto 1 week after the start time.

ESC Cancel

|
@ Numeric value When Automatic settings:
Q

®¢®

An error message appears when @ is pressed and the set
measurement start time has already passed.
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Setting the repeated recording

Repeated recording operations can be conducted up to 99 days at one-day measuring intervals,
and up to 99 weeks at one-week measuring intervals.

The measured data file of repeated recording is saved as a separate binary file for each one-day
or one-week period on the PC card.

The repeated recording function utilizes “continuous measurement with full internal memory,”
“real time control,” and “auto-save on PC card.”

To set the repeated recording function, make the following settings. Without these settings, the
repeated recording function cannot be used.

1

RECORDING

o-®@

MemoryFull LOOP

on

®
@®

3 4@@-@—

Select from pull- All measured data collected by repeated recording is stored on
down menu the PC card, but previous data is cleared in each recording

' operation and not retained in internal memory (data displayed
Confirm on the screen). Therefore, only the latest data is retained in

internal memory at any given time.

[Séttings when the memory is full (page 83)
[Sétting Auto-save (page 85)

[_Setting real-time control (page 85)

Cancel

m
w
(2]

&

=

Make repeated recording settings

gt

RECORDING

(o Ml 11 DI 23 [ 5 li

®
®®'®

RepeatSave

©)

Select from pull- OFF No repeated recording

down menu . .
1 Day Repeated recording at one-day intervals
1 Week Repeated recording at one-week intervals

Confirm

E«@@-ﬁ—

Cancel

m
w
(2]
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Setting the number of repeated recording

@ RECORDING

1

O T e
“° I T

I (example) Indicates required PC card
Select from pull- 1to 99 file capacity.

@ down menu Increases the value

@ () Lowers the value
Confirm

EsC) Cancel

When the repeated recording function is set, the number of
repeated recording operations currently set will be indicated.

(Example)
When number of repeated recording operations is set to “99”

Auto-setting

Start time Stop time
Start measuring End measuring
[SETTING] ——@-[WAITING]l[RECORDING]l[ANALYZING] PC card
data file
Auto-setting Auto-setting
Start time Stop time
Start measuring End measuring
[SETTING] [WAITING] ¥-[RECORDING] Y- [ANALYZING] PC card
2/99 _P BINARY
............... data file
Auto-setting Auto-setting
Start time Stop time
Start measuring End measuring
PC card
[SETTING] [WAITING] —¥—~[RECORDING] ¥~ [ANALYZING] —mp> BINARY
99/99 data file
To set the start time, enter the start time of the first recording opera-
NOTE tion in repeated recording. The start and end times of subsequent
————EE

repeated recording operations are then set automatically.
Note that each repeated recording operation results in a measuring
deviation of one minute.
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6.3 Changes in RMS Value

Display items calculated by the 3196 at 200 ms

played in a time series for each interval.

TIME PLOT
Example: 3P4W (three-phase four-wire)

intervals can be dis-

RMS = / SYSTH__VIEW _/TTHE PUOT You can select a sin-
cHi.2,3 | cH < : st SR gle item from the dis-
play items to be
displayed in the time
series graph.
1 ELEMENT
Yellow: MAX value
Green: AVE value
Red: MIN value
11:32 17:32 23:32 B5:=32 11:32 1?:32-"
SCROLL EVENT JUMP 2?:?:?%;9
You can select two
2 ELEMENT items from the dis-
play items to be dis-
e played in the time
I series graph.
Yellow: MAX value
Green: AVE value
Red: MIN value
[ Changing the display item (page 90)
@ [ Changing the display channel (page 90)
[ Changing the Y-axis scale (page 91)
[ Changing the X-axis scale (page 91)
[ Clrsor measurements (page 91)
[ Strolling through waveforms (page 92)
[Seéarching for events (page 92)
MAX, MIN, and AVE indicate the maximum, minimum, and aver-
age during the interval.
* When you select AVE in the data type settings as the recorded data
NOTE ([SYSTEM]-DF2[RECORDING], a time series graph is displayed for the
————EE

AVE value only instead of three types of time series graphs being dis-
played for the MAX, AVE, and MIN values as above.

» When using the time series graph to observe swells, dips, and interrup-
tions, and to record A U deviation with respect to the nominal voltage,

a VOLTAGE.
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Changing the display item

@D [ sELecT
|
@@ Freq
I (Example)
] Select from pull-
@ down menu
Q
v
Confirm
Cancel

m
w
(2]

NOTE

req Frequency Q Reactive power

F
U Voltage PF Power factor
Upeak+ Voltage waveform peak (+)KF K factor

Upeak- Voltage waveform peak (-) Uunb  Voltage unbalance factor

Current lunb Current unbalance factor

Ipeak+ Current waveform peak (+)U-THD Total harmonic voltage

Ipeak- Current waveform peak (-)

distortion factor
I-THD  Total harmonic current

Uave  Average voltage value distortion factor

lave Average current value U-iTHD Total inter-harmonic voltage
= Active power distorFion factor _

S Apparent power |I-iTHD Total inter-harmonic current

distortion factor

peak: waveform peak, ave: average value between channels.

Depending on the following settings, some items cannot be
selected.

Setting item Settings Selection not possible

Recorded data | Power or P&Harm |U-iTHD, I-iTHD

Connection 1P2W Uave, lave, Uunb, lunb
1P3W, 3P3W2M  |Uunb, lunb

If the PLL unlocks due to a momentary power outage or another
reason, the set frequency is displayed and recorded during the
momentary power outage.

Changing the display channel

SELECT

CH1

|
©]0)
I (Example)
] Select from pull-
@ down menu
©
v
Confirm
Cancel

m
w
(2]

NOTE

CH1, CH2, CH3, CH4: Channel
sum: Total for all channels

If the connection method settings (4 channels) are off, you cannot
select CH4.
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Changing the Y-axis scale

SELECT

] Select from pull-
@ down menu
Q
v
Confirm
Cancel

P35k 467k | e {ope1/86/22 19:17:37 |

AUTO, x1, x2, x5, x10, x25, x50
When you want to reduce the graph, make the scale smaller.
When you want to enlarge the graph, make the scale larger.

When recording, use AUTO.

SELECT

Select from pull-
down menu

Confirm

Cancel

F13.T58K 647k o i 2001/86/22 19

AUTO, x1, x1/2, x1/4, x1/8, x1/16, x1/32, x1/64
When you want to reduce the graph, make the scale smaller.
When you want to enlarge the graph, make the scale larger.

When recording, use AUTO.

CURSOR

OO

display value.

(MAX/MIN/AVE display)

Yellow: MAX value
Green: AVE value
Red: MIN value

(AVE display)
Yellow: AVE value

Move the vertical cursor
left and right to read the

2001/86/22 19§}

i Cursor
time

L-Cursor

0 mi

1.250k : : : : 6 !
TUUUBR/21 86721 86/21 86721 86722 B6/22 867

You can read the value above the cursor and the time on the
time series graph.
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SCROLL

@ Scroll through the

@@@ graph

range

Waveform display—

Scrolling through waveforms

1.250k
B Y 7
85:32  11:32 17:32 23:32 85:32

Scroll bar

‘<—>‘ Graph display

- -
All recorded data

The waveform display range (white belt) on the scroll bar
indicates what interval of recorded data is displayed on the
screen.

When AUTO is set during recording, the X-axis and Y-axis
are automatically scaled so that all the time series graphs are
displayed on the screen.

When measurement stops, if you change the X-axis scale,
you can scroll through the time series graph in every direc-
tion.

Searching for events

@ EVENT JUMP

‘ Skips sideways
@@ through the event
markers.

Analyzing events using
waveforms

2002/86/22 86:27:39 :

19:42 28:42  21:42 22:42

Synchronization is achieved with an event selected from the

event list.

You can search for the time the event occurred (event

marker W ).

The start time and stop time event markers are always dis-

played.

Event marker

WV (red): Indicates an ordinary event.

WV (blue): Indicates an event for which an event voltage
fluctuation graph is recorded.
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6.4 Changes in Voltage

6.4.1 Graphing Voltage Fluctuations for Each
Interval

You can display interval-by-interval time series graphs of voltages

TIME PLOT (AU,S(t) as well as Urms) internally calculated from single half cycle-

shifted waveforms

VOLTAGE Example: 3P4W (three-phase four-wire)
58 ; M Y i T

Displays a time series

5 graph for U1, U2, and

i U3.

Modified values are

LR displayed as MAX and
& MIN values.

INTERVAL

Red: Ul
Yellow: U2
W Blue: U3
: 1 iv | [FLICKER
[ Changing the Y-axis scale (page 94)
@ [Changing the X-axis scale (page 94)
[ Clrsor measurements (page 94)

[Strolling through waveforms (page 95)
[_Séarching for events (page 95)

« When Urms is selected as the voltage recording setting
(SYSTEM-DF2[MEASURE)):
The RMS voltage detected for swell, dip, and interruption is dis-
played.
The cursor value of the event marker area on the time series graph
is the same as the swell, dip, or interruption value.

* When Pst, PIt is selected
The instantaneous flicker defined in IEC 61000-4-15 is displayed.

« When A U is selected as the voltage recording setting
(SYSTEM-DF2[MEASURE]):
The deviation in RMS voltage to nominal voltage (positive and neg-
ative voltage waveform peaks for nominal voltage) is displayed.

MAX and MIN indicate the maximum and minimum during the interval.

recorded data ([SYSTEM]-DF2[RECORDING]), the MAX and MIN
values are displayed in a time series graph.

Note that the MAX and MIN values are displayed in a single graph for
changes in voltage instead of the MAX, MIN, and AVE values dis-
played in three graphs as for changes in RMS value.

NOTE When you select MAX/MIN/AVE or AVE in the data type settings as
————EE
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Changing the Y-axis scale

SELECT

Select from pull-
down menu

ENTER|

Confirm

J <036

ESC Cancel

i i 12 188.87 : i
AUTO, x1, x2, x5, x10, x25, x50
When you want to reduce the graph, make the scale smaller.
When you want to enlarge the graph, make the scale larger.

AUTO scaling is used during recording.

Changing the X-axis scale

@ SELECT
|

000
|

Select from pull-
down menu

®
©
\ 4
Confirm

ESC Cancel

AUTO, x1, x1/2, x1/4, x1/8, x1/16, x1/32, x1/64
When you want to reduce the graph, make the scale smaller.
When you want to enlarge the graph, make the scale larger.

AUTO scaling is used during recording. This cannot be
changed.

Cursor measurements

CURSOR

Move the vertical

cursor left and right
@@ to read the display
value.

0

Left side  (MAX value)
Red: Ul
Yellow: U2
Blue: U3

Right side (MIN value)
Red: Ul
Yellow: U2
Blue: U3

107, ] ] ]
BB/ 24 86724 06/724 06724 B6724 06724 06724
13:84 13:85 13:86 13:87 13:88 13:89 13:18

1 @infdiu

You can read the value above the cursor and the time on the
time series graph.
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Scrolling through waveforms

SCROLL

@ Scroll through the

@@@ graph

range 187.58: f : d i i 1 minfdiv
B6/247 86724 BB/24 BB/24  B6/24B6/24 06724
13:84 13:85 13:86  13:87 13:88 13:89 13:18

Cursor position Scroll bar

4 I T
# ‘<—>‘ Graph display range

in- - |
The cursor on the scroll b_ar in All recorded data
dicates where the cursor is po-
sitioned on the all recorded
data.

The graph display range (white belt) on the scroll bar indi-
cates what interval of recorded data is displayed on the
screen.

When AUTO is set during recording, the X-axis and Y-axis are
automatically scaled so that all the time series graphs are dis-
played on the screen.

If you change the X/Y-axis scale, you can scroll through the
time series graph in every direction.

Searching for events

@ EVENT JUMP

i | 88.59 88.99
‘ arker - e -
Skips sideways 5 : : :
@@ through the event
markers.

21:42 22:42

Analyzing events using

waveforms Synchronization is achieved with an event selected from the
event list.
You can search for the time the event occurred (event
marker W ).
The start time and stop time event markers are always dis-
played.

Event marker

WV (red): Indicates an ordinary event.

VW (blue): Indicates an event for which an event voltage
fluctuation graph is recorded.
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6.4.2 Graphing Voltage Fluctuations for Events

TIME PLOT

VOLTAGE

EVENT

NOTE

When an event occurs, the voltage calculated by the 3196 for a single
waveform shifted half a wave can be displayed in a time series graph
spanning 10 seconds.

Example: 1P2W (single-phase two-wire)

Displays a time series
graph for U1, U2, and
i U3.

Pre-trigger is fixed to

all recording length to
10 seconds.

Red: Ul
. Yellow: U2
b Blue: U3

[ Changing the Y-axis scale (page 97)
@ [ Changing the X-axis scale (page 97)

[ Clrsor measurements (page 97)

[Strolling through waveforms (page 98)

[ Dlisplaying voltage fluctuation event graphs stored
on a PC card (page 98)

[ Altomatically recording multiple voltage fluctuation
event graphs on a PC card (page 99)

The only events that are valid for recording are voltage swells, voltage
dips, and voltage interruptions.

Only one voltage fluctuation event graph is recorded in internal mem-
ory.

By using a PC card, your can record and display multiple voltage fluc-
tuation event graphs.

» Recording is possible regardless of the recording data type settings and
interval setting (SYSTEM-DF2[RECORDING]).

¢ When measuring at 400 Hz, maximum and minimum values are calcu-
lated from every eight data values at each cycle.
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Changing the Y-axis scale

SELECT

Select from pull- ' ' ' : ' '
down menu AUTO, x1, x2, x5, x10, x25, x50

When you want to reduce the graph, make the scale smaller.
When you want to enlarge the graph, make the scale larger.

ENTER

Confirm

J «eo{i-3-0)

AUTO scaling is used during recording.
ESC Cancel

Changing the X-axis scale

SELECT

Select from pull- ' ' ' - - : . , ;
down menu AUTO, x5, x2, x1, x1/2, x1/4, x1/8, x1/16, x1/32, x1/64

When you want to reduce the graph, make the scale smaller.
When you want to enlarge the graph, make the scale larger.

ENTER

enter]  Confirm

J«c0o{]-3-0Q

AUTO scaling is used during recording. This cannot be
Esq)  Cancel changed.

Cursor measurements

CURSOR == Cursor

time

0

Move the vertical

@@ cursor left and right
to read the display

value.

Red: Ul

Yellow: U2 4375
Blue: U3 - 1.88 1.58 2.88 2.58 j.a| 3.58

SEC SEC SEC SEC SEeC SEC

You can read the value above the cursor and the time on the
time series graph.
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SCROLL

Scroll through the

@g@ graph

Cursor position

v
l [

The cursor on the scroll bar
indicates where the cursor is
positioned on the all recorded
data.

Waveform display—
range

Scrolling through waveforms

2082707723 18:15:49.357

1.68 1.58 2.88 2.58 3.a8 3.58
sec sec sec sec sec sec

8.58
sec

Scroll bar

BN
‘<—>{ Graph display range

All recorded data

L

The graph display range (white belt) on the scroll bar indi-
cates what interval of recorded data is displayed on the
screen.

When AUTO is set during recording, the X-axis and Y-axis are
automatically scaled so that all the time series graphs are dis-
played on the screen.

If you change the X/Y-axis scale, you can scroll through the
time series graph in every direction.

NEXT FILE

@

Displaying voltage fluctuation event graphs stored on a PC card

You can read and display voltage fluctuation event graphs
recorded on a PC card.

Each depression of this key reads the next in a series of volt-

age fluctuation event graph on the PC card.

This operation is only possible in the following circumstances.

* When a PC card is inserted during analysis

« When voltage fluctuation event data is recorded on the PC
card in binary format

It is also possible to analyze data stored on the PC card after
loading all binary measurement files into the analyzer. (How-
ever, the PC card must be left in the analyzer during operation
as data is read at each stage.)
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Automatically recording multiple voltage fluctuation event graphs on a PC card

Only one voltage fluctuation event graph is recorded in internal
memory.

By using a PC card, your can record multiple voltage fluctuation
event graphs.

When BINARY (binary format) or TEXT (text format) is selected
as the auto save option, measurement files are automatically
recorded on the PC card.

Method of Auto-save settings:

[ Measured data files Auto-save (binary format) settings (page
152)

[_Auto-save measured data file (text format) settings (page
154)
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6.5 Changes in Harmonics

You can select six orders and display them in a harmonics time series
graph.

TIME PLOT

Example: 3P4W (three-phase four-wire)

/TIVE PLOT
HARMONICS :
"1 BLEMENT
HARM i ELEMENT
@ [ Changing the X-axis scale (page 101)
[ Changing the order number displayed (page
102)
= [ Clrsor measurements (page 102)
[Strolling through waveforms (page 103)
[_Seéarching for events (page 103)
SEAW
INTERHARM
ELEMENT
ELEMENT
1 i i 1 n%1in/diu§
B F A E P T R T YL T A
22:86  22:87 22:08 22:09 22:18 22:11 22:12
28082/83719
EVENT JUMP 16:48:57
« When Power is selected in the recorded item settings (SYSTEM-
NOTE DF2[RECORDING]) as recorded data, you cannot display the harmon-
e

ics time series graph. Also, when Power or P&Harm is selected, you
cannot display the changes in harmonics time series graph for inter-har-
monics.

» When you select MAX/MIN/AVE in the data type settings (SYSTEM-
DF2[RECORDING]) as recorded data, the MAX and MIN values are dis-
played in a single graph.

« When the 400 Hz measurement frequency is selected, harmonic analysis
is performed up to the 10th order, and inter-harmonic analysis is not
available.
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Changing the display item

SELECT

A

®
©

|
] Select from pull-
% down menu U1, U2, U3, U4 Voltage (CH1/2/3/4)
* 11/12/13/14 Current (CH1/2/3/4)
. P1/P2/P3 Active power (CH1/2/3/)
Confirm
Psum Total active power
Esc)  Cancel 01/62/63 Phase difference (CH1/2/3)
fsum Total phase difference
The display items that can be selected differ depending on
the connection method.
6 indicates the phase difference between the voltage and the
current for that channel.
You can only select U1, U2, U3, U4, I1, 12, 13, and 14 in the inter-
NOTE harmonic time series graph.
E—— e

Changing the X-axis scale

SELECT

ENTER| 2991!;1]5!24 IQ:BB:BE

Select from pull- AUTO, x1, x1/2, x1/4, x1/8, x1/16, x1/32, x1/64

§ ~0o{§-8-0

down menu When you want to reduce the graph, make the scale smaller.
When you want to enlarge the graph, make the scale larger.
enter)|  Confirm AUTO scaling is used during recording. This cannot be
cancel changed.

m
w
(2]

The Y-axis scale cannot be changed. The maximum value for the
NOTE Y-axis is the same as the full-scale range value.
—— e 4
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ENTER|

J«0o{]-8-0

ENTER

Changing the order number displayed

SELECT

(Example)

2001/86/24 13:08:86 :
Select from pull-

down menu OFF, 1 to 50 (When harmonics DF3[HARM)] is selected)
OFF, 0.5 to 49.5 (When Inter-harmonics DF3[INTERHARM)] is
selected)

Confirm

You can select up to six orders and display them simulta-
Cancel neously.

®

v

OO

Cursor measurements

CURSOR

20081/96/24 13:08:86 !

Move the vertical cursor
left and right to read the
display value.

The cursor value is
the same color as | |
the selected order. ;. B.850:

| AT R

"""""BB?ZH"""BB??H""BB??H"""BB??H""H'f?ﬂ"""ﬂﬁ??ﬂ""ﬂﬁ??ﬂ""""J
HIiE H! HIIIF Hl! Hii L HIiE z 10

You can read the value above the cursor and the time on
the time series graph.

TEM-DF2[RECORDING]) as recorded data, the cursor values
indicate MAX values, and when AVE is selected, AVE values are
indicated.

NOTE When MAX/MIN/AVE is selected in the data type settings (SYS-
—— e 4
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Scrolling through waveforms

@@ Scroll through the

SCROLL

graph

Cursor position

v

I

The cursor on the scroll bar
indicates where the cursor is
positioned on the all recorded

data.

" 2001/86/24
Scroll bar |

- 0.050 1 minfdiv |
CUUUEE/24 T B6/24 8672406724 86724 T 06/24 B6/24 T

Scroll bar

BN
|<—>{ Graph display range

- All recorded data >

The graph display range (white belt) on the scroll bar indi-
cates what interval of recorded data is displayed on the
screen.

During measurement, the Y-axis is automatically scaled so
that all the time series graphs are displayed on the screen.
When measurement stops, if you change the X-axis scale,
you can scroll the time series graph right and left.

Searching for events

@)
v

OO

EVENT JUMP

Skips sideways

through the event

markers.

Analyzing events using
waveforms

CHL IN

Synchronization is achieved with an event selected from the

event list.

You can search for the time the event occurred (event

marker W ).

The start time and stop time event markers are always dis-

played.

Event marker

WV (red): Indicates an ordinary event.

WV (blue): Indicates an event for which an event voltage
fluctuation graph is recorded.




104 |
6.6 Flicker

6.6 Flicker

NOTE

Flicker analysis is not available when measuring 400 Hz.

6.6.1 IEC Flicker Meter and AV10 Flicker Meter

IEC Flicker Meter

A flicker meter is a device for measuring perceived instability in light
resulting from variations in lighting brightness and wavelength.

There are two types of flicker meters: the IEC flicker meter (UIE flicker
meter), which is based on the IEC standard; and the AV10 flicker
meter, which is used primarily in Japan. Both types of flicker meter
observe fluctuations in voltage and display a numeric value as an
objective measure of flicker.

“oltage harf
waveform | cycle
[ a0
+ |calcu-
| letien

RMS value

Auto Gain
Controller

The IEC flicker function is based on international standard IEC61000-
4-15, “Flickermeter - Functional and design specifications”.

Functional diagram of the IEC flicker meter

Simulation of lamp - eve- brain response Statiztical analysis
o [Ees] . [Beea]. . . [Beekd]
;E"-.l‘oI{ége"éaiﬁuc:on-f'r'oIE ) EWeiéhtng fi'I-fer: : Yy Sguaringand T ¢, ‘Statistical evaluation’

smoothing -, 7 of flicker level

OTF filter |

i fEquar— 1zt order|:
Y ? ing LPF i 1024 Qukput || Pet

T é ;x_ . multi- s [F] [elassitie Mintertaces] * pﬁ
R K=l g4 : i

RMS

¥

plier T =300ms|

| Fst, PRt '
observation program |

Instantaneous flicker ssnsation
St

1200 lamp B0Hz §
230 lamp BOHz . :

Urms

The RMS voltage (Urms) that is used by the IEC flicker meter is calcu-
lated every half cycle.

AGC

This circuit adjusts the input RMS voltage (Urms) to a constant level
without affecting the variable voltage component.

The circuit has a 60-second response time (the time over which the
fluctuation width changes from 10% to 90%) with respect to stepped
variations in Urms.



Weighting Filter

Statistical
Processing

Short Interval
Flicker Value

Long Interval
Flicker Value
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Processing uses one of three selectable weighting filters, a filter of 230
V lamp, 50 Hz systems, a filter for 120 V lamp, 60 Hz systems, and a
filter for 100 V lamp, 50 Hz or 60 Hz systems.

ka,s 1+s/ w,

[ ]

0?+21S+w,° (A+slwo,)1+s/w,)
e 230V lamp 50 Hz system

k =1.74802

A = 2m4.05981

®q = 219.15494

W, = 2n2.27979

w3 = 211.22535

Wy = 21n21.9

e 120V lamp 60 Hz system
k =1.6357
A =214.167375
7 = 219.077169

w, = 212.939902
w3 = 211.394468
Wy = 2117.31512

e 100 V lamp 50 Hz or 60Hz system
k = 1.52067
A =214.05217
®; = 219.01508

w, = 214.12991
w3 = 211.68945
Wy = 2118.9417

Statistics on flicker are compiled by applying the cumulative probability
function (CPF) to 1,024 logarithmic divisions of instantaneous flicker
values S(t) in the range from 0.0001 to 10000 P.U. to obtain cumula-
tive probabilities P0.1, P1s, P3s, P10s, and P50s.

Pst

This indicates degree of perceptibility (severity) of flicker measured
over a 10-minute period.

Calculation:

Pst = N/ 0.0314P0.1+0.0525P1s+0.0657P3s+0.28P10s+0.08P50s

P50s = (P30+P50+P80)/3

P10s = (P6+P8+P10+P13+P17)/5
P3s = (P2.2+P3+P4)/3

Pls = (0.7+P1+P1.5)/3

PO0.1 is not smoothed

Plt

Indicates the degree of perceptibility (severity) of flicker determined
from successive Pst measurements over a 2-hour period.

To calculate a moving average of Pst, the displayed value is updated
every 10 minutes.

Calculation:

Plt = 3/ ZPsti®
N
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AV10 Flicker Meter

AV10 Flicker The AV10 flicker function is calculated using the “perceived flicker
curve” calculation method, which is based on digital Fourier transfor-
mation.

Calculation:
AVlO = Z (an : Avn)z
n=1
AVn: RMS value [V] for voltage fluctuations in frequency fn.
an: Luminosity coefficient for fn where 10 Hz is 1.0.

(0.05Hz to 30Hz)
Evaluation period:for 1 minute

AV10 Perceived flicker curve
AV10 Perceived flicker coefficient

1.2

1

/\
/
/o
0.2 /

0 o C
0.01 0.1 1 10 100

Frequency[Hz]
To measure the Set the flicker calculation, voltage recording method, IEC flicker filter,
IEC Flicker or AV10 and AV10 flicker measurement channel in SYSTEM - DF2[MEA-

Flicker SURE].
[_Elicker calculation settings (page 56)

[ Vbltage recording method settings (page 56)
[_IHC flicker filter settings (page 57)
[AV10 flicker measurement channel settings (page 57)
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6.6.2 IEC Flicker Graph

Displays the IEC flicker graph.
& VI

)

1 ELEMENT

FLICKER 2 ELEMENT

GRAPH
| (LR . ; j : 36 h 0 minsdiv |
QN A T I 4
[ Changing the Y-axis scale (page 107)
S @ [ Changing the X-axis scale (page 108)
[ Clrsor measurements (page 108)
[_Strolling through waveforms (page 109)
e The graph is updated every 10-minute, regardless of the interval that is
NOTE set for [SYSTEM]-DF2[MAIN]-[RECORDING].
e

» After you press @ the clock displays “00” seconds and measure-
ment starts.

e This is only displayed if Pst,Plt is selected for Flicker in [SYSTEM]-
DF2[MAIN]-[MEASURE].

* A fluctuation graph of S(t) is displayed in the DF2[VOLTAGE]
screen. However, this graph is not displayed unless S(t) is selected
for voltage recording with [SYSTEM]-DF2[MAIN]-[MEASURE].

Changing the Y-axis scale
@ SELECT
0O
I CU3oeEe T 50 p. T Tonnesa3s11) ne- 16
: 8.365 Plt : 5
I Selectirom pull- AUTO, x1, x2, x5, x10, x25, x50
®  down menu When you want to reduce the graph, make the scale smaller.
@ When you want to enlarge the graph, make the scale larger.
Confirm AUTO scaling is used during recording.
ESC Cancel




108 I
6.6 Flicker

Changing the X-axis scale

@D [ sELecT
|
OO N B
[ #
i — S S A — — —
3 gs'eCt frompull- AUTO, x1, x1/2, x1/4, x1/8, X1/16, x1/32, X1/64
wn menu When you want to reduce the graph, make the scale smaller.
@ When you want to enlarge the graph, make the scale larger.
Confirm AUTO scaling is used during recording. This cannot be
Cancel changed.
ESC

Cursor measurements

CURSOR

Move the vertical
cursor left and right
to read the display
value.

3+9

Upper: Pst measured value
Lower: PIt measured value

38 h B min/div

- 6.080" ] : : ] .
I TUUTUR3/E3 03705 03706 83787 8368 a3 e a3
21:26 B3:26 B9:26 15:26 21:26 B3:26 HB9:26

Measured values of Pst and Plt can be read every 10 minutes.
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Scrolling through waveforms

SCROLL

@ Scroll through the

@@@ graph

'"""""'9'37'9'3"""'9'3:'/"95""9'3):"9'5'""'B??B?""B?'}'H'B"'
21:26 B83:26 B9:26 15:26 21:26 03:26 09:26
Scroll bar

BN
|<—>{ Graph display range

- All recorded data >

The waveform display range (white belt) on the scroll bar
indicates what interval of recorded data is displayed on the
screen.

When AUTO is set during recording, the X-axis and Y-axis
are automatically scaled so that all the time series graphs
are displayed on the screen.

If you change the X/Y-axis scale, you can scroll through the
time series graph in every direction.
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6.6.3 IEC Flicker List

Statistics on Pst and PIt are displayed every 10 minutes, along with the
date and time.
» Pst: short interval flicker value

e PIt: long interval flicker value
TIME PLOT

CH 4 I R
C
ANELYZING
FLICKER

1196 UG-1o 1 ELEMENT

LIST el e 7 ELEMENT

2802783719

15:33:37

« The displayed statistics are for IEC flicker (Pst and PIt), and are displayed
NOTE in the list every 10 minutes together with the date and time.
———————

« This is only displayed if Pst, Plt is selected for flicker in [SYSTEM]-DF2
[MAIN]-IMEASURE].

« EN50160, “Voltage characteristics of electricity supplied by public distri-
bution systems”, specifies a limit of Plt < 1 during 95% of a 1-week
period.
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6.6.4 AV10 Flicker Graph

TIME PLOT

FLICKER

GRAPH

NOTE

Reference volt-
age for AV10

flicker

/TIME PLO

1 ELEMENT
7 FLEMENT

8.0808 ] i : : h 8 min/div :
TUUTTR2A28RR28 U e3val 0300 e3el 030l e3ser 5
[ Changing the Y-axis scale (page 112)
@ [ Changing the X-axis scale (page 112)
[ Clrsor measurements (page 112)
[Strolling through waveforms (page 113)

» The graph is updated once a minute, regardless of the interval that is set
for [SYSTEM]-DF2[MAIN]-[RECORDING].

» After you press @ the clock displays “00” seconds and measure-
ment starts.

e This is only displayed if AV10 is selected for flicker in [SYSTEM]-DF2[
MAIN]-IMEASURE].

» AV10 flicker can only be measured on one of the voltage channels U1,
U2, or U3.

» The measurement source is the same as the PLL source.

With AV10 flicker measurement, the reference voltage is automatically
set internally using AGC (automatic gain control).

Once the fluctuating voltage value has stabilized, the reference volt-
age is automatically changed to that value.

Therefore, unlike conventional AV10 flicker meters, there is no need to
switch supply voltage settings.

Example:

Fluctuating voltage: Stabilizes at 96 V rms reference voltage is auto-
matically changed to 96 V rms

Fluctuating voltage: Stabilizes at 102 V rms reference voltage is auto-
matically changed to 102 V rms

Due to the effect of the high pass filter used with A V10 flicker, if you
begin measuring A V10 immediately after making settings, the A V10
flicker measurement value may be unstable, causing the first and sec-
ond settings to display large values.

After making settings on the [SYSTEM] screen, it is recommended
that you wait about 3 minutes before you start measuring.
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Changing the Y-axis scale

SELECT

J <036

ENTER
Select from pull-
down menu
Confirm
ESC Cancel

AUTO, 1, x2,x5, xO, x2, x50
When you want to reduce the graph, make the scale smaller.
When you want to enlarge the graph, make the scale larger.

AUTO scaling is used during recording.

Changing the X-axis scale

SELECT

Select from pull-
down menu

ENTER|

7 «eo{]-3-0Q

enter)  Confirm

Cancel

div| AUTO

82/082/728 18:18:00 |

AUTO, x1, x1/2, x1/4, x1/8, x1/16, x1/32, x1/6
When you want to reduce the graph, make the scale smaller.
When you want to enlarge the graph, make the scale larger.

AUTO scaling is used during recording. This cannot be
changed.

Cursor measurements

@2 [ cursor

‘ Move the vertical cursor

@@ left and right to read the
display value.

Left side  Measurement
value

Right side AV10

; g ; g g 2 h 8 minfdiv
CUUUH2728 82728 83701 @301 @301 e3/e1 e3je1
20:17 22:17 BB:17 B2:17 B4:17 O6:17 B8:17

B.088 :

The measured value of AV10 flick can be read every 1 minute.
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Scrolling through waveforms

SCROLL

2082/82/28 18:18:80 :

@ Scroll through the

@@@ graph

: : ] : : i B n Iu’diu
CUUUUREZAZ28 82728 83791 837010 83781 e37e1 e3selr
20:17 22:17 00:17 02:17 04:17 @6:17 08:17
Scroll bar

BN
|<—>{ Graph display range

- All recorded data >

The waveform display range (white belt) on the scroll bar
indicates what interval of recorded data is displayed on the
screen.

When AUTO is set during recording, the X-axis and Y-axis
are automatically scaled so that all the time series graphs
are displayed on the screen.

If you change the X/Y-axis scale, you can scroll through the
time series graph in every direction.
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6.6.5 AV10 Flicker List

The following AV10 flicker statistics are updated every hour and dis-
played in the list together with the date and time.
» The maximum value over one hour for AV10 Flicker

TIME PLOT * The fourth maximum value over one hour for AV10 Flicker
» The average value over one hour for AV10 Flicker

The AV10 flicker statistics are displayed for the measurement period.
AV10 values are updated once a minute.
FLICKER » Overall maximum value for AV10 Flicker

LIST
ANBLYZING
1 ELEMENT
2 ELEMENT
2802783719
15:33:37
« The statistics are updated once an hour, and the overall maximum value
NOTE for AV10 flicker is updated once a minute.
—————

« This is only displayed if AV10 is selected for flicker in [SYSTEM]-DF2
[MAIN]-[MEASURE].
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Using Events

(EVENT Screen)

NOTE

1.

Make event settings

[ EVent Settings (page 121)

By setting thresholds in advance, information regarding inter-
nal calculations that exceed the thresholds can be captured
as events. Since thresholds are ordinarily set as the rated
limits of the electrical facilities being used, the occurrence of
an event can be interpreted as a power supply anomaly.

Check event thresholds

[_EVent Monitor Display (page 134)
You can check whether specified event thresholds are appro-

priate by looking at the event monitor screen. This is possible
even without pressing the START key to start recording.

Perform measurements

Press to record.

As each event occurs, it is displayed
on the EVENT screen.

Event occurrence

Analyze events

[ EVent List Display (page 127)

[_Ahalyzing Event Occurrences (page 130)

[ Ahalyzing Transient Waveforms (page 131)

[ EVent Monitor Display (page 134)

Events displayed by the 3196

* Measurement start events

* Measurement stop events

e Calculation events (events for which thresholds can be speci-
fied)

When measuring using events, be sure to enable event settings in
the SYSTEM screen.

3) EVENT

[EVent Settigs (page 121)
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7.1 Using the EVENT Screen

Switching screen display

Selecting the EVENT Screen

EVENT Display screen selection
7~ LIST

[ 71 "Event List Display" (page 127)

MONITOR

[ 77 "Event Monitor Display" (page 134)

EN50160

> (For details, see the instruction Manual for
/ EN50160 (CD-R).)
* Over View

~, * Harmonics
| « Signaling
» Events

= ¢ Settingl
J e+ Setting2
» Setting3

About screen configuration

[ 2P.2 "Screen Configurations"(page 19)
[ 2.P.3 "Screen Details"(page 33 to 35)

The EVENT screen is made up of a number of screens that corre-
spond to the DF1 to DF4 (DF: display function) keys.

When you press a DF key, the screen corresponding to that key
appears. Each time you press the same DF key, the display changes.
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Screen operations depending on the internal operation status
Screen operations are limited according to the internal operation sta-

tus.

Status Display update

[SETTING]

None

[RECORDING]

Each time an event occurs

[ANALYZING]

Stop

Can be used in the SETTING status only with the event monitor.

©

What is the relationship
between the operation status

and key operations?

©

The @ key does not
start recording during

[SETT ING]-{@}-@.[RECORDING]_®.[.ANALYZING]
| EEE® J
<=

Return to the setting Start recording
mode from analysis

CAUTION!

[ANALYZING] operation!

©

Changing settings while
[RECORDING] or [ANALYZ-
ING] is displayed?

Pressing erases all data stored in internal memory.

During[RECORDING]
operation:

%_’ [SETTING]

During [ANALYZING]
operation: m—pp [SETTING]

In either case, data stored in internal memory is erased.

Memory status display

INTERNAL MEMORY: Internal memory

"Bl MEMOE'Y PC CARD MEMORY: ATA flash card

BEC CERED  MEMORY

TIME PLOT related data capacity
Measurement stops when memory becomes full.
(Selectable Stop/Continuous)

INTERNAL MEMORY

p to 100 EVENT data sets can be stored
After 100 events are stored, the earliest are overwritten.

While only 100 events can be recorded in internal memory, up to
1,000 events can be stored on a PC card.

NOTE
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7.2 Event Detection Method

Transient overvoltage

Detection method:

The voltage channels (Ul to U4) are sampled at 2
MHz and transients exceeding the absolute value of
the threshold are detected.

Threshold determines the variance from the voltage
waveform.

The waveform that is saved is the one that has the
largest positive or negative transient peak.

Recorded contents:
1. Peak value:
Threshold Maximum absolute value (2000 Vmax)

__________________ 2. Interval:
Period over which the threshold is exceeded (4
i Interval msmax)
| g X 3. Waveform:
“2ms T o2ms Waveform centered around the peak value

Voltage swells, voltage dips, and interruptions

Detection method:
/\\//\\/f\\/f\\/f\\/ When measuring at 50 Hz or 60 Hz, events are
3 5 detected using the RMS voltage of sampling data for
a single wave (256 points) from a voltage waveform
that is shifted by a half cycle.
When measuring at 400 Hz, events are detected
using the RMS voltage of the sampling data for one
full cycle (32 points).
2 4 Detection is based on the line-to-line voltage with three-
phase three-wire connection, and on the phase-to-neu-

Hysteresis tral voltage with three-phase four-wire connection.
Threshold \

: Swell is detected when the RMS voltage RMS
RMS voltage \A ﬁ | e>_<ceeds the threshold in the positive direction.
EVENTIN EVENT OUT Dips and interruptions are detgcted when .the RMS
voltage exceeds the threshold in the negative direc-
Dips and interruptions tion.

(Hysteresis is applied for detection in both cases.)

1

—p RMS voltage

Swell

RMS voltage
: Recorded contents:
ThreShOGV\ ﬂsme&s 1. Height, depth:
M For swell, the threshold is the height, and is dis-
played as swell to %.
For dips, the threshold is the depth, and is dis-
played as dip to %.
For interruptions, the threshold is the depth, and
is displayed as interruption to %.
2. Interval:
Period over which the threshold is exceeded

EVENT IN EVENT OUT
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Frequency

Detection method:

Reciprocal detection (sampling at 2 MHz) with measurement and detection approximately every 200
ms (about once every 10 cycles at 50 Hz, every 12 cycles at 60 Hz, or every 80 cycls at 400 Hz)

The measurement source is U1, U2, or U3 (same as the PLL synchronization source)

Voltage waveform peaks, current waveform peaks, RMS voltage (upper limit, lower
limit, SENSE), RMS current, active power, reactive power, apparent power, power
factor, and displacement power factor

Detection method:

N\ JA\ Measurement and detection at 256 points per cycle

VARV approximately every 200 ms (about once every 10

50 Hz: 10 cycles, 60 Hz: 12 cycles, cycles at 50 Hz, every 12 cycles at 60 Hz, or every
400 Hz: 80 CyC"‘f 80 cycles at 400 Hz)

RMS calculation ] ) )
With three-phase connection, the voltage calculation

With RMS voltage (upper limit) method (either phase-to-neutral voltage or line-to
line voltage) can be specified for RMS voltage detec-
/‘/\/ SENSE value tion.
\ Voltage waveform peaks, current waveform peaks,
/\/: \'\ H , active power, reactive power, power factor, and dis-
Threshold ~/' | \,\ ' yiteres's pIacemenF Ppower factor are detected using thresh-
/ - - olds specified as absolute values.
RMS A
value J’ S¢ENS¢E SiNSt ¢
R/ENT EVENT OUT

Voltage unbalance factor, current unbalance factor, harmonic voltage, harmonic
current, harmonic power, harmonic voltage-current phase difference, total har-
monic voltage distortion factor, total harmonic current distortion factor, and K fac-
tor

Detection method:

/A NYA Measurement and detection are performed in a
2048-point rectangular window containing 10 cycles
at 50 Hz, 12 cycles at 60 Hz, or 80 cycles at 400 Hz.
Thresholds can be specified individually for each
Harmonic calculation in a rectangular window harmonic order for harmonic voltage, harmonic cur-
rent, harmonic power, and harmonic voltage current

With 3rd order harmonic voltage phase difference.
For harmonic voltage, harmonic current, and har-

Hysteresis  monic power, detection can be performed using
Threshold J either of two selectable harmonic calculation meth-
: ods (effective value or content percentage).

. For total harmonic voltage distortion factor and total

50 Hz: 10 cycles, 60 Hz: 12 cycles,
400 Hz: 80 cyclfs

EVENT EVENT harmonic current distortion factor, detection can be

IN ouTt performed using either of two selectable THD calcu-
lation methods (RMS based or fundamental wave
based).

Harmonic power and harmonic voltage current phase
difference are detected using thresholds specified as
absolute values.
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Harmonic voltage distortion

Reference waveforms are formed above and below
the voltage waveform with an interval of 200 ms and
with an offset equivalent to the threshold value, then
detection is performed by comparing the measured
waveform with these reference values.

External event

External events are detected either when the external control terminal (EVENT IN) is shorted, or

at the falling edge of the input pulse signal.
Voltage and current waveforms can be recorded along with measured values upon occurrence of

external events.
[ (Jee Chapter 8.)

Manual event

Manual events are detected when and are pressed simultaneously.

Voltage and current waveforms can be recorded along with measured values upon occurrence of

manual events.
Activates when the external event is set to ON.

[_Edr details on the Event waveform recording method: Event Waveform Recording Method (page
216)

Timer event

A trigger event occurs after each specified interval, and is recorded as an external event.

Measurement
Start

\ Interval bl Interval bl Interval bl Interval >
EVENT EVENT EVENT EVENT
Recording Recording Recording Recording
Ext Ext

Ext Ext

@ HARDWARE
]
ORC

Select from pull- 1. Set the Timer function.
down menu EVENT
2. Set the output interval.
1 min, 5 min, 10 min, 30 min, 1 hour, 2 hour

OO~

Confirm

Upon starting measurement, timer  \when the event timer is selected, external event setting is
events are recorded at the predeter- forced ON.

mined intervals (output interval set-

ting) from the start time.




7.3 Event Settings

Events and thresholds are set in the SYSTEM screen.
[ Vdltage/Power Event Settings (page 122)

[_Hhrmonics Event Setting (page 126)

121
7.3 Event Settings

Measure- o
Order Positive and f
Item f ment : Channel selection*5 |Threshold*1
selection*2 selection*3 negative*4
Voltage frequency Approxi- PLL - OFF [0to 30 Hz
mately source
Voltage waveform com- 1,23 |- OFF |0to 100%
parison*6
External event*7 External |- OFF |None
Voltage transient + 1,2,3,4 |- OFF [0 to 2000 Vpk
Voltage swell 1,23 |- OFF |[Threshold: 0 to 200%
Voltage dip 1,2,3 |- OFF |Threshold: 0 to 100%
Voltage interruption 1,2,3 |- OFF |Threshold: 0 to 100%
RMS voltage value Upper limit/ Phase-to-n/ 123 |4 OFF [0to 600 Vrms
Lower limit line-to-line
RMS voltage (SENSE) Phase-to-n/ 123 |4 OFF [0to 60 Vrms
line-to-line
RMS current 1,23 |4 OFF [0to 500 A
Voltage waveform peak + 1,23 |4 OFF [0to 1.8kV
)
Current waveform peak + 123 |4 OFF [0to 2.0 kA
()
Active power + 1,2,3 |sum |OFF |0to3 MW
Reactive power + 1,23 |sum |OFF |Oto 3 Mvar
Apparent power 12,3 |sum |OFF [0Oto3 MVA
Power factor/Displace- PF/DPF + 12,3 |sum |OFF (0to1l
ment power factor
K factor 12,3 |4 OFF |0to 500%
Total harmonic voltage -FI-R 123 |4 OFF |0 to 500%
distortion factor
Total harmonic current -FI-R 1,2,3 |4 OFF |0 to 500%
distortion factor
Voltage unbalance factor - sum |OFF |(0to 100%
Current unbalance factor - sum |OFF |0to 100%
Harmonic voltage 1st to 50th RMS/% 1,2,3 |4 OFF |0 to 600 Vrms/O to 100%
orders*8
Harmonic current 1st to 50th RMS/% 1,23 |4 OFF |0to 5 kA/O to 100%
orders*8
Harmonic power 1st to 50th RMS/% + 12,3 |[sum |OFF [0to 3 MWI/0 to 100%
orders*8
Harmonic voltage-cur- 1st to 50th + 1,2,3 |sum |OFF |0to 180
rent phase difference orders*8

*2:
*3:

or -R).
*4

*5:
*6

*7.
*8:

*1: The recorded threshold is the multiplication result when the PT ratio and CT ratio are set.
For harmonics, settings can be made individually for each harmonic order.
Measurement settings can be selected for each type of measurement (inter-phase or line-to-line and -F

: Plus and minus (z) indicates that the threshold is specified as an absolute value.(Events are detected us-
ing absolute values regardless of whether they are positive or negative.)

You can set the thresholds individually for channels that are separate and not off.
: Hysteresis is selected as a percentage value common to all thresholds in the range 0 to 10%. Frequency
hysteresis is fixed at 0.1 Hz.
External events can be signals at any external event terminal, manual events or timer events.
Harmonic voltage, current, power and harmonic voltage-current phase difference are available up to the
10th order during 400 Hz measurements.
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7.3.1 Voltage/Power Event Settings

Make the following settings in the SYSTEM screen.

l EVENT

sYsT
(br3) | voLTace
bF3) | POWER

WIRING
VECTOR

U THD
I THD

[ Alitomatic setting of event thresholds (page 123)
@ [ Tuirning off all event thresholds (page 123)
[Setting the event recording sequence (page 124)
[ EVent ON/OFF settings (page 124)
[_Setting of event thresholds (page 125)
[ Sktting of event thresholds (voltage waveform
comparison) (page 125)
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Automatic setting of event thresholds

VOLTAGE

Auto Setup

_ Event thresholds (voltage, power, and harmonic) are set
For device automatically, taking the current measurement as the normal
anomalies value.

For system It is recommended that thresholds be individually adjusted,

monitoring using the thresholds set automatically for reference.

when no input is present.
See the Appendix for parameters and levels that are automatically
set with automatic event setting.

[ Cbntents of Automatic Setting of Events (thresholds) (page
228)

NOTE The thresholds set will be meaningless if automatic setting is used

Turning off all event thresholds

i

]
@ VOLTAGE
O
OO} Auto Setup
®

All event thresholds for voltage, power, and harmonics are

v
@ AL OEs turned OFF.
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H

@ VOLTAGE
o

©
Q)

®

® MEE.
@ HEEEEE

Setting the event recording sequence

Set the order in which events (voltage, ower, and harmonic)
are displayed in the event list screen.

FIFO Events are listed in the order in which they oc-
(Time order)  curred.
Priority Events are listed in worst-case order (according to

(Priority order) severity).

The event recording sequence cannot be changed during post-
measurement analysis.

The order of event priority cannot be changed.

See the Appendix regarding the internal setting of the event prior-
ity order.

[_EVent Recording Sequence (Priority Order) (page 230)

Event ON/OFF settings

@ VOLTAGE

e

Confirm

esc| Cancel

NOTE

(Example)
OFF Disables voltage swell event functions
ON Enables voltage swell event functions
Make threshold settings
Make threshold
settings

The thresholds for voltage swell, voltage dip, and voltage interrup-
tion are set as percentages of the nominal voltage.

[ Nbminal voltage settings (page 52)

Voltage equivalents of percentage values are displayed on the
right side.
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Setting of event thresholds

Upper settable threshold limit

VOLTAGE

Frequency

Currently set threshold

(Example)
@ °
é Make threshold Current measurement value
@ settings
‘ Lower settable threshold limit
' Thresholds can be set while viewing the current measure-
Confirm
ment values.
ESC] Cancel
Events set are stored internally regardless of the event ON/
OFF setting.
Event triggers are not effective until the event setting is set to
ON.

Setting of event thresholds (voltage waveform comparison)

VOLTAGE

Waveform currently being measured

U wave

I Upper side of waveform envelope level
(waveform comparison)

Lower side of waveform envelope level

ENTER|

When the measured waveform exceeds the waveform enve-

1

®
O®

Q

®

v

zﬂe{’t‘gﬁ tgreShOId lope level, a voltage waveform comparison event is gener-
g ated.
Confi Events set are stored internally regardless of the event ON/
onfirm OFF setting.
=a  Cancel Event triggers are not effective until the event setting is set to

ON.
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7.3.2 Harmonics Event Setting

Make the following settings in the SYSTEM screen.

EVENT

HARMONICS

[ EYent ON/OFF settings and threshold
settings (page 126)

Event ON/OFF settings and threshold settings

Set ON or OFF for each har-
monic order.

HARMONICS
(ON: numeric value)
® _ The numeric value indicates the
©MO) total number of harmonic orders
@ (Example) set to ON.
Selectthe harmonic OFF Disables voltage harmonic event functions
@@ order ON Enables voltage harmonic event functions

Harmonic order being set Bar (green) of harmonic
order being set

Threshold

@ Make threshold Y

. Urdeiy/ [V1

@ settings o g1 | 150.00 Threshold(red)

1.06 15.80 | l/
1.58 -
. Measured ovi i,
-@ Confirm value 1 L 20 38 in 58
Events set are stored internally regardless of the event ON/
Esc)  Cancel OFF setting.

Event triggers are not effective until the event setting is set to
ON.
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7.4 Event List Display

LIST

©

Displays events in a list.

[_Cbrrespondence between
Inter  CHL OU event settings and event
UTHD  CHi category display (page 128)

CH1 oUT
CH1

CH1 IN
CHI IN

g

[ Dlisplaying events (page 127)

[_Strolling through the event list (page
128)

[_Strolls the event details list. (page 128)

Information that is recorded as the event includes the start time, stop
time, the 3196 message, and event parameters set in the SYSTEM
screen.

A total of 100 events can be recorded.

If different multi-parameter events occur within the same 200 ms span,
they are grouped and displayed together as one event.

The contents of the multi-parameter events are displayed in the lower
part of the screen.

[_Sétting the event recording sequence (page 124)
The display sequence cannot be changed while the status is

sequence Change the display sequence while in the [SETTING] status.

®
v

Displaying events

LIST

CHL OUT

Select an event

Confirm

CHI IN
CHI IN
CH1L OUT

1
1
1
1

555
555
G

You can select an event and display detailed event informa-
tion and the contents of multi-parameter events.




128 I
7.4 Event List Display

Scrolling through the event list

@ Scrolls the event list up or down.

©

Scrolls the event details list.

@ Scroll the event details list up or down.
(@)

See the specifications for details.
[Measurements (page 183) _ _
Correspondence between event settings and event category display

Event setting Event category
Others Start Start
Stop Stop
Voltage Frequency Freq
Voltage waveform comparison |Wave
External event, manual event |Ext
Voltage transient Tran
Voltage swell Swell
Voltage dip Dip
Voltage interruption Inter
Power Voltage RMS upper limit Urms
Voltage RMS lower limit Urms
Current RMS value Irms
Voltage waveform peak U peak+ U peak-
Current waveform peak | peak+ | peak-
Active power P
Reactive power Q
Apparent power S
Power factor PF
K factor KF
Voltage distortion factor U_THD
Current distortion factor |_THD
Voltage unbalance factor U_UNB
Current unbalance factor I_UNB
Harmonic Voltage harmonic U_HARM
Current harmonic | HARM
Power harmonic P_HARM
Harmonic phase difference PHASE

For details on events displayed in the last column of the event list, see Text Event
Data-format Composition (page 227)
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About the event list sequence

Time order

Priority order

Example: When 35 events have occurred

No.1 Dip CH1 OUT ............ Indicates the event that occurred last.
(Events ended with occurrence of a voltage
dip.

N0.35 Start........cccccvveeveennn. Indicates the event that occurred first. (Start

event occurred.

Example: When 100 or more events have occurred
No.1 Dip CH1 OUT ............ Indicates the highest priority. (Events ended
with occurrence of a voltage dip.

No0.100 Wave CH1 ................ Indicates an event with low priority. (Voltage
waveform distortion occurred.

About the event list display contents

List display

Details display

Example: 96 06-16 12:47:58:253 U_THD CH1 IN

96 i Sequence number
06-16...cccciiiiiiiieiieeeeee e Month - Day

12:47:58:253 ..., Hour:minute:second:1/1000th sec
U THD e Total voltage distortion factor.
CHIL. i, Channel 1

IN e Measurement start and end times

Example: 2001/6/16 12:48:06.845 Swell CH1 OUT 108.52V 0:00:04.642

2001/6/16 ... Year/Month/Day
12:48:06.845......cccceeeevviiienns Hour:minute:second:1/1000th sec

Swell o Voltage swell

CHI..ooiiiiiiiicee e, Channel 1

OUT e, End of occurrence

108.52V .ovvieeiiiiiieeeeeeee e The worst value

0:00:04.642 .....ccovveiveeeeeieeirannn. Time from start of occurrence to end of occur-

rence
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7.5 Analyzing Event Occurrences

Analyzing event occurrences

| CHI IN

DF1 LIST 73 1 : CH1 oUT
S 07-73 CHL IN

CH1 OUT
CHL IN

@ Select an event
v

. Select an event to display a corre-
v Event details sponding waveform analysis.

ENTER Confirm

2882/08/04

* | 50.800 Afdiv | 50.808 A/div

Return to event list

you can switch to the other screens related to event occur-
rence (DF1[WAVE], DF2[VECTOR], DF3[DMM], and
DF4[HARMONICS]) by pressing the DF key.

NOTE From the event details screen (the event waveform screen),
EE————

[_Edr details on the Event waveform recording method; Event Wave-
form Recording Method (page 216)
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7.6 Analyzing Transient Waveforms

7.6 Analyzing Transient Waveforms

Displaying transients

1
DF1

OO

T

LIST

Select an event category from the event
list or an event indicated with “Tran” in
the detailed event list.

Confirm

(Display changes to
the VIEW screen
waveform display.)

225.88) ¥/div : 225.88 ¥/div

i 25.8808) Afdiv ¢ 25.808 A/div

TRANSIENT

Voltage waveform

i 225.88 V/div | 225.88 V/div

Transient waveform

; 1.888BkY/div

Display switches between the voltage/current waveform dis-
play and the voltage/transient waveform display each time

you press (F4).

Return to event list

|

f:60.045H=z

f:60.045H=z

Transient data
year/month/
day, time,
rising edge,
peak value,
duration
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7.6 Analyzing Transient Waveforms

Enlarging transient waveforms
Changing the Y-axis range of waveforms

SELECT i f:60.045H=

ENTER|

Select from pull-
down menu

1kV/div, 600V/div, 300V/div, 150V/div, 60V/div, 30V/div

To reduce the waveform, make the voltage value larger.
To enlarge the waveform, make the voltage value smaller.

J~eolf—3-0)

enter]  Confirm

ESC Cancel

Changing the X-axis range of waveforms

SELECT o 3 66-74 13 6. 250 - f:60.045H=

50us/div

e e e e --13:46286.258

j 5 g i g g ; i i T 1:9559KkV
e e A e N N R pr AL TE

ENTER : g g g g g ; : : : :

Select from pull-
down menu 25us/div, 50us/div, 100us/div, 200us/div, 400us/div

To reduce the waveform, make the X-axis range value smaller.
—— Confirm To enlarge the waveform, make the X-axis range value larger.

7 «0o{]—3-0)

ESC Cancel

Searching for transients

TRANS SEARCH
‘ (Search for transients

@@ Select transient from
voltage waveform

i 225.88 V/div | 225.88 V/div

ESC Return to event list

If the voltage waveform contains multiple transients, you can
select one of them.
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Scrolling through transient waveforms

®

SCROLL

Scroll through the

@ @ waveform

©

ESC

Return to event list

Scroll bar

‘<—>{ Waveform display range

- All recorded data (4 ms)

The waveform display range (white belt) on the scroll bar
indicates what interval of recorded data is displayed on the

screen.

When you scroll horizontally, you can check all the saved

waveform.

When you scroll vertically, you can change the offset posi-

tion of the displayed waveform.

|
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7.7 Event Monitor Display

MONITOR

NOTE

Harme et
U harm T harm

__Oof O

You can
occurred.

7.7 Event Monitor Display

LIST
MONITOR

U THD 1 THD KB

[ B —

monitor all events to determine whether and how many

If there are no events, 0 is displayed
If there are events, they are indicated in when and a count shows the

number of occurrences.

Voltage fluctuation event

Transient Transient overvoltage

Swell Voltage swell (rise in RMS voltage)

Dip Voltage dip (drop in RMS voltage)

Interruption Interruption (voltage interruption)

Waveform: Voltage waveform comparison

Other events

External Start, stop, external event, manual event
Basic RMS event

Frequency Frequency

Voltage RMS voltage, voltage waveform peak

Current RMS current, current waveform peak

Power Active power, reactive power, apparent power
Power factor Power factor (or displacement power factor)
Unbalance Voltage unbalance factor, current unbalance factor
Harmonic event

Voltage Voltage harmonic

Current Current harmonic

Power Power harmonic, harmonic phase difference

Voltage distortion
Current distortion
KF

Voltage THD-F (or voltage THD-R)
Current THD-F (or current THD-R)
K factor

* You can use this function even when the internal operation status is
[SETTING]. Threshold settings can be changed and you can check for
occurrence of events in the event monitor by making event settings with
[SYSTEM]-DF3[EVENT].

« When recording is started and the internal operation status changes to
[RECORDING], event monitoring starts after first clearing all events dis-

played.

* When recording is started, the start event occurs and External in Other
Events always changes to 1. Similarly, when recording is stopped, the
stop event occurs and External in Other Events always changes to 2.
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Using the External Control
Terminals

You can enter events and output event occurrence times with the external control terminals.

[ Yo P
——c— ] o =
== lollofld]
% g 1@@5@@ @D KEYLOCK POWER  =12V-4.5A
(" EVENT Y [ EVENT )
IN  GND OUTGND
@% ’a’a’a Trigger input terminal
Anomaly » | HIOKI
search device L » | MEMORY HICORDER

Event input terminal (EVENT IN) Event output terminal (EVENT OUT)

Synchronized with an external device,
analyzes anomalies.

When you connect the search signal of
an anomaly search device such as an
overcurrent relay to the event input ter-
minal, you can analyze anomalies using
this device according to anomaly opera-
tions.

[ 8P "Event Input Terminal (EVENT
IN)" (page 137)

This informs an external device when
anomalies occur within the 3196.

When you connect the event output ter-
minal to a trigger input terminal on a
waveform recording device such as the
HIOKI MEMORY HiCORDER, you can
record waveforms on the MEMORY
HICORDER when events occur.

81 "Event Output Terminal (EVENT
OuUT)" (page 138)

To avoid damaging this _device, do not input voltages outside the
ranges -5 V to +10 V (EVENT IN) or 0 to +50 V (EVENT OUT) to the
external control terminals.

/\CAUTION

When using the external control terminals, to use the external event
function, set the external event to ON.

> I o

NOTE

VOLTAGE

sysTeEm )| — (i
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8.1 Connecting to the External Control Terminal

8.1 Connecting to the External Control Ter-
minal

ACA UTION To avoid electric shocks, use the specified material only.
e ————————EREY

Connecting to the external control terminals

@ Electric wires that conform with:
single line $1.0 mm (AWG 18) or twisted line 0.75 mm?
% Supported electric wires:
single wire ¢0.4 to 1.0 mm (AWG 26 to 18)
twisted wire 0.3 to 0.75 mm? (AWG 22 to 20)
diameter of search wire: more than ¢0.18 mm

Standard direction wire length: 10 mm
Tools that conform to button operations:

g flat head screwdriver (width of blade-tip: 2.6 mm)
PN 1 - -
/ . Press down on the terminal button using a tool,
such as a flat head screwdriver.
Z 2 While the button is depressed, insert the wire
6 into the electric wire connection hole.
7 3 Release the button.

R
\ The electric wire is locked in place.
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8.2 Event Input Terminal (EVENT IN)

/\CAUTION

By inputting a signal to the event input terminal externally, you can
make the 3196 determine that an external event has occurred when
that event was input. Similar to other events, you can record the volt-
age and current waveforms, and the measurement values of external
events.

Using this device, you can analyze power anomalies that occur in
other electrical equipment.

To avoid damaging this device, do not input voltages outside the range
-5V to +10 V to the external control terminals.

Signal input methods

Short-circuit the terminal or input a pulse signal.

Use the event input terminal (EVENT IN) and the ground terminal
(GND).

You can control the event input terminal by short-circuiting the terminal
(active LOW) or dropping the pulse signal (2.5 V).

Input voltage HIGH level: 3.0 to 5.0 V

range LOW level: 0to 1.0V
Maximum input -5to 10V
voltage
5V

EVENT IN Longer than 30 ms

HIGH = 10 kQ
25t05.0V
GND EVENT IN

LOwW <> 1 kQ

0to1.0V Longer than 30 ms

GNDO7—7;7_
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8.3 Event Output Terminal (EVENT OUT)

8.3 Event Output Terminal (EVENT OUT)

/N\CAUTION

This indicates events occurring externally that were synchronized with
events occurring internally for this device.

Usage method 1.
Connect a warning device.

This is a good way to output warnings when events such an interrup-
tions occur.

Usage method 2.
Connect to the trigger input terminal of a MEMORY
HiICORDER.

This allows you to record waveforms on the MEMORY HICORDER
when events occur on the 3196.

You can record between 14 and 16 waveforms on the 3196 when
events occur. When you want to record waveforms for a longer period
of time, use the 3196 in parallel with a MEMORY HIiCORDER.

To avoid damaging this device, do not input voltages outside the 0 V to
+50 V range to the external control terminal.

Signal output method
If an event occurs in the 3196, a pulse signal is output.

Use the event output terminal (EVENT OUT) and the ground terminal
(GND).

Output signal Open collector output (includes voltage output)
Active LOW
Output voltage HIGH level: 4.5 t0 5.0 V
range LOW level: 0to 0.5V
Pulse width LOW level: longer than 10 ms
Maximum input 0 to 50 V, max. 50 mA, 200 mW
voltage
Longer than 5V
[ ———— 200 ms
EVENT OUT < S
45t05.0V t ‘ * ‘
GND
Low = EVENT OUT

0to 0.5V Longer than 10 ms

77;.0GND
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8.3 Event Output Terminal (EVENT OUT)

Event output can be set for Smart Site.

SPAW

@ HARDWARE
®
O
Select from pull-
1

®

©

v

down menu

Decided

WTEW

TIME PLO

f
I,

MEM
Set the event output for Smart
Site 2885/89/02
11:808:18
Set Smart Site to ON.
ON
* When the START event occurs, no pulse signal (Low pulse) is output
NOTE from the event output terminal.
e

The pulse signal from the event output terminal is held Low for about 1.5

seconds.

When events occur continuously (but for not more than 1.5 seconds
each), the signal goes Low at the first event, and remains Low until about
1.5 seconds after the last event occurs (see diagram below).

S R W

Ir

External ¢ FOULSSEC ) ahout1.5sec.

47
event output

about 1.5 sec.
4+—————————p

about 1.5 sec.

about 1.5 sec.
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Loading and Saving Settings
and Measured Data

3196 :
Internal :
memory . PC card

Card type: Flash ATA types | and Il
Slot: TYPE I x 1

Format: MS-DOS format

Memory: must support up to 528 MB

e Possible/ X: Not possible

Saving and loading data

Using the internal memory |Using a PC card

[(page 142) [(page 143)
Saving setting conditions ® (up to 10 files) °
Loading setting conditions ° e
Saving measured data X e

(binary format/text format)

Loading measured data X °

(binary format only)
Saving screen data X e

(BMP files)

The PC card interface installed in this device conforms to PCMCIA (Personal Computer
Memory Card International Association) and JEIDA (Japan Electronic Industry Develop-
ment Association) PC card standards.
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9.1 Using the Internal Memory

You can only save or load setting conditions in the internal memory.

Save setting conditions

SYSTEM
|

MEMORY

*
@ Select which number
@ (No.) to save

B_LINE
C_LINE

@ SAVE

. The setting conditions currently set on the 3196 are
Inputs the file saved.
®®@ n(fme Settings file names: up to 8 alphanumerical charac-

ters

)\ 4
@ @8@: Selects characters

When you want to delete a character: - Confirms the selected character

@ DiELET= @ : Backspace (deletes the selected character)

The date and time are recorded automatically.

If you do not input a file name, the setting conditions are not
NOTE saved.
E—— e

Loading setting conditions

MEMORY

Select which number
(No.) to load

; 4 11 AC_LOADS
HotD The selected setting conditions are loaded.

Even if you save 10 condition settings, the possible
recording time of the time series graph (page 84) does
not change.

You can only use the internal memory when the operation status
NOTE is [SETTING].
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9.2 Using a PC Card

9.2.1 Selecting a PC Card

/\WARNING

/\CAUTION

PC card capacity

Hioki options

Use only PC Cards sold by Hioki.

Compatibility and performance are not guaranteed for PC cards
made by other manufacturers. You may be unable to read from or
save data to such cards.

» Make sure that you format your PC card before using it. (Format the
PC card using this device or the PC.)

« When formatting a PC card on a PC, use the FAT-16 format. Format-
ting a card in FAT-32 format may result in incompatibility problems.

» Do not use the device where oil permeates the air or in dusty places.
Doing so can cause the deterioration of connector contacts.

The 3196 has an internal memory of 13 MB. Therefore, to transfer all
the data recorded in the internal memory to a PC card, you need a PC
card with a capacity of 13 MB. We recommend that you use a PC card
with a capacity of 13 MB or more.

PC cards (includes adapter)
e 9726 PC CARD 128M
e« 9727 PC CARD 256M
e« 9728 PC CARD 512M
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9.2.2 Inserting and Removing the PC Card

* Trying to force the PC card upside down or to insert the wrong end
ACAUTION into the PC card slot, you can damage the PC card and/or this
T e —— device.

* When you are not using a PC card, keep the cover closed.

» While the PC card is in use, - is displayed on the upper left of
this device. Do not remove the PC card from the device while this

mark is present. Doing so can damage the data on the PC card.

» When transporting this device, remove the PC card and close the

cover.

7~

Inserting the PC card

Open the cover and insert the PC Card with the
arrow facing up and in the direction of the PC card
slot, as far as it will go.

Press the eject button and pull out the PC card.
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9.2.3 File Types

Three types of data can be saved to PC cards, including settings,
measured data (binary and text format), and screen copy files.

When using Model 9624 PQA HIiVIEW or 9624-10 PQA HiVIEW PRO
software, save in binary format.

e : Possible/ X: Not possible

. [SYSTEM]- Open- | Using
File and Format DIrectory ' e name DFA[PC-CARD] | ingfiles | with the
name on a PC | 9624,
SAVE |LOAD 9624-10
Setting Files iR SET e e X X
B+Date+No.*8 | 3196SET.SET ® e X ®
Measure- | Binary | Time-series data *4 96INTVL.ITV e ) X e
mentData | format
Files Event data *1, *3 96EVTO00.EVT to ® ® % ®
96EVT999.EVT
Transient wave- 00000000.TRN to ° ° % °
form data *1 99999999.TRN
éa\lléo*lllEC Flicker 96FLICK.FLC ° ° % °
Voltage fluctuation 96DV000.WDU to ® ® % ®
event data *3,*7 96DV999.WDU
Text | Time-series data *1| T+Date+No.*8 | 96INTVL.CSV e X ®
format
Event list data *1, *5 96EVENT.TXT e X ®
ﬁ;{ngllEC Flicker 96FLICK.TXT ° x ° %
Voltage fluctuation HHMMO000.CSV to ® % ® %
event data *3,*7 HHMM999.CSV
Event waveform TEXTWAVE | HHMMOO0O.CSV to 10 % ® %
data *2, *6 HHMM999.CSV *9
Screen Hard Copy Files H3196000.BMP to ° x ° %
H3196999.BMP

Storage method

*1: Files can be saved automatically every interval, or saved manually after measurement
is finished (when analyzing).

*2: After measurement is finished (when analyzing), you can select an event number and
save files manually.

*3: Data is saved automatically each time an event occurs.

Creating event files

*4: A file is created for each event (event data for all of the contents, including waveforms).
*5: All of the events in the list are created within a single file.

*6: A file is created for each event waveform.

*7: A file is created for each voltage fluctuation event graph.

Creating a directory and file name

*8: A number is appended to files each time measurement data is saved.
Binary format: B (1 digit)+ Date (5 digits: year, month, day) + Number (2 digits: 01 to 99)
Text format: T (1 digit)+Date (5 digits: year, month, day) + Number (2 digits: 01 to 99)
The year is indicated using the lowest digit. (Example: The year 2002 is represented as
“2")
3196SET.SET is also saved in the text format directory.

*9: HH indicates hours, and MM indicates minutes.

*10: EVENT_DF1[LIST] is used to save event waveform data in text format.




146 I

9.2 Using a PC Card

Binary format file capacity

Time-series data

Flicker data

Event data,
Transient waveform
data,

Voltage fluctuation
event data

Setting files

Indicates the capacity of a time-series data file (.ITV) that can be
saved at one interval.

Power P&Harm ALL DATA
MAX/MIN/AVE 720 bytes 10320 bytes 15216 bytes
AVE 264 bytes 3464 bytes 5096 bytes

The capacity of data attached to one file is 128 bytes.

Example of calculation:

Capacity of data file acquired in one-hour measurement with recorded
data set to Power, MAX/MIN/AVE; and interval to 1 second

File capacity=128(bytes)+720(bytes)x60(sec)x60(min) = 2,532K bytes

Indicates the capacity of a flicker data file (.FLC) saved in one calcula-
tion operation.

Data capacity per calculation operation
AV10 Flicker 4 bytes (every minute)
IEC Flicker 24 bytes (every ten minutes)

The capacity of data attached to one file is 136 bytes.

Example of calculation:

Capacity of a data file acquired in one-hour measurement of AV10
flicker

File capacity = 136(bytes) + 4(bytes) x 60(min) = 376 bytes

Indicates the capacity per each.

Type of data Capacity per each
Event data (.EVT) 81K bytes
Transient waveform data 17K bytes
(-TRN) 34K bytes

[For two transient waveforms (positive and
negative) within one waveform]

Voltage fluctuation event data |15K bytes

(.WDU)

The setting file (3196SET.SET) capacity is 3.81 Kbytes.

Formatting PC cards

PC-CARD

ENTER

>
=
‘m

During formatting, “Now Formatting!” is displayed.

When the message disappears, formatting is finished.

Note that formatting a PC card deletes all the files it contains and
that they cannot be retrieved.
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9.2.4 Saving and Loading Files

[ Ldading files (page 147)

[ Deleting files (page 147)

[Mhbnual saving of the settings files (page 149)

[ Mhbnual saving of the measured data files 1 (Binary format: all data) (page 149)

[Mhnual saving of the measured data files 2 (Text format: time-series/ event list/ flicker data)
(page 150)

[Mbnual saving of the measured data files 3 (Text format: event waveform data) (page 152)

[Measured data files Auto-save (binary format) settings (page 152)

[ Alito-save measured data file (text format) settings (page 154)

[_Streen hard copies (auto-copy) (page 155)

[_Streen hard copy (manual copy) (page 155)

When you select the PC card and there is no PC card present, the
following error message appears.

“No card”

To make this error message disappear, press any key.

NOTE Before saving or loading data using a PC card, insert the PC card.
e

Loading files

PC-CARD

@ Select which num-

®®® ber (No.) to load

@ When loading settings files, select.SET files.

When loading measured data files, select a directory <DIR>
that begins with “B”.

ported by this device to the 3196.

* When loading binary files, the maximum time it takes to load a
file is approximately 5 min.

* The 3196 cannot read binary format files that exceed 13MB in
size.

» We recommend the use of the 9624 PQA-HIVIEW to analyze
binary format files.

NOTE * You cannot load text files, BMP files, or file of a type not sup-
EE—— e

Deleting files

e . Date Time Name
11:47:09

-
@8@ Select a number (No.) 5 ::. 5t

@ ez

ENTER
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About file types and saving

Settings file

Manual save

Auto-save

When the operation status is [SETTING]:

When the operation status is [ANALYZING]:

@ Fccro-@EE> @ EEE

[Mhnual aving of the settings files (page 149)

f

g

Measured data file

Manual save

Auto-save

(Binary format: Time-series, Event data)

When the operation status is [ANALYZING]:

L@ SAVE gd@)BINARY FILE

(Saves all data in the internal memory, including settmgs files.)

PC-CARD

E

[Mhnual saving of the measured data files 1 (Binary format:
all data) (page 149)

Saving when the operation status is

[RECORDING]:

(Auto-save settings required)

[Measured data files Auto-
save (binary format) settings
(page 152)

(Text format: Time-series, Event list data)

When the operatlon status is [ANALYZING]

o G-
SEEDE G- G IEHE

[Mhnual saving of the measured data files 2 (Text format:
time-series/ event list/ flicker data) (page 150)

PC-CARD

Saving when the operation status is

[RECORDING]:

(Auto-save settings required)

[ Alito-save measured data file
(text format) settings (page
154)

(Text format: Event waveform data)
When the operation status is [ANALYZING]:

D) iaveroisave

mbnual saving of the measured data files 3 (Text format:
event waveform data) (page 152)

LIST

Screen copy file

Manual save

Auto-save

Saving is possible when the operation status is [SETTING],
[RECORDING], [ANALYZING].

HARD
COPY,

Saving when the operation status is
[RECORDING]:

(Auto-save settings required)
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Manual saving of the settings files

You can save or delete settings files when the
operation status is [SETTING] or [ANALYZING].

_::::-E

PC-CARD

SAVE
SETUP FILE

For [ANALYZING] only 1 setting conditions currently set on the 3196 are
(Does not need to be se-

lected for [SETTING].) saved.

@—@-@— G

Settings file names: up to 8 alphanumerical charac-
@®® ters
Inputs the file name @3@ :Selects characters

. Confirms the selected character
SAVE @ : Backspace (deletes the selected character)

The date and time are recorded automatically.

@+—

NOTE If you do not input a file name, the setting file is not saved.

Manual saving of the measured data files 1 (Binary format: all data)

You can save files when the operation status is
[SETTING].

PC-CARD

@ SAVE Measured data files contain all data files, and can be

saved with settings files in the directory.

Files are saved automatically, with “B” (indicates
BINARY FILE

binary format) and the date and No. used as the direc-

tory name.
* When saving files in binary format, the maximum time it takes to save
NOTE files is 4 min 30 s.
—————

When data is saved in binary format, all data in the analyzer’s memory
is saved to PC card.

« Upto 13 MB in internal memory can be used to store data.
(Time-series data capacity: 5 MB + event data capacity: 8 MB)
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flicker data)

H

Manual saving of the measured data files 2 (Text format: time-series/ event list/

You can save files when the operation status is
[ANALYZING].

1
PC-CARD

If you want to change or confirm the files that have

NOTE

®® Select item to
@ save

& EE

\ 4
@ TEXT FILE

been saved, make settings in the text item selection

for the AutoSave setting is the same as the item

0 In [SYSTEM]-DF2[RECORDING], the item selected

i TEXT Select selected to be saved in the TEXT setting.

P oy
O

CH1/C
O

11:47:51

Measured data files contain time series graph data,
event list data, and flicker data files, and can be
saved with settings files in the directory.

Files are saved automatically, with “T” (indicates text
format) and the date and No. used as the directory
name.

In this case, the only measurement data that can be saved to PC

card in text format is time series data and event list data.

Event list data and flicker data are saved manually regardless of

the TEXT save options.

[ Téxt Time-sequence Data-header Composition (page 223)

[_AV10 Flicker Text Time-sequence Data-header Composition
(page 226)

[_IEC Flicker Text Time-sequence Data-header Composition
(page 226)

[_TExt Voltage Fluctuation Event Data Format Composition
(page 226)

[ Tdxt Event Data-format Composition (page 227)
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The following table lists the items saved by settings (ON) made on the [Text Select] screen.

ltem RMS fluctuation graph Voltage fluctuation graph
Normal Item |Freq Frequency -

Urms RMS voltage value RMS voltage value

(Voltage fluctuation)

Upk Voltage waveform peak -

Irms RMS current value -

Ipk Current waveform peak -

Uave Average RMS voltage value -

lave Average RMS current value -
Power Item |P Active power -

S Apparent power -

Q Reactive power -

PF Power factor/Displacement power factor |—

KF K factor -

Uunb Voltage unbalance factor -

lunb Current unbalance factor -

UTHD Total harmonic voltage distortion factor |-

ITHD Total harmonic current distortion factor |—
Harmonics |U Harmonic voltage -

I Harmonic current -

P Harmonic power -

angl Harmonic voltage-current phase differ- |—

ence

iU Inter-harmonic voltage -

il Inter-harmonic current -

iUth Total Inter-harmonic voltage distortion |-

factor
ilth Total Inter-harmonic current distortion  |—

factor
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Manual saving of the measured data files 3 (Text format: event waveform data)

You can save files when the operation status is
[ANALYZING].

g

.---.
(DF1) LIST
é 31109 15:42 CH1 OUT
11-89 47 ter  CH1 OUT
®®® Select No. 1-09 15: UTHD  (HL IN
v Waveforms that can be saved differ depending on

@ the connection method setting.

(Wiring method)

1P2W............ ul, 11
To save mu|tip|e event wave- 1P3W............ ul, uz2, 11, 12
forms, select a number (No.) 3P3W2M...... u1,uz, 11, 12
and repeat the process. 3P3W3M....... Ulto U3,11to I3
3P4W............ Ulto U3, 111013

4ch:AC/DC.... U4, 14

[ Tdxt Event Waveform Data Format Composition (page
226)

NOTE Transient waveform data cannot be saved in text format.
—— e 4

Measured data files Auto-save (binary format) settings

Measured data files are automatically saved to the PC card with the
internal memory.

1

RECORDING

o-®@

@ @ 1. Set the interval. (page 84)

® 1, 3, 15, or 30 sec, 1, 5, 10, 15, or 30 min, 1/2 hour

1 2. Set the auto-save format.
BINARY

® Select from pull-

@ down menu

v

» Measured data files are saved automatically during recording.
NOTE While auto-save is in progress, do not remove the PC card from
T — the 3196.

e In binary format, all measurement data of the 3196 can be
saved to a PC card.
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When the memory is full
When the memory is full: STOP

Measurement .
starts Internal memory ~ Measurement forcibly ends

capacity
Internal memory Recorded data

PC card Recorded data
\ PC card capacity ///

When the memory is full: LOOP

Measurement Internal memo Measurement stops
starts | Old data is capacity ry Measurement is stopped forcibly
deleted / \¢ after one month of measurement.

Recorded data

Current time

When the PC card memory becomes full,
recording to the PC card stops.

[Séttings when the memory is full
(page 83)
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1

Auto-save measured data file (text format) settings

Measured data files are saved to the PC card with the internal
memory automatically.

RECORDING

o-®@

-@®

ENTER|

down menu

ENTER|

-@4—'-@@-.

®
©

®
©

v
@) RETURN

NOTE

O) 1. Setthe interval. (page 84)
1, 3,15, 0or 30 sec, 1, 5, 10, 15, or 30 min, 1/2 hour
2. Set the auto-save format.
TEXT

Select from pull-

SELECT

Select the item
to be saved.

Harm

Select the item to be saved.
The item currently selected appears to the right of the auto-save set-
tings.

OFF: Not selected as an item to be saved as text.

ON: Selected as an item to be saved as text.

Files are saved automatically when the internal operation status be-
comes [RECORDING].
Measured data files are saved automatically during recording.

While auto-save is in progress, do not remove the PC card from the
3196.
In this case, the only measurement data that can be saved to PC card
in text format is time series data, event list data, flicker data, and volt-
age fluctuation event data.
Event list data, flicker data, and voltage fluctuation event data
are automatically saved as text, regardless of the TEXT save
options.
Settings selected in the text save options also apply when manually
saving text data.

[Mhbnual saving of the measured data files 2 (Text format: time-
series/ event list/ flicker data) (page 150)
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Screen hard copies (auto-copy)

Measured data files are saved to the PC card with the internal mem-
ory automatically.

1

@ HARDWARE
1 . .

® RS-232C 1. Setthe RS connection point.
OMO] OFF or MODEM

© 2. Set to Timer.

ENTER COPY

3. Set the interval.
Select from pull- 1 min, 5 min, 10 min, 30 min, 1 hour, 2 hour

down menu

Files are automatically copied to the PC card when the

Sl internal operation status becomes [RECORDING].

«[f«eo{]

Display the screen that you
want to hard copy.

I 155

Screen hard copy (manual copy)

Display the screen that you  You can copy screens as BMP files to the PC card manually.
want to hard copy. The RS connection point settings are the same as for auto-copy.

!

Saves the displayed screen when pressed.

copies allow you to output them to a printer.
When the RS connection point is set to PRINTER, a hard copy of the
screen image is sent to the printer. For other settings, the hard copy
of the screen image is sent to the PC card.

NOTE In addition to being able to save screen images to the PC card, hard
e
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10.1 Setting the Printer

Using a Printer

Using the device's RS-232C interface,
you can create hard copies of the 3196

SIARTaN;

22 screen with the 9670 PRINTER.

ole

SO For details about the printer and printer

OOOO connection methods, Refer to the Quick
00000 OO@ Start Guide.

10.1 Setting the Printer

Setting the RS-232C connection point on the printer

@ HARDWARE
e
|

(RS connection point) 1.

Set the RS connection point to PRINTER.

Select from pull- PRINTER ]

1 down menu 2. Set the appropriate baud rate.

@ 9600 bps (slow printing), 19200 bps (mid-speed printing),
@ 38400 bps (fast printing)

When this is set to PRINTER, lights on the upper left
of the screen.

Confirm
| |

9670 PRINTER is set

automatically The baud rate and language set on this device as well as
. the auto-power off function (OFF) are set automatically in
@ After the printer is set automatically, turn off the printer

and turn it on again before using it.
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10.2 Printing Hard Copies

The two methods to create screen hard copies with the printer are to
output them automatically at each set interval or to output them manu-
ally by pressing the HARD COPY Kkey.

Printing screen images automatically

1

@ HARDWARE

RO

®

|
Select from pull- 1. Set the Timer function.
@ down menu COPY
® 2. Set the output interval.
1 min, 5min, 10 min, 30 min, 1 hour, 2 hour

Confirm 3. Set the connection point to PRINTER.

¥

Display the screen that you Screen images are output automatically when the internal
want to hard copy. operation status becomes [RECORDING].

Printing screen images manually

Display the screen that you
want to hard copy. Set the RS connection point to PRINTER.

!

Prints the displayed screen when pressed.

save screen images to the PC card.
* When the RS connection point is set to PRINTER, a hard copy of the
screen image is output by the printer. (When screen images can be out-

NOTE « In addition to being able to print screen images, hard copy allows you to
e

put to the printer, lights on the upper left of the screen.) For all
other settings, the screen image is saved to the PC card.
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Using the PC

This device is equipped with an RS-232C and a LAN interface.

This section describes how to use the device with a personal computer (hereafter, PC) and a
modem. You can use the HTTP server function *1 installed on this device or “Down96” (CD-R)
with all the connection methods outlined above.

Connecting the 3196 to a modem using the RS-232C cable and con-
trolling/observing the 3196 from a PC connected to the modem

RS-232C Public circuit RS-232C
3196 Modem | o o o = = Modem
Straight Straight
cable cable

[ 11.1 "Remote Control and Monitoring Using an RS-232C Interface" (page 160)

Connecting the 3196 to a hub using a LAN cable and controlling/
observing the 3196 from a PC

10Base-T LAN 10Base-T
3196 Hub o o o — — — Hub
Straight Straight
cable cable

[11.2 "Control and Monitoring Using a LAN Interface" (page 167)

Connecting the 3196 to a PC with a LAN cable and controlling/observ-
ing the 3196

10Base-T
3196

Cross

[ 11.2 "Control and Monitoring Using a LAN Interface" (page 167)

*1:The HTTP server function allows you to use any Internet browser, such as Internet Explorer,
without having to install dedicated software on the PC to make settings for the 3196, acquire
data, or observe screens.

[_HTTP Server Function (page 174)
*2: The Down96 download application software downloads data files stored in internal memory

of the main unit or on the PC card to a PC.
For details, see the Down96 Instruction manual (CD-R version)

» Both the RS-232C and LAN interfaces use TCP/IP. The connection protocol to use TCP/IP with an RS-
232C interface is PPP (Point-to-Point Protocol). Note that you cannot use programs such as Visual

Basic to send commands or receive data on the PC.
* Windows, MS-Excel, MS-Word are either registered trademarks of Microsoft Corporation in the United

States and other countries.
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11.1 Remote Control and Monitoring Using
an RS-232C Interface

1 The instrument can be connected by RS-232C cable to a modem for
remote control and monitoring from a PC at another location using a
public circuit or cellular phone.

When the modem is directly connected to a public circuit:

(example) RS.230C
RS-232C Public circuit -
3196 Modem |_ _ — — — — Modem
Straight Straight
cable cable

When the modem is connected to a cellular phone:

Cellular phone

fexample) PC card
3196 RS-232C MViodem [] o [] I|—|I
Straight -
cable Connection Cable e

Procedure

1. Connect the instrument to the modem using an RS-232C cable (straigh

cable).
Connecting method: Refer to the Quick Start Manual.

[11.1.1 "Connecting a Modem" (page 161)

2. Make connection point settings on the 3196
[ 11.1.2 "Setting the 3196" (page 162)

3. Make 3196 settings using the PC
[ 11.1.3 "Setting the PC" (page 163)

cally by the 3196. After reading the user's guide of the PC and modem,
set the modem connected to the PC.

« Make the same connection and settings even when using the HTTP
server function or Down96 download application software.

NOTE « The settings of the modem connected to this device are made automati-
e
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11.1.1Connecting a Modem

Connecting method: Refer to the Quick Start Manual.

When the modem is directly connected to a public circuit:
Prepare the following:

Modem for this
instrument

A computer modem capable of speeds of 28.8 kbps or more is recom-
mended.

A modem that connects to an RS-232C terminal (modems that connect to
a USB port or PC card slot cannot be used).

Operationally confirmed model: DFML-560E, made by I-O Data

Note: Models that do not have an “E” appended to the end of their model
number use a USB connection, and cannot be used.

RS-232C cable Straight cable (supplied with the modem)

Modem for the PC Any modem that can be used with the PC you are using.

If your PC supports USB connections: USB connection-type modem

If your PC does not support USB connection: RS-232C connection-type
modem

Notebook computer: PC card-type modem

Make sure that a phone line is available both at the place where you set up the 3196 and near
your PC.

When the modem is connected to a cellular phone:
Prepare the following:

Modem for connect-
ing a cellular phone
to the Instrument

Mobile communications adapter
Model certified for use: TD-PHSAD, made by Telecom Electronics

RS-232C cable Straight cable (supplied with the mobile communications adapter)

Cable for connecting
a cellular phone to
the modem

PHS cellular cable (when using a PHS cellular phone)
PDC cable (when using a cellular phone)
(these cables are supplied with the mobile communications adapter)

Modem for the PC Any modem that can be used with the PC you are using.
Model certified for use with a PC card when connecting the cellular phone
to your PC:

PCMA-9664P2, made by I-O Data

Further, to avoid using up the remaining battery life for your cellular phone during use, make sure
you use the optional charger or AC adapter for the cellular phone you are using.

When using the “remote control application” of the HTTP server function, it is recommended that
you connect a PHS cellular phone with a fast communication speed to your PC instead of con-
necting a regular cellular phone.
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11.1.2 Setting the 3196

Configuring connection on the instrument

Connection point Baud rate Communication monitoring time

HARDWARE

o MR

@-

=

©)

1. Set the connection point.
MODEM

Select from pull- -
down menu When the connection point is set to MODEM,

lights on the upper left of the screen.

2. Set the baud rate.
57600 bps and so on

3 4@@-@-

Confirm

Cancel

m
w
(2]

3. Set the communication monitoring time that applies to
modem connection.
The analyzer is automatically disconnected after the
selected amount of time (OFF, 1 min, 5 min, 10 min,
or 30 min) elapses without communication.

Except for the baud rate, all RS-232C settings are set as
follows.

Transfer method: Asynchronous communication method
Data length: 8 bits

Parity check: None (OFF)

Stop bit: 1

Flow control: None

Delimiter (sender, receiver): CR+ LF

As an example, assume the IP address is to be set to
192.168.0.1, and the subnet mask is to be set to
255.255.255.0.

[ TCP/IP settings on the computer (page 165)

After you have finished making the instrument settings, turn on the
modem'’s power.
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11.1.3Setting the PC

Example
Computer OS Windows 98

Modem When using the DFML-560E made by I-O Data

Dial-up settings

1 | Open [Dial-Up Networking].

Fie [ Yew G0 Faemeess  Helw .

- = (1l '}: —‘;'I __} =4 }'< -

Us G Coy  Pee | Undi | Dos
dgebma [ 2, Compnie 5
= > = = @ [
=P 1 Flapin B | Windiferg —" Y I, Lo
My
Computer @ &) 8
e ] M-'rl.l_r.ip-..
Salact an ibeen Lo T
wemww #n descnphar
[ 20 iy Croarguiter

2 | Set the dial-up

M ake New Connection x|

Tvpe a name far the computer wou are dialing:

IMy Connection

Select a device:

Standard SE000 bps 90 Modern

Configure... I

T

Cancel I

I Mext > I

< Hack

Standard 56000 bpz V90 Modem Froperties

General I Connection I O ptioks I

tTndald BEO00 bps %30 Moderm

Part:

Communications Port [COR 1) P

— Speaker volume

uli3 —_— a
,J n

— M azimum speed

[115200 Fl
I | Bl contest atthis speed
Ok I Cancel I

connection point.

Double-click [Dial-Up Networking] in
[My Computer], and open [Make New
Connection].

Type a name (example: [3196]) in the
connection name entry box.

For the modem setting, select the
modem that is to be used.

* If you cannot select the modem here,
install the modem beforehand.

Press the [Configure...] button.

The Properties screen opens.

Check that the communications port is
the same port that the modem is con-
nected to.

Select [115200] bps (normal) as the
maximum speed.

Check that the setting is correct, and
click the [Connection] tab.
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Standard 56000 bpzs Y390 Modem Froperties

General  Connection I Dptionsl

— Connection preferences —— h
Data bits:  [EARRRGG— < |

I Mane LI
Stop bits: I 1 LI

— Call preferences

Parity:

W /ait for dial tone before dialing
7| Eancellthe callif net connected within I zeCcs

I Wiecanmect & calllifid e fan mere tharr I s

Part Settings... I l Advanced... I
Ok I Cancel I
Make New Connection

Type the phaone number for the computer yow want to call:

g g Area code: Telephane nurnber:
ﬂ» | ] =1 - [40asioa
Country or region code:
IUnited States of America [1] LI

|

I Mest » I

< Back

Cancel |

Ea Dial-Up Metworking

J File Edit “iew Go Favortes Connections Help

J@,».@‘ S‘é&
Back Fanward Up Create [oryal Cut Copy

| Address |z8] DialUp Networking

=

3 Connection
Dial-Up
Networking
3196 I 3
General I Server Tupes | S rripting | tualtilinnk, |
sy
=
— Phorne nurnber:
Area code: Telephone number:
(EEE] = - [#093103
Country code:
IUnlted States of Amernica [1) LI
¥ Use area code and Dialing Properties
— Connect using:
[ Standard 55000 bps 30 Madem =1
LConfigure... |
Ok I Cancel I

3 | Set the connection properties.

7.

Set the [Connection preferences] as
shown on the left.

* Normally, do not change [Call prefer-
ences] from the default setting.

If you are having trouble connecting using
an internal line, remove the [Wait for dial
tone before dialing] checkmark and try
again.

Confirm that the settings are correct
and press the [OK] button, then press
the [Next] button in the original dialog
box.

Type the telephone number that the
instrument is connected to.

After you have entered the number,
press the [Next] button. To complete
Dial-Up Networking settings, press
the [Finish] button on the final confir-
mation screen.

A "3196" connection icon is created.

Right-click the [3196] icon, or select
[Properties] from the [File] menu.

A dialog box like the one in the diagram

opens.

Confirm the telephone number for the
3196.
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3196 i E3
General Server Tupes | h Multilink |

Type of Dial-Up Server:

IF'F'F': Interret, wWindows NT Server, windows 93 LI

—é&dvanced options:
™ Log on ko network

™ Enable software compression
™ Require gncypted password
™ PRequire data encrpption

™ BRecord a log file for this connection

—Allowed network, protocols:
™ MetBELI
W ICPiP  <— TCEAP Settings... |
ak. I Cancel I
TCP/IP Settings
€ Server azsigned |P address
Of =

IP addrezs: |192.158. o . 2 |

= Server assigned name server addresses

" Specify name zerver addresses

Erimman BE: | oo o 0

Secandan DS o, o0 _ o, 0

Secandan wWiHS: o .o o 0o

|
Prirnary i WSt | o, o _ o 0
|

¥ Usze IP header compression

¥ Use default gateway on remote network

o]

Cancel I

1.

14.

Select the [Server Types] tab, and
make settings as shown in the dia-
gram.

Select [TCP/IP] only.

Press the [TCP/IP Settings...] button.

* Leave options on other sheets set to
their default settings.

Once the [TCP/IP Settings] dialog box
opens, make settings as shown in the
diagram.

* In [IP address], be careful not to set the
same IP address as that set for the 3196.
For example, if you find that the setting
on the computer is 192.168.0.2, then you
could set the address on the instrument
to something like 192.168.0.1.

After you have finished making the
settings, press the [OK] button.

* If you are having trouble making the
connection, remove the [Use IP header
compression] checkmark, and try again.
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Connection to the instrument

B2 Dial-Up Networking

J File Edit “iew Go Favaortez Conhection: Help

J & . o+ . [ ‘ F- | ‘ e 1 Double-click the [3196] icon.
Back Famand Up Create [l Cut Cop

J.ﬁ.gldress I Dial-Up Metworking ’A

[ ‘
Mat_aw 3198
D ia I_ U p Connection
Networking
=% Connect To 12}
e 2 Type [3196] in the user name entry
= box, and [PASSWD] in the password
User name: I3198 entry bOX.
Pazsword: I ****** |
™ Save paszword
— 3 Check whether the telephone number
Phone e 105515 for the instrument is correct, and
Dialing from: INew Lacation E Dial Properties...l press the [Connect] button
Connect I Cancel |
The [Connecting to 3196] dialog box

=# Connecting to 3196 opens.

4. Start up Internet Explorer, and enter
.2 .@ D A3 &I LI the IP address that you set for the
e = instrument (such as http://192.168.0.1/)

Agkbnes ] hop fsa iER01S .
‘ in the address column, then press the

41011 | 3196 Main Page | D% Enter key.

When a normal connection is established,
the Main page for the instrument's HTTP
server function opens.

Configure Internet Explorer so that it does
not use a proxy server.

(You can configure the [Use proxy
server] option by clicking [Internet
Options] on Internet Explorer’'s [Tools]
menu, then clicking the [Connections]
tab.
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11.2 Control and Monitoring Using a LAN

Interface

Connecting the 3196 to a hub using a LAN cable and controlling/
observing the 3196 from a PC

10Base-T LAN 10Base-T
3196 Hub o o o — — — Hub
Straight Straight
cable cable

Connecting the 3196 to a PC with a LAN cable and controlling/observ-

ing the 3196
10Base-T
3196
Cross cable
Procedure

1.

Connect the instrument to a hub or computer with a LAN cable.
When connecting to a hub: 10BASE-T terminal, straight cable
When connecting to a computer: 10BASE-T terminal, cross cable

Connecting method: Refer to the Quick Start Manual.
[ 11.2.1 "Connecting the 3196" (page 168)

Make connection point settings on the 3196
[ 11.2.2 "Setting the 3196" (page 168)

Make 3196 settings using the PC

Hostname........ccccccvvveeeeeennn, (up to 12 characters)

IP address.....cccovvveeeeeeeeninnnnns (rx wxx Fkx xxx) xxk3 characters
Subnet mask........cccovvveeenenn, (Frx xxk Fkx xxx) *xk3 characters
Default gateway ................... ON or OFF

Gateway .......cocoveveniviieiiieaeenn (xR kxx xxexYrek 3 characters

[_11.2.3 "Setting the PC" (page 172)

server function or Down96 download application software.

NOTE Make the same connection and settings even when using the HTTP
E——— A
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11.2.1Connecting the 3196

Connecting method: Refer to the Quick Start Manual.

When connecting the instrument and computer through a hub:
Prepare the following:

Hub

A commercially sold hub.

10BASE-T cable | Straight cable (9642 LAN cable, you cannot use the supplied cross conver-

sion cable)

When connecting the instrument and computer directly:
Prepare the following:

10BASE-T cable | Cross cable (9642 LAN cable, using the supplied cross conversion cable)

11.2.2 Setting the 3196

Configure connection on the instrument.

H

®

o-®

®©

-Q

ENTER

.4@@-.

ENTER

m
w
(2]

HARDWARE

RS-232C
IP Address 1. Set the connection point.

OFF or PRINTER

2. Set the IP address.

Select from pull- KAk KRK KKK

down menu 3. Set the subnet mask.

***.***.***
Confirm When the connection point is set to OFF or PRINTER,
Cancel lights on the upper left of the screen.

Example:

How to Set the Instrument’s IP Address and Subnet Mask
When the computer’s IP address and subnet mask are as
follows:

IP address: 192.168.0.2

Subnet mask: 255.255.255.0

IP address of the 3196: 192.168.0.1

Set the last numerical value only in the computer’s IP
address to a different number.

Subnet mask of the 3196: 255.255.255.0

Set to the same value as the computer’s subnet mask.




NOTE

About the settings
IP address

Network mask

Subnet mask
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» The number displayed to the right of the “Net Mask” is the MAC Address.
This is the same as on the MAC Address label on the back panel.

* When you set the printer as the RS connection point, you can use the
printer and LAN simultaneously. When you set the modem as the con-
nection point, you cannot use the LAN.

* When communicating with this device and a PC through a LAN, make the
proper network settings on this device.

* When connecting to an existing LAN network, consult your system
administrator.

» This device does not support DHCP (an IP address automatic acquisition
function).

The TCP/IP used for LAN communications with this device uses an IP
address to differentiate each device.
With IP version 4 (IPv4), widely used at present, IP addresses consist
of 32-bit numbers. Normally, decimal notation is used to express each
octet (8 bits) of the IP address, such as in 192.168.1.1, and this
expression is joined with a period(.).

IP addresses can be divided in 2: the network portion, expressing the
network position where devices are connected; and the host portion
that identifies devices on the network.

The net mask is used to indicate the ranges of the network and host
portions. The net mask expresses the bit corresponding to the network
portion as “1”, and the bit corresponding to the host portion as “0".

(Example: When the network is assigned to the first 24 bits and the
host is assigned to the remaining 8 bits:
11111111 17222211 11111111 00000000

Normally, the IP address is expressed as a hexadecimal number
(Oxffffff00) or as a decimal number (255.255.255.0).

Also, the length (number of bits) of the network portion can be
expressed as 192.168.1.0/24. In this case, the “24” that follows the “/”
indicates that the network portion is 24 bits.

Except in an extremely limited number of cases, when constructing a
network within an organization, the network is usually divided in sev-
eral smaller networks. In this case, each division of the IP network is
referred to as a subnetwork.

When the network is divided into subnetworks, the host portion of the
IP address is assigned to the subnetwork and the host, and you can
use the net mask to delimit the subnetwork and host portions. In this
case, the net mask is referred to as a subnet mask.
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IP address
assignment

Gateway

Host name

Because each device must have a unique address, IP addresses are
monitored by the RIR (Regional Internet Registry).

Usually, an ISP (internet service provider) is entrusted with the assign-
ment of IP addresses to businesses, alleviating users of that ISP from
any problems. Otherwise, certain IP addresses can be used freely
within a distinct, closed network, as defined by RFC1597, as follows:
10.0.0.0/8 10. 0. 0. 0to 10.255.255.255

172.16.0.0/12 172.16. 0. O0to 172. 31.255.255

192.168.0.0/16 192.168. 0. 0to 192.168.255.255

When using a cross cable to communicate on a locally between the
PC and this unit, or to communicate through a closed IP network,
select one of the addresses above.

However, addresses where the host portion bits are all “0” are used as
network addresses only to identify the network itself. Addresses where
the host portion bits are all “1” cannot be used as IP addresses
because they indicate all the hosts that exist on the network.

(Example: For an IP network that has a network address (192.168.1.0/
24).

The address 192.168.1.255 indicates all the devices that are con-
nected to 192.168.1.0/24.

Because 254 |IP addresses (192.168.1.1 to 192.168.1.254, except
192.168.1.0 and 192.168.1.255) can be used on this network, up to
254 devices can be connected to the network.

The gateway is a device that connects different networks. On an IP
network, devices that connect different IP networks use a common
router. You must specify the router’s IP address as the gateway
address.

In the 3196, there is no gateway setting.

With TCP/IP, individual devices are differentiated by their IP
addresses. However, IP addresses are hard to understand and difficult
to remember. Unlike IP addresses, a text string host name is assigned
and this is used instead of the IP address.

The IP address and host name are changed depending on the DNS
(Domain Name Server).

In the 3196, there is no host name setting.
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Example of a network environment structure

Example 1: Connecting the 3196 to an existing network

When you connect the 3196 to an existing network, the system administrator must make the set-
tings beforehand.

Make sure that the settings are unique to this device.

Note the following settings assigned by your system administrator.

IP address
Subnet mask

Example 2: Connecting several 3196 units to a single PC through a hub

When assembling a isolated local network, it is recommended that you use private IP addresses.

When assembling the network with the network address 192.168.1.0/24:

IP address ......ccccceeeevinnnee PC:192.168.1.1
This device: Add in the following order: 192.168.1.2, 192.168.1.3,
192.168.1.4, and so on.

Subnet mask ................... 255.255.255.0

Example 3: Connecting the 3196 locally to a PC using the 9642 LAN CABLE

When connecting the 3196 locally to a PC using the connector supplied with the 9642 LAN
CABLE, you can set the desired IP address, but we recommend that you use a private IP
address.

IP address ......ccccceeeevinnnee PC:192.168.1.1
This device: 192.168.1.2 (Set the IP address to a different value.)
Subnet mask ................... 255.255.255.0
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11.2.3 Setting the PC

Example
Computer OS Windows 98

When connecting the instrument and computer directly:

Confirm the properties for Internet protocol (TCP/IP).

My Diocuments

Primany! Nntvecr Lo
[Cher for Micrah Hatvrais |
b P S|

1~ Dt riplan
| TCPAP it the peotaool pou una b connact i B insenat and

[or ] coeu |

Move the cursor over [Network Neigh-
borhood] and right-click the mouse to
open the local area connection prop-
erties.

Select [TCP/IP], and press the [Prop-
erties] button.
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TCP{IP Properties 2|

Bindngs | Advenced | NeBiDs | 3 . Confirm the IP address and subnet
DNS Configuration | Gateway | WINS Configuation | mask for the Computer you are USing

An |P address can be automatically assigned to this computer.
o et s T o s et Do not check the [Obtain an IP address
{he space belor automatically] option.
To set the instrument's IP address,
€ Qbtain an P sddress automaticaly change the final numerical value only for
@ Specly an [P address: | the computer’s IP address.

Paddess  [192.168. 0 . 2 == To set the instrument’s subnet mask, set

| the same value as the computer’s subnet
SubnetMask: | 255.255.255. 0 '<—| mask

Example:

PC

IP address: 192.168.0.2
Subnet mask: 255.255.255.0

(]9 I Canicel

3196
IP address: 192.168.0.1
Subnet mask: 255.255.255.0

Connection to the instrument

B} 2156 WAIN Pagn - Micrasalt Inteenat Eaphosed Start up Internet Explorer, and enter the IP
L BT o B L _— address that you set for the instrument (such
ot e, < N B e (- RENIE R as http://192.168.0.1) in the address column,
gevens [E] ey 7150 158 0.1/ then press the Enter key.

When a normal connection is established, the

‘ H 101 | 3196 Main Page | 05" Main page for the instrument's HTTP server

function opens.

Configuration of Internet Explorer:

» Deselect the [Use proxy server] option.

» Configure Internet Explorer so that it does not
use a proxy server by clicking [Internet
Options] on Internet Explorer’'s [Tools] menu,
then clicking the [Connections] tab.

If connection fails:

Check the following items.

« Verify that you are using a straight LAN cable. If you are using a straight LAN cable, the com-
puter’s LINK LED lights.

« Verify that you set the IP address and subnet mask.

« Verify that the instrument's RS connection point is the modem.

 Verify that you are receiving a normal response from the ping command on the computer’'s DOS
prompt screen.

« Verify that the checkmark is removed from the Internet browser proxy setting.
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11.3 HTTP Server Function

11.3.1Overview

Remote control
application

Event list

System settings

Starting and finish-
ing measurement

NOTE

The HTTP server function allows you to use any Internet browser,
such as Internet Explorer, without having to install dedicated software
on the PC to make settings for the 3196, acquire data, or observe
screens. You can use the following functions.

However, functions other than the remote control application function
are supported by version 1.02 or later of this instrument.

Displays the screen currently displayed on the 3196 in

the Internet browser.

« You can enter the keys so that they are in the same position as the keys on
the 3196.

e You can select from a black and white or color display, and select the
screen update rate.

Displays the event list stored in this device’'s internal memory on the

Internet browser.

< By selecting an event, you can display the details, waveform, vector, and
harmonic bar graph for the time that event occurred.

* You can also convert the voltage and current waveforms for the time the
event occurred directly into text, and edit the data in MS-Excel.

« When using Internet Explorer as the Internet browser, you can edit the data
in MS-Word and use it to create a report.

You can make all of the settings for the instrument’'s [SYSTEM] screen
using an Internet browser.

You can control the start and finish of measurement using the Internet
browser.

Internet Explorer Version 4 or later is supported.
You can also use Netscape Navigator, but some screens may not
operate correctly.
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11.3.2Setting the HTTP Server Function
Main Page
' Start up Internet Explorer, and enter the IP
address that you set for the instrument (exam-
ple: http://192.168.0.1/) in the address column,
then press the Enter key.
When a normal connection is established, the
Main page for the instrument's HTTP server
function opens.
S To shift between the various screens, click the
mouse as you would on a normal homepage.

. : -
Ll o

Remote Control Application Screen

The screen displayed on the Internet browser is
the same as the screen displayed on the instru-
ment with the same key placement as the front
panel.

You can control the operation of the instrument
by clicking each key.

Select [MONO/COLOR], then select a screen
update rate from OFF, 2 sec, 10 sec, and 1
min.

When the remote control application starts,
[MONO] (displays keys only) is set as the
default, but you should change this to [COLOR]
before using the application.

The screen displays a list of the events cur-
rently recorded in this device’s internal memory.
Click an event category to display the event

8 -~ details screen (detailed information for the time

HIOK | 3196 Event Check Page | L0 s 120000

the event occurred).
EVENT LIST
A TEME TE I
HI1 D
3 " &5 PCERD =

- ——
e On the event list screen, you can select a dis-
LSRN - e e T e T e play update interval (STOP RENEWAL, 5 SEC,
RO oy rose ¢ v T ziEfe] 10 SEC, 30 SEC, 1 MIN, 15 MIN, 30 MIN, or

OB | -|'-. Tk 1H)
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Event Detailed Screen

Just like the instrument, this screen displays a list of representational event categories and
simultaneously occurring events.

You can also display waveforms, vectors, and harmonics for event occurrence by selecting a
graph.

The Internet browser displays the same screen as the instrument’s analysis screen when an
event occurrence is moved from the event list screen using the ENTER key.

Event Waveform Screen
You can select the voltage, current, and wave-

B [ ye= fpmie led e

eI TR T e T = form scales.

B By Bt Mo bt o Ha— L) . R

Bt ] = 1w b e T R When a transient occurs, the transient wave-
EVENT SUMMARY = form iS d|sp|ayed
T e N M If multiple transients occur simultaneously, a
— e link is displayed, and you can display the next
N — waveform by following the link.
. = If you click on the waveform display area in the
V3 o |

event waveform screen, text data is sent from
ot LR E el L E ookl L the instrument.

MS-Excel starts automatically, and you can cre-
. , ate graphs using the text data for the voltage or
AVERORM T D T ? current waveform that you clicked.

"l -

Event Vector Screen
Em_..m-'_i The graph's Y-axis is set to LOG. You can

A . W TR R TR T T select the numeric display.
L] LT T e al Fad
A ] o e Do 3] e | |ika ®

EVENT 5UMMARY 2

OLTATE FEFEREEHCE
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Event Harmonic Bar Graph Screen

R N , 51 5| You can select the display channel, numeric
fe (B fo= Fpes lus 5w = .
e T AL D T display, and order number.
Ba LR s [ ewine  Huimy . P
e e T RS T BN

EVENT SUMMARY =
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Creating Reports

You can select the display channel, numeric display, and order number.
When using Internet Explorer as the Internet browser in the event details screen, you can cre-
ate reports using MS-Word.

When the Internet Explorer HTML editor is set

to Word:
Displays the HTTP server function’s event list
screen.
B I T e — Select [Edit with Microsoft Word for Win-
[fh ©8 Yo fpmie Lot _ - dows] from the [File] menu or toolbar.
?‘h__—;'Lﬂ e e MS-Word starts, and the data displayed in
2| g se= | Internet Explorer is pasted into MS-Word.
Fagn s Duee You can edit the data in MS-Word, and use it to
[ per | Event Cheek Page | o500 1n0m N "
create an “event report.
e _ Note: MS-Word 97 or later must be installed on
el EVENT SUMMARY
[ TE FREQUENCY (VOLTAGE REFERENCE your computer. .
WM e To set the Internet Explorer HTML editor to
Eveut Mo | 200LUEZ 145830, 170 STOF Word:
Select [Internet Options] on Internet
Lo tn e Explorer’s [Tools] menu.

On the [Programs] tab in the window that
opened, select [Microsoft Word for Windows]
in [HTML editor].
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System Setting Screen
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Options can be selected in [SYSTEM] — [MAIN].
The event settings can be made. However,
interface settings, text save option selections,
and event settings cannot be made.

Click setting items on the left side of the screen
to display them on the right.

Start and finish measurement screen
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This screen allows you to start and stop mea-
surement, and execute the data reset control
for the instrument.

You can also display the current measurement
status.
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Specifications

12.1 Product Specifications

The specifications below apply to the 3196 POWER QUALITY ANALYZER.
For the product specifications of the EN50160, see the Instruction Manual for EN50160.

Environmental and Safety Specifications

Operating environment

Storage temperature and
humidity

Operating temperature and
humidity

Maximum input voltage
(50/60 Hz)

Maximum rated voltage to
earth

Dielectric strength
(50 Hz for 1 min.)

Enclosure protection
Applicable Standards

Indoors, altitude up to 2000 m (6562-ft.)
-20°C to 50°C (-4°F to 122°F), 80% RH or less (no condensation)

0°C to 40°C (32°F to 104°F), 80% RH or less (non-condensating)

In the temperature range -10°C to 0°C(14°F to 32°F), battery pack and PC
card use are not supported. The LCD and accuracy are also not guaran-
teed.

Voltage inputs: 780 Vrms, 1103 V peak value
Current inputs: 1.7 Vrms, 2.4 V peak value

Voltage input terminals: 600 Vrms(50/60 Hz)

5.55 kVrms for one minute (current sensitivity 1 mA)
Between voltage and clamp input terminals, between voltage input termi-
nals and instrument case, between voltage input terminals U1 to U3 and U4

IP30 (per EN60529)

Safety EN61010-1:2001
Voltage Input: Pollution Degree 2,
Measurement Category lll (anticipated transient overvoltage
6000V)

EMC EN61326:1997+A1:1998+A2:2001 Class A
EN61000-3-2:2000
EN61000-3-3:1995+A1:2001
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Measurement line type

Input channels

Input methods

Input resistance (50/60 Hz)

Measurement method

PLL synch channel source
PLL synch frequency range
Sampling frequency

A/D converter resolution

Compatible clamp
sensors

One single-phase 2-wire (1P2W), single-phase 3-wire (1P3W), three-phase
3-wire (3P3W2M,3P3W3M) or three-phase 4-wire (3P4W) plus one extra in-
put channel

Voltage: Four channels Ul to U4 (extra channel U4 can measure AC or
DC)
Current: Four channels 11 to 14

Voltage: Isolated inputs and differential operation
Between U1,U2 and U3: these channels are not isolated from one
another
Between U1l to U3 and U4: channel U4 is isolated

Current: input is isolated by the clamp-on sensor (voltage input)

Voltage: 4 MQ +10% (differential input)
Current: 200 kQ +10%

Simultaneous digital sampling of voltage and current

PLL synchronization (during instantaneous low period of PLL synchroniza-
tion source, switches to a fixed clock, with no sampling gap during switch-
ing)

One of voltages U1, U2 or U3

42.5 Hz to 69 Hz, 360 to 440 Hz

For calculations (including DC measurements):
256 per cycle (at 50Hz or 60 Hz)
256 per 8 cycles (at 400 Hz)
For harmonic and inter-harmonic analysis:

2048 per 10 cycles (50Hz)

2048 per 12 cycles (60Hz)

2048 per 80 cycles (400 Hz, harmonics only)
For transient overvoltage (impulse): 2 MHz

For calculations (including DC measurements): 16 bits
For transient overvoltage (impulse): 12 bits

0.5 Vrms output or more for full-scale current (0.5 Vrms recommended)
Output-to-input ratios of 0.1, 1, 10 or 100 mV/A

Basic Specifications

Backup lithium battery life

Clock functions
Real-time clock accuracy

Internal memory data
capacity

Maximum recording period
Maximum recordable events

External control terminals
Power supply

Recharge function

Lithium battery to back up clock and settings, approx. 10 years (reference at
23°C, 73°F)

Auto calendar, auto leap year, 24-hour clock
+0.3 s/day or better (instrument on), £3 s/day or better (instrument off)
13 MB

1 month (when using internal memory)

100 events (when using the internal memory) (when using the PC card, up

to 1000 events)

External event input, external event output

9458 AC ADAPTER (SINO-AMERICAN SA 60-12 V) (12 VDC 5%, 4.5 A)

Rated voltage: 100 to 240 VAC (a change in voltage of £10% taken into con-

sideration), 50/60 Hz, maximum rated current: 1.2 A
9459 BATTERY PACK(Sanyo 6HR-AU Ni-MH) for backup during power off

Using the 9458 AC ADAPTER or 9459 BATTERY PACK to recharge while
the 3196 is operating.
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Maximum rated power

Continuous battery opera-
tion time

Dimensions
Mass

Power quality conforming
standard

40 VA

Approx. 30 minutes with the 9459 BATTERY PACK (fully charged, 23°C,
73°F)

Approx. 298W x 215H x 67D mm (not including protrusions)

(11.73"W x 8.46"H x 2.64"D)

Approx. 2.0 kg (70.5 oz) (without the battery pack),
(mass of battery pack: approx. 250 g (8.8 0z))

IEEE1159, EN50160:1999, IEC61000-4-30:2003

Display Specifications

Display language

Display device
Dot pitch

English, German, French, Italian, Spanish, Chinese (Simplified), or Japa-
nese

6.4-inch TFT color LCD (640 X 480 pixels)
0.202 (V) mm X 0.202 (H) mm (0.01"V X 0.01"H)

External Interface Specifications

PC Card Interface

Slot

Supported cards
Supported storage capacity
Data format

Recording contents

TYPE Il conforming to the PCMCIA/JEIDA PC Card Standard x 1 base
Flash ATA cards (at least 13 MB)

528 MB

MS-DOS

Setting files, binary, text and screen image data

RS-232C Interface

Compliant standards
Connector

Connection devices
Communication protocols
Print function

RS-232C EIA RS-232C, CCITT V.24, JIS X5101
One 9-pin D-sub

Printer, modem, or GPS Box

PPP or TCP/IP (modem only)

Hard copy

LAN Interface

Connector
Communication protocols

10Base-T, RJ-45 connector x 1
Ethernet, TCP/IP
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Accessories and Options

Accessories

Options

9438-02 VOLTAGE CORD
1 set: 8 cords (red, yellow, blue, and gray (one
each), and 4 black cords)

9458 AC ADAPTER....... 1 (The power cord can be selected in country spec-

ifications.)
9459 BATTERY PACK (NiMH, 7.2 V/2700 mAh)
Strap.....ccoeveeeeeeeeeiiiiiennnns 1

Quick Start Manual........ 1 (booklet)
Instruction Manual for EN50160....1 (booklet)

CD-R.ovveeeeeeeeee, 1 disc (Instruction Manual, Instruction Manual for
EN50160, Down96 Data Download application
software)

LAN connector cover.....1

Input cord label.............. 1

9661 CLAMP ON SENSOR (500 A rms rating) voltage output type

9660 CLAMP ON SENSOR (100 A rms rating) voltage output type

9667 FLEXIBLE CLAMP ON SENSOR (500 A rms, 5000 A rms rating)
voltage output type

9669 CLAMP ON SENSOR (1000 A rms rating) voltage output type

9694 CLAMP ON SENSOR (5 A rms rating) voltage output type

9695-02 CLAMP ON SENSOR (50 A rms rating) voltage output type

9695-03 CLAMP ON SENSOR (100 A rms rating) voltage output type

9290 CLAMP ON ADAPTER

9219 CONNECTION CABLE (for Model 9695-02 and Model 9695-03)

9458 AC ADAPTER
9459 BATTERY PACK

9670 PRINTER (BL-80RS Il made by SANEI ELECTRIC INC.)

9671 AC ADAPTER (for the 9670) (BL-100W made by SANEI ELECTRIC
INC.)

9638 RS-232C CABLE (for the printer)

9237 RECORDING PAPER (80 mm x 25 m, 4 rolls)

XD112 GPS BOX (assembled after receiving the order)

9624 PQA-HIVIEW (PC application software)

9624-10 PQA-HIVIEW PRO (PC application software)

9339 CARRYING CASE (soft type, storage room for the voltage cord and
clamp-on sensor)

9340 CARRYING CASE (hard type, storage room for the voltage cord and
clamp-on sensor)

9264-01 WIRING ADAPTER (for three-phase 3-wire (3P3W3M) voltage)
9264-02 WIRING ADAPTER (for three-phase 4-wire voltage)

9726 PC CARD 128M (128MB compact flash card + adapter)
9727 PC CARD 256M (256MB compact flash card + adapter)
9728 PC CARD 512M (512MB compact flash card + adapter)

9642 LAN CABLE
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12.2 Measurement Specifications

Measurements
Items detected at 2 MHz sampling without a gap

1P3W/

Iltem Variable 1P2W 3P3W2M

3P3W3M 3P4W MAX/MIN/AVE

Transient overvoltage

(impulse) Utran 14 1,2,4 1,2,3,4 1,2,3,4

When measuring at 50 Hz or 60 Hz, items measured in half cycles (calculates one wave-
form overlapped by half a wave) without gaps
When measuring at 400 Hz, items measured in a wave without gaps

Item Variable waw  1PSWL o spawam spaw MAX/MIN/AVE
Voltage swell Uswell 1 1,2 1,23 1,2,3
Voltage dip (sag) Udip 1 1,2 1,2,3 1,2,3
Voltage interruption Ulnterruption 1 1,2 1,23 1,2,3
N Jotage vl Crwave 112 123 123
Voltage fluctuation AU 1 1,2 1,2,3 1,2,3
Instantaneous flicker S(t) 1 1,2 1,2,3 1,2,3

Items measured every 200 ms (about once every 10 cycles at 50 Hz, every 12 cycles at 60
Hz, or every 80 cycles at 400 Hz) without a gap

: 1P3W/ MAX/MIN/

Item Variable 1P2W 3P3W2M 3P3W3M 3P4wW AVE
Voltage frequency Freq PLL source PLL source PLL source PLL source *
Voltage waveform peak (z) Upeak 1,4 1,2,4 1,2,3,4 1,2,3,4
Current waveform peak (+) Ipeak 1,4 1,2,4 1,2,3,4 1,2,3,4

LINE-
RMS voltage value Urms LINE/ 1,4 1,2,4,ave 1,2,3,4,ave 1,2, 3,4, ave *

PHASE-N
RMS current value Irms 1,4 1,2,4,ave 1,2,3,4,ave 1,2, 3,4, ave *
Active power P 1 1, 2, sum 1,2,3,sum 1,2,3,sum *
Apparent power S 1 1,2,sum 1,2,3,sum 1,2, 3 ,sum *
Reactive power Q 1 1, 2, sum 1,2,3,sum 1,2,3,sum *
Power factor/displacement
power factor PF/DPF 1 1,2,sum 1,2,3,sum 1,2, 3, sum *
Voltage unbalance factor Uunb - - sum sum *
Current unbalance factor lunb - - sum sum *
Harmonic voltage
(1st to 50th orders) Uharm RMS/% 1,4 1,2,4 1,2,3 4 1,2,3 4 *
Harmonic current
(1st to 50th orders) lharm RMS/% 1,4 1,24 1,2,34 1,2,34 *
Harmonic power
(1st to 50th orders) Pharm RMS/% 1 1,2,sum sum 1,2,3 sum *
Inter-harmonic voltage q
(orders 0.5 to 49.5) Uharm-i RMS/% 1,4 1,24 1,2,3 4 1,2,34 *
Inter-harmonic current i
(orders 0.5 to 49.5) lharm-i RMS/% 1,4 1,2,4 1,2,3 4 1,234 *
Harmonic voltage phase angle e 14 124 1234 1234

(1st to 50th orders)
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Items measured every 200 ms (about once every 10 cycles at 50 Hz, every 12 cycles at 60
Hz, or every 80 cycles at 400 Hz) without a gap

: 1P3W/ MAX/MIN/

Item Variable 1P2W 3P3W2M 3P3W3M 3P4AW AVE
Harmonic current phase angle .
(1st to 50th orders) Giharm 14 1,2,4 1,234 1,2,3,4
Harmonic voltage-current
phase difference (1st to 50th or- 6harm 1 1,2,sum sum 1,2, 3 sum *
ders)
Total harmonic voltage distor-
tion factor Uthd -FI-R 1,4 1,2,4 1,2,3,4 1,2,3,4 *
Total harmonic current distor-
o B Ithd -FI-R 1,4 1,2, 4 1,2,3,4 1,234 *
Total inter-harmonic voltage Uthd-i -FI-R 14 124 1234 1234 "
distortion factor ' P P P
Total inter-harmonic current dis- :
g ) s Ithd-i -FI-R 1,4 1,2, 4 1,2,3,4 1,2,3,4 *
K factor KF 1,4 1,2,4 1,2,3,4 1,2,3,4 *
Items measured in 1-minute intervals without a gap

: 1P3W/ MAX/MIN/
Item Variable 1P2W 3P3W2M 3P3W3M 3P4W AVE
A V10 flicker
Select a channel to calculate AV10 1 1.2 1.2,3 1.2,3
Items measured in 10-minute intervals without a gap

: 1P3W/ MAX/MIN/
Item Variable 1P2W 3P3W2M 3P3W3M 3P4W AVE
Short interval IEC voltage flicker Pst 1 1,2 1,2,3 1,2,3
Iltems measured in 2-hour intervals without a gap

: 1P3W/ MAX/MIN/
Item Variable 1P2W 3P3W2M 3P3W3M 3P4W AVE
Long interval IEC voltage flicker Plt 1 1,2 1,2,3 1,2,3

*: Indicates that you can display the MAX, MIN, and AVE (all three) for the MAX/MIN/AVE interval.

When CH4 is set to AC or DC, all of CH4 is displayed. (However, the 0 order of harmonics is not displayed.)
When CH4 is off, CH4 is not displayed. (However, the waveform display is displayed.)

U, AU, or S(t) is measured, depending on which is selected.

AV10 or Pst/Plt is measured, depending on which is selected.

« When measuring at 400 Hz, the following measurements are made up to the 10th harmonic order: har-
monic voltage, current and power; harmonic voltage phase angle, harmonic current phase angle and har-
monic voltage/current phase difference.

« When measuring at 400 Hz, the following measurements are not possible: instantaneous flicker value (s(t)),
inter-harmonic voltage and current, integrated inter-harmonic voltage distortion, integrated inter-harmonic
current, A V10 flicker and IEC flicker.
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Conditions of Guaranteed Accuracy

Conditions of Guaranteed
Accuracy

Temperature and humidity
for guaranteed accuracy
Guaranteed accuracy period

Fundamental waveform
range for guaranteed accu-
racy

Display area for guaranteed
accuracy

After 30 min warm-up, however, when measuring AC voltage; sine-wave in-
put, PF=1, synchronized PLL

23+5°C(73+9°F), 80% RH or less (applies to all specifications unless other-
wise noted)

6 months

42.5 to 69 Hz (360 to 440 Hz for 400 Hz measurements, although guaran-
teed accuracy is only for separately conducted shipping tests)

Effective measurement area

Indicator

Total display area

Effective measurement area

0.15 to 130% of selected range (RMS voltage value, RMS current value, ef-
fective power, apparent power, reactive power, power factor)

Display is suppressed to zero when less than 0.15%.

0.3 to 130% of selected range (DC voltage)

Display is suppressed to zero when less than 0.3%.

0 to 130% of selected range (measurement items other than the above)

1to 110% of selected range

Miscellaneous Measurement ltems
(for all calculation items, there are no gaps of measurements)

RMS Voltage

Measurement method

Display item

Display conversion function

Measurement range

Range selection
DC measurement
Measurement accuracy

Crest factor

True RMS type

Measurement at 256 points per cycle about once every 10 cycles at 50 Hz
or every 12 cycles at 60 Hz (approximately every 200 ms).

Measurement at 256 points per 8 cycles about once every 80 cycles at 400
Hz (approximately every 200 ms).

RMS voltage value for each channel or AVE (average) RMS voltage value
for multiple channels
(For details, see the formula.(page 200))

Three-phase 3-wire (3P3W3M):

A (LINE-LINE, line-to-line voltage)-Y (PHASE-N, phase-to-neutral voltage)
conversion (The central point is calculated as the center.)

Three-phase 4-wire:

Y (phase-to-neutral voltage)-A(line-to-line voltage)conversion

CH1to 3: 150.00/300.00/600.00 V rms
CH4: 60.000/150.00/300.00/600.00 V rms
CH4 (for DC measurement): +60.000/600.00 V pk

Manual range (Same operation switches the range for CH1 to 3.)
MEAN calculation

AC: £0.2% rdg. £0.1% f.s. (50/60 Hz), +0.2% rdg. £0.6% f.s. (400 Hz)
DC: £0.3% rdg. £0.4% f.s.

Less than 3 (for full-scale input)
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Measurement method

Item

Measurement range

Range selection
Measurement accuracy

Crest factor

True RMS type

Measurement at 256 points per cycle about once every 10 cycles at 50 Hz
or every 12 cycles at 60 Hz (approximately every 200 ms).

Measurement at 256 points per 8 cycles about once every 80 cycles at 400
Hz (approximately every 200 ms).

The RMS current value for each channel or the AVE (average) RMS current
value for multiple channels (For details, see the formula.(page 201))

CH1lto 4

When using a 0.1 mV/A Sensor..................... 500.00A/5000.0 A rms
When using a 1 mV/A sensor, 9661.............. 50.000A/500.00 A rms
When using a 1 mV/A sensor, 9660.............. 50.000A/100.00 A rms
When using a 10 mV/A sensor, 9694............ 5.0000A/50.000 A rms
When using a 100 mV/A Sensor.................... 500.00 mA/5.0000 A rms

When using a 9667sensor, 5000 A range..... 500.00A/5.0000 kA rms
When using a 9667sensor, 500 A range....... 50.000A/500.00 A rms
When using a 9669 SENSOr .........cccceeveeeiinnns 100.00A/1.0000 kA rms

Manual range (Same operation switches the range for CH1 to 3.)

+0.2% rdg. £0.1% f.s. + clamp sensor specification accuracy (50/60 Hz)
+0.2% rdg. £0.6% f.s. + clamp sensor specification accuracy (400 Hz)

Less than 4 (for full-scale input)

Transient Overvoltage (impulse)

Measurement method
Measurement range
Displayed items

Minimum detectable dura-
tion

Measurement accuracy
Frequency range

Restrictions on saving
waveforms

For detection, samples at 2 MHz are compared with calculation samples
CH1 to 4: +2000 V pk

Peak voltage: This value exceeds the threshold and can be up to the max-
imum value.
Period: Period threshold is exceeded (max. 4 ms)

0.5us

+5.0% rdg. +20 V (Conforms to 1000 V/DC or 700 V rms/100 kHz.)
DC to 200 kHz (-3 dB) (Conforms to 20 V rms)

Saves waveforms that have a maximum transient overvoltage value (abso-
lute value) within the basic voltage wave. (Waveforms in which the peak
point is the center.)

RMS Voltage (value calculated for one waveform shifted over half a wave)

Measurement method

Limitation

True RMS type

Data samples of each half of one cycle (256 points) of the voltage waveform
are overlapped, and the RMS voltage is obtained by calculating from one
half cycle.

(the line-to-line voltage is used for three-phase 3-wire (3P3W3M) systems,
and the phase-to-neutral voltage is used for three-phase 4-wire systems)
When measuring at 400 Hz, calculation is performed by averaging the
squares of the sample data consisting of 256 points over 8 cycles of a wave-
form.

At 400 Hz, the measurement values recorded for the event voltage fluctua-
tion graph are maximum and minimum values of RMS voltage for each cy-
cle.
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Displayed items
Threshold and hysteresis
Voltage swell height

Voltage swell interval

Swell amplitude and duration
% of basic voltage

swell to (threshold)%

When measuring at 50 Hz or 60 Hz, if the RMS voltage (value calculated for
one waveform shifted over half a wave) exceeds the threshold in the right
direction, the swell is detected and the threshold height displayed.

When measuring at 400 Hz, if the maximum of four RMS voltage values
(400 Hz, single-cycle calculation) that exist within 20 ms exceeds the
threshold in the positive direction, swell is detected at the threshold ampli-
tude.

The interval from the time of swell is detected until the threshold minus the
hysteresis is exceeded in the wrong direction.

Voltage Dip

Displayed items
Threshold and hysteresis
Voltage dip depth

Voltage dip interval

Dip depth and duration
% of basic voltage

dip to (threshold)%

When measuring at 50 Hz or 60 Hz, if the RMS voltage (value calculated for
one waveform shifted over half a wave) exceeds the threshold in the wrong
direction, the dip is detected and the threshold depth displayed.

When measuring at 400 Hz, if the minimum of four RMS voltage values (400
Hz, single-cycle calculation) that exist within 20 ms exceeds the negative
threshold, dip is detected at the threshold amplitude

The interval from time the dip is detected until the threshold added the hys-
teresis is exceeded in the right direction.

Interruption

Display items
Threshold and hysteresis
Interruption depth

Interruption interval

Interruption interval (and interruption depth)
% of basic voltage

Interruption to (threshold)%

When measuring at 50 Hz or 60 Hz, if the RMS voltage (value calculated for
one waveform shifted over half a wave) exceeds the threshold in the wrong di-
rection, the interruption is detected and the threshold height displayed.

When measuring at 400 Hz, if the minimum of four RMS voltage values (400
Hz, single-cycle calculation) that exist within 20 ms exceeds the negative
threshold, interruption is detected at the threshold amplitude

The interval from the time of interruption is detected until the threshold add-
ed the hysteresis is exceeded in the right direction.

Frequency

Measurement method

Measurement range
Measurement range
Measurement source

Reciprocal frequencies are sampled at 2 MHz about once every 10 cycles
at 50 Hz or every 12 cycles at 60 Hz (approximately every 200 ms).
Waveform consists of 256 points/8 cycles, measured every 80 cycles at 400
Hz (approx. 200 ms)

42.500 Hz to 69.000 Hz, 360 Hz to 440 Hz
99.999 Hz, 999.99 Hz
One of voltages U1, U2 or U3 (the same as the PLL synchronization source)
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Measurement accuracy

At 50/60 Hz measurement, Less than £10 mHz (For a sine wave input with
a voltage range of 10% to 110%.)
At 400 Hz measurement, Less than £100 mHz (For a sine wave input with
a voltage range of 30% to 110%.)

Voltage Waveform Peak

Measurement method

Display items
Measurement range

Waveform consists of 256 points/cycle, measured every 12 or 10 cycles at
50 or 60 Hz, respectively (approx. 200 ms)

Waveform consists of 256 points/8 cycles, measured every 80 cycles at 400
Hz (approx. 200 ms)

Maximum and minimum sampling points within 200 ms

Positive peak value and negative peak value

Area of the RMS voltage range to which the crest factor was added.

Current Waveform Peak

Measurement method

Display items
Measurement range

Waveform consists of 256 points/cycle, measured every 12 or 10 cycles at
50 or 60 Hz, respectively (approx. 200 ms)

Waveform consists of 256 points/8 cycles, measured every 80 cycles at 400
Hz (approx. 200 ms)

Maximum and minimum sampling points in 200 ms

Positive peak value and negative peak value
Area of the RMS current range to which the crest factor was added.

Active Power

Measurement method

Display items
Measurement range

Measurement accuracy

Power factor influence

Polarity display

Waveform consists of 256 points/cycle, measured every 12 or 10 cycles at
50 or 60 Hz, respectively (approx. 200 ms)

Waveform consists of 256 points/8 cycles, measured every 80 cycles at 400
Hz (approx. 200 ms)

Calculated by averaging sampled voltage and current waveform data

Active power of each channel and its sum for multiple channels. (For details,
see the formula.(page 201))

Depends on the voltage X current range combination. (See the power range
configuration table (page 193).)

At 50/60 Hz measurement, +0.2% rdg. +0.1% f.s. + clamp sensor specifica-
tion accuracy (power factor = 1)(The total is the sum of the channels used.)
At 400 Hz measurement, £0.4% rdg. +0.6% f.s. + clamp sensor specifica-

tion accuracy (power factor = 1)(The total is the sum of the channels used.)

+1.0% rdg. (45 Hz to 66 Hz, power factor = 0.5)
+4.0% rdg. (360 Hz to 440 Hz, power factor = 0.5)

For influx (consumption) No symbol, For outflow (regenerative) "-"

Apparent Power

Measurement method
Display item

Measurement range
Measurement accuracy

Polarity display

Calculated from RMS voltage U and RMS current I.

Apparent power of each channel and its sum for multiple channels. (For de-
tails, see the formula.(page 201))

Depends on the voltage x current range combination. (See the power range
configuration table (page 193).)

+1 dgt. for calculations derived from the various measurement values. (sum
is £3 dgt.)

No polarity




Reactive Power

I 189

12.2 Measurement Specifications

Measurement method
Display item

Measurement range
Measurement accuracy

Polarity display

Calculated using apparent power S and active power P.

Reactive power of each channel and its sum for multiple channels. (For de-
tails, see the formula.(page 202))

Depends on the voltage x current range combination. (See the power range
configuration table (page 193).)

+1 dgt. for calculations derived from the various measurement values. (sum
is +3 dgt.)

For phase lag (LAG: current is slower than voltage): no symbol
For lead phase (LEAD: current is faster than voltage): "-"

Power Factor

Measurement method
Display item

Measurement range
Measurement accuracy

Polarity display

Calculated from RMS voltage U, RMS current |, and active power P.

Power factor of each channel or its sum for multiple channels. (For details,
see the formula.(page 202))

-1.000 (lead) to 0.000 to +1.000 (lag)

+1 dgt. for calculations derived from the various measurement values. (sum
value is +3 dgt.)

For phase lag (LAG: current is slower than voltage): no symbol
For lead phase (LEAD: current is faster than voltage): "-"

Displacement Power Factor

Measurement method
Display item

Measurement range
Measurement accuracy

Polarity display

Calculated from the phase difference between the fundamental voltage
wave and the fundamental current wave.

Displacement power factor of each channel and its sum value for multiple
channels. (For details, see the formula.(page 203))

-1.000 (lead) to 0.000 to +1.000 (lag)

At 50/60 Hz measurement, £0.5% rdg. £0.2% f.s. +1 dgt. (sum value is +3 dgt.)
At 400 Hz measurement, £0.5% rdg. £0.6% f.s. £1 dgt. (sum value is +3 dgt.)

For phase lag (LAG: current is slower than voltage): no symbol
For lead phase (LEAD: current is faster than voltage): "-"

Voltage Unbalance Factor

Measurement method

Total display area

Calculated using various components of the three-phase fundamental volt-
age wave (line-to-line voltage) for three-phase 3-wire (3P3W3M) and three-
phase 4-wire connections. (For details, see the formula. (page 203))

0.00% to 100.00%

Current Unbalance Factor

Measurement method

Display range

Calculated using various components of the three-phase fundamental cur-
rent wave (line-to-line current) for three-phase 3-wire (3P3W3M) and three-
phase 4-wire connections. (For details, see the formula. (page 204))

0.00% to 100.00%

K Factor (multiplication factor)

Measurement method

Display range

Calculated using the harmonic RMS current of the 2nd to 50th orders. (For
details, see the formula. (page 206))

0.00 to 500.00
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A U Voltage Fluctuation

12.2 Measurement Specifications

Measurement method

Display range

Change in RMS voltage (When measuring at 50/60 Hz, each waveform cal-
culation value is obtained from a shifted half cycle. When measuring at 400
Hz, each is obtained from one full cycle.) with respect to standard voltage

Nominal voltage

S(t) Instantaneous Flicker value

Measurement method
Weighting filters

Per IEC61000-4-15
230 V lamp 50 Hz system, 120 V lamp 60 Hz system

AV10 Flicker

Measurement method

Display item

Standard voltage
Measurement accuracy

Conditions of guaranteed
accuracy

Calculated using the “AV10 perceived flicker curve” .(page 210)
A V10 is measured at 1 minute intervals without gaps.
100 V conversion value

A V10 measured at one minute intervals, average value for one hour, max-
imum value for one hour, fourth largest value for one hour, total (within the
measurement interval) maximum value

Automatic (using AGC)
+4%rdg.+0.01V

For 100 V RMS fundamental wave (50/60 Hz), 1 V RMS fluctuating voltage,
and 10 Hz fluctuating frequency.

IEC Flicker: short interval flicker value Pst and long interval flicker value PIt

Measurement method

Flicker range
Flicker filter
Measurement accuracy

Per IEC61000-4-15:1997+A1:2003

Pst is calculated after 10 minutes of continuous measurement and PIt after
2 hours of continuous measurement.

The 100 V lamp is per IEC SC77A National Committee, "IEC61000-4-15
Flickermeter Conformity Discussion Report for 100 Series Flicker Meter Ad-
Hoc W/G"

Uses logarithms to divides 0.0001 to 10000 P.U. into 1024.
100 V lamp, 120 V lamp, 230 V lamp

Pst: £5% rdg.(as set forth for IEC61000-4-15 performance testing)
Valid for input ranging from 50 to 100% of the voltage measurement range

Harmonic Voltage, Current and Power (including fundamental waveform content)

Measurement method

Harmonic analysis window
width

Number of points in 1 win-
dow

Harmonic analysis window

Harmonic analysis frequen-
cies

Per IEC61000-4-7:2002

Harmonic voltage and harmonic current: After harmonic analysis is per-
formed, the adjacent inter-harmonics component is added to the harmonics
component of whole orders and displayed.

Harmonic power: Displays the harmonic power of each channel and its sum
for multiple channels. (For details, see the formula.(page 206))

10 or 12 cycles for 50 or 60 Hz, respectively, 80 cycles for 400 Hz
2048 points
Rectangular

1st to 50th orders (of 42.5- to 69-Hz fundamental waveform)
1st to 10th orders (of 360- to 440-Hz fundamental waveform)




I 191

12.2 Measurement Specifications

Harmonic Voltage, Current and Power (including fundamental waveform content)

Measurement accuracy

At 50/60 Hz:
Harmonic voltage and harmonic current:
1st to 20th orders: +0.5% rdg. +0.2% f.s.
21st to 50th orders: +1.0% rdg. £0.3% f.s.
Harmonic power:
1st to 20th orders: +0.5% rdg. +0.2% f.s.
21st to 30th orders: +1.0% rdg. £0.3% f.s.
31st to 40th orders:+2.0% rdg. £0.3% f.s.
41st to 50th orders:+3.0% rdg. £0.3% f.s.
At 400 Hz:
Harmonic voltage and harmonic current:
1st to 2nd orders: +0.5% rdg. +0.2% f.s.
3rd to 6th orders: £1.0% rdg. +0.3% f.s.
7th to 10th orders: +1.0% rdg. +0.3% f.s.£0.5X (k-6)%rdg.
(k: harmonic orders)
Harmonic power:
1st to 2nd orders: +0.5% rdg. +0.2% f.s.
3rd to 4th orders: £1.0% rdg. £0.3% f.s.
5th to 10th orders:+1.0% rdg. £0.3% f.s. £1.0X (k-4)%rdg.
(k: harmonic orders)
However, the clamp sensor’s accuracy is added when calculating harmonic
current and harmonic power.

Inter-Harmonic Voltage and Current

Measurement method

Harmonic analysis window
width

Number of points in 1 win-
dow

Harmonic analysis window
Harmonic analysis frequen-
cies

Measurement accuracy

Per IEC61000-4-7:2002

After harmonic analysis, harmonic voltage and current are summed and dis-
played as inter-harmonic contents with the harmonic contents according to
harmonic order

10 or 12 cycles for 50 or 60 Hz, respectively

2048 points

Rectangular
0.5 to 49.5 orders (of 42.5- to 69-Hz fundamental waveform)

Unspecified

Harmonic Voltage/Current Phase Angle (including fundamental wave components)

Measurement method

Measurement accuracy

After harmonic analysis, the harmonic phase angle components for whole
orders are displayed.
(Set the phase angle for the PLL source of the fundamental wave to 0°.)

Not defined




192 |

12.2 Measurement Specifications

Harmonic Voltage/Current Phase Difference (including fundamental wave components)

Measurement method

Display items

Measurement accuracy

Accuracy range

After harmonic analysis, the difference between harmonic voltage and cur-
rent phase angles is displayed

Harmonic voltage-current phase difference for each channel and sum (total)
value for multiple channels
(For details, see the formula.(page 209))

At 50/60 Hz:

1st to 3rd orders: £2°, 4th to 50th orders: £(0.02° X k+2°) (k: harmonic or-
ders)

At 400 Hz:

1st to 10th orders: £(016° X k+2°) (k: harmonic orders)

However, clamp sensor accuracy is added.

Harmonic voltage and current level for each order within 1% of the range.

Total Harmonic Voltage/Current Distortion Factor

Measurement display

THD-F (total harmonic distortion factor for the fundamental wave)
THD-R (total harmonic distortion factor for the total harmonic including the
fundamental wave)

Total Inter-harmonic Voltage/Current Distortion Factor

Measurement display

THD-F (total inter-harmonic distortion factor for the fundamental wave)
THD-R (total inter-harmonic distortion factor for the total harmonic including
the fundamental wave)

Other Characteristics

Frequency characteristic

Temperature characteristic

Effect of common mode
voltage

Effect of external magnetic
field

69 Hz to 1 kHz: +3%f.s.
1 kHz to 3 kHz: +10% f.s. (RMS voltage, RMS current), +15% f.s. (active
power)

AC: At 50/60 Hz measurement, within £0.03% f.s./°C
At 400 Hz measurement, within +0.05% f.s./°C
(from 0 to 18°C and from 28 to 40°C)
DC: Within £0.1% f.s./°C (from 0 to 18°C and from 28 to 40°C)

+0.2% f.s. or less (600 Vrms, 50/60 Hz, between voltage input terminal and
instrument case)

+2% f.s. or less (600 Vrms, 400 Hz, between voltage input terminal and in-
strument 1/4X3/4)

+1.5% f.s. or less (in a magnetic field of 400 A/m rms, 50/60 Hz)
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Power Range Configuration Tables

When using a 0.1 mV/A (5000A) sensor

When using a 1 mV/A (500A) sensor or
9661 sensor

Current range | 5 5g A 5000.0 A Current range | 5 559 A 500.00 A
Voltage range Voltage range
150.00 V 75.000 k 750.00 k 150.00 V 7.5000 k 75.000 k
300.00 V 150.00 k 1.5000 M 300.00 V 15.000 k 150.00 k
600.00 V 300.00 k 3.0000 M 600.00 V 30.000 k 300.00 k

. When using a 10 mV/A (50A) sensor or

When using a 9660 sensor 9694 sensor

Currentrange | 5, 454 A 100.00 A Currentrange | 5 50 A 50.000 A
Voltage range Voltage range
150.00 V 7.5000 k 15.000 k 150.00 V 750.00 7.5000 k
300.00 V 15.000 k 30.000 k 300.00 V 1.5000 k 15.000 k
600.00 V 30.000 k 60.000 k 600.00 V 3.0000 k 30.000 k
When using a 100 mV/A (5A) sensor When using a 9667 sensor 5000A range

Currentrange| 5, 55 A {5.0000 A Currentrange| 55 55 o | 5.0000 kA
Voltage range Voltage range
150.00 V 75.000 750.00 150.00 V 75.000 k 750.00 k
300.00 V 150.00 1.5000 k 300.00 V 150.00 k 1.5000 M
600.00 V 300.00 3.0000 k 600.00 V 300.00 k 3.0000 M
When using a 9667 sensor 500A range When using a 9669 sensor

Currentrange | 5, 454 A 500.00 A Currentrange | ; 5, 55 o 1.0000 kA
Voltage range Voltage range
150.00 V 7.500 k 75.000 k 150.00 V 15.000 k 150.00 k
300.00 V 15.000 k 150.00 k 300.00 V 30.000 k 300.00 k
600.00 V 30.000 k 300.00 k 600.00 V 60.000 k 600.00 k

Applies to the active power of each channel (unit W), apparent power (unit VA), and reactive power

(unit var).

Event Specifications

Event contents

Event detection method

Measurement used for

event detection

Various events, measurement start, measurement stop
Detects events with OR.

Interruption values of measurements (Inter-harmonics detection is not pos-
sible.) (Event detection for MAX, MIN, and AVE values is not possible.)
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12.3 Setting Functions

System Settings

Measured line
Clamp sensor ratings
Voltage range

PT ratio

Current range

CT ratio

CH1, 2,3
1P2W, 1P3W, 3P3W2M, 3P3W3M, 3P4W
0.1 mV/A, 1 mV/A, 10 mV/A, 100 mV/A

150V, 300V, 600 V

1, 60, 100, 200, 300, 600, 700, 1000, 2000,
2500, 5000, VARIABLE (0.01 to 9999.99)

When using a 0.1 mV/A sensor:
500 A, 5000 A

When using a 1 mV/A sensor:
(9661): 50 A, 500 A
(9660): 50 A, 100 A

When using a 10 mV/A sensor:
(9694):5 A, 50 A

When using a 100 mV/A sensor:
500 mA, 5 A

When using a 9667 sensor:
(5000 A range): 500 A, 5000 A
(500 A range): 50 A, 500 A

When using a 9669 sensor:
100 A, 1000 A

1, 40, 60, 80, 120, 160, 200, 240, 300, 400,

600, 800, 1200, VARIABLE (0.01 to 9999.99)

CH4
AC, DC, and OFF

Same as CH1, CH2, and CH3.

For AC: 60V, 150V, 300V, 600 V
For DC: 60V, 600 V

Same as CH1, CH2, and CH3.

Same as CH1, CH2, and CH3.

Same as CH1, CH2, and CH3.

Measured line frequency

PLL synchronization/Fre-
guency source

Measured RMS voltage
selection

Measured harmonic selec-
tion

Measured harmonic distor-
tion factor selection

Power factor selection
Flicker measurement selec-
tion

Nominal voltage

Voltage recording

Flicker measurement CH
Filter

EN50160

50/60 Hz
Voltage: U1, U2, U3

Phase-to-neutral voltage and line-to-line voltage

RMS and % of fundamental (content percentage)

THD-F (basic wave standard)/THD-R (total harmonic value standard)

Power factor/Displacement power factor

OFF/A V10/ Pst,PIt

100/ 101/ 110/ 120/ 200/ 202/ 208/ 220/ 230/ 240/ 277/ 346/ 380/ 400/ 415/
480/ 600/ VARIABLE (50 to 600 V in 1 V increments)

Urms/ AU/ S(t)

Ul to U3

120 V lamp/ 230 V lamp
ON/ OFF
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Display language
Beep

Screen colors
LCD backlight
Real-time settings
System reset

Version information
Timer interval
Timer

English, German, French, Italian, Spanish, Japanese
ON/ OFF

COLOR 1 to 4, MONO

ON/ Auto OFF (Im,5m, 10 m, 30 m, 1 h)
Year/month/day/hour/minute

You can reset the unit to its defaults with the system's reset procedure.
(This does not reset the display language, clock, IP address, or subnet
mask.)

Software version display
OFF,1m,5m,10m,30m, 1h,2h
OFF/COPY/EVENT

Measurement Time Control Settings

Real time control

Start and end time settings

OFF (Manual) / ON (time settings)

year/month/day/hour/minute (24-hour clock)

Time Series Data Settings

Interval settings
MAX/MIN/AVE settings
Recorded item settings

1s5,3s5,155,30s,1m,5m,10m,30m,1h,2h
AVE value/(MAX value, MIN value, AVE value)
Pattern 1, Pattern 2, Pattern 3

1: Power/ 2: P&Harm/ 3: ALL DATA 1: Power/ 2: P&Harm/ 3: ALL DATA
Recorded item Pattern |1 2 3 Recorded item  Pattern 1 2 3
Voltage (one wave shifted - - - Harmonic voltage X
over half a wave)
Frequency P P pe Harmonic current X
RMS voltage value ° ® °® Harmonic power X
RMS current value ® ® °® Harmonic voltage-current % - -
phase difference
Voltage waveform peak ® ° e :
Inter-harmonic voltage X X
Current waveform peak ® ® °®
Active power ) ) S Inter-harmonic current X X
Apparent power P P e Total harmonic voltage distor- ~ ~ ~
} tion factor
Reactive power ® ® b Total harmonic current distor- - - -
Power factor/Displacement ° ° ® tion factor
power factor Total inter-harmonic voltage X X -
Voltage unbalance factor ® ® ) distortion factor
Current unbalance factor ® ® Total inter-harmonic current % % -
distortion factor
K factor ) ) °
Flicker (A V10 or Pst, PLt) ° ° °
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Data Save Settings (save methods for time series data and event data)

Data save area Always saves data in the internal memory (when a PC card is connected,
saves data on the PC card as well)
Settings when the data save STOP/LOOP

area is full (When “LOOP” is set: Time series data in internal memory: first in first out,
event data: the worst event data is overwritten)

External Interface Settings

RS-232C output point printer/modem/OFF (The LAN may be used when modem is not set as the
output point.)
RS-232C settings Baud rate (bps): 9600, 19200, 38400, 57600, 115200

(Other settings are fixed, transfer method: asynchronous communication
method, data length: 8 bits, parity check: none, stop bit: 1, flow control:
off, delimiter: CR + LF)

Modem setting Modem communication monitoring time: OFF/ 1min/ 5min/ 10min/ 30min

LAN settings IP address: 3 characters.3 characters.3 characters.3 characters
(***.***.***.***)

Subnet mask: 3 characters.3 characters.3 characters.3 characters
(***.***.***.***)

PC Card Settings

Auto-save settings OFF, BINARY, TEXT
PC card access function Load (BINARY only), Save (BINARY or TEXT), Delete, Initialize
TEXT content setting Fundamental, power, and channel settings.

Harmonics, maximum order number, and channel settings.

Repeated Recording Settings

Repeated recording settings OFF/ 1 day/ 1 week

The number of repeated 1to 99 times
recording operations

Repeated recording function operable when MemoryFull: LOOP, Auto Saves: Binary, and Time-
Start: ON.
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Item

Transient overvoltage
Voltage swell

Voltage dip

Voltage interruption
Voltage frequency

Voltage waveform peak (+)
Current waveform peak ()

RMS voltage value

RMS current value
Active power
Apparent power
Reactive power

Power factor/Displacement

power factor

Voltage unbalance factor
Current unbalance factor

Harmonic voltage
Harmonic current

Harmonic power

Harmonic voltage-current

phase difference

Total harmonic voltage dis-

tortion factor

Total harmonic current dis-

tortion factor
K factor

Harmonic voltage distortion

External event

*1: Settings can be made individually for each harmonic order.

Order

selection™!

1st to 50th
orders

1st to 50th
orders

1st to 50th
orders

1st to 50th
orders

Measure-
ment selec-
. *2

tion

Inter-phase/
line-to-line

PF/DPF

RMS/%
RMS/%

RMS/%

-FIR

-FI-R

Posi-
tive and
tive s
+

Approx-
imately

+

+

Up and
down
sense

I+

I+

I+

I+

I+

Channel
selec-
tion™
1,2,3
1,2,3
1,2,3
1,2,3

PLL
source

1,2,3
12,3

1,23
12,3
12,3

1,2,3
12,3

12,3

123
12,3
123
123
123

12,3

12,3
1,2,3

Input
Terminal

sum

sum

sum

sum

sum

sum

sum

sum

OFF
OFF
OFF
OFF

OFF

OFF
OFF

OFF

OFF
OFF
OFF
OFF

OFF

OFF
OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF
OFF

OFF

Threshold™

0 to 2000 V pk
0 to 200%
0 to 100%
0 to 100%

0to 30 Hz

0to 1800 V
0to 2000 A

0to 600 V rms
O0to 60V rms

0 to 500 A RMS
0 to 3 MW (9MW)
0to 3 MVA

0 to 3 Mvar

Oto1l

0 to 100%
0 to 100%

O0to 600 V/
0 to 100%

0 to 5000 A/
0 to 100%

0to 3 MW/
0 to 100%

0 to 180°

0 to 100%

0 to 500%

0to 500
0 to 100%

None

*2: Measurement settings can be selected for each type of measurement (inter-phase or line-to-line, RMS or

%, and -F or -R).

*3: Plus and minus (%) indicates that the threshold is specified as the absolute value. (Detects events using
absolute values regardless of if they are positive or negative.)
*4: You can set the threshold of channels that are separate and not off. (However, only 1, 2, and 3 are com-

mon settings.)

*5: The recorded threshold is the value multiplied when the PT ratio and CT ratio are set.
Hysteresis is set as a percentage of the threshold and for all measurements at once (default setting: 1%).
However, it is fixed at 0.1 Hz.
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Other Functions
Warning functions

12.3 Setting Functions

Incorrect connection check

Out of range
Out of crest factor

PLL unlock

Connection diagram screen: Check that the connection and clamp sensor
are not reversed.
Connection check screen: Check the phase order.

When the input exceeds the range by 130%, displays ---.---.

When the input peak value of the waveform is 3 times the voltage range or
4 times the current range, displays Out of crest factor.

When PLL lock is not selected during an interruption, the device switches to
the fixed clock (without gaps), and PLL unlock is displayed for that duration.

Other functions

Display hold function

Key lock function
Read settings function

External event input/output
function

LCD backlight auto-off func-
tion

Manual event function

You can hold and release the displayed value by pressing the DATA HOLD
key.

All key operations except the power switch operations are disabled.

Settings can be read using the internal memory or a Flash ATA card.
Number of settings that can be saved in the internal memory: up to 10

External event input

External eventinput is possible for TTL low level (when the voltage drops to
less than approximately 2.5 V or there is a short circuit) between the GND
terminal and the EVENT IN terminal.

External event output

For TTL low output when each type of event occurs between the GND ter-
minal and the EVENT OUT terminal.

The backlight automatically turns off after the set time elapses since the last
key operation.

After the backlight automatically turns off, the LCD lights automatically when
you push any key (also effective in key lock).

An event can be manually generated by simultaneously pressing the ESC
and EVENT keys.

HTTP server function

Description

Connection method
Supported software

Remote control application function

Start and finish measurement control function

System settings function

Event list function (you can also display waveforms, vectors, and harmonics
bar graphs for events) (you can convert event waveforms into text)

LAN interface or RS-232C interface

Internet Explorer 4 or later

EN50160 function

See the product specifications in the Instruction Manual for EN50160.
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Voltage dips, voltage swells, and interruptions U (V rms)

Single-phase 2-wire Single-phase 3-wire Three-phase 3-wire Three-phase 3-wire
1P3W

Three-phase 4-wire

1P2W 3P3W2M 3P3W3M 3P4W
Ul Ul Line-to-line voltage | Line-to-line voltage | Phase-to-neutral
uz2 voltage
— Ul
Uc= U2
u3

« Calculate a single waveform that has been overlapped half a wave at 256 points/wave. (M=256)
« Search for voltage dips, voltage swells, and interruptions based on the above RMS voltage value.

c: measured channel M: number of samples per cycle s: number of sampling points

Voltage waveform peak Up (V peak)

Single-phase 2-wire Single-phase 3-wire Three-phase 3-wire Three-phase 3-wire Three-phase 4-wire
1P2W 1P3W 3P3W2M 3P3W3M 3P4wW
Up1 Up1 Up12 Up12 Up12
Up2 Up32 Up23 Upz2s
Ups1 Upst
Upa Upa Upa Upa Upa

cycles at 50 Hz or every 12 cycles at 60 Hz with a single wave (256 points).

» Calculate the maximum positive and negative voltage waveform peaks of all points about once every 10

« The voltage waveform peak for CH4 can be calculated regardless of the connection method.

c: measured channel M: number of samples per cycle s: number of sampling points

Current waveform peak Ip (Apeak)

Single-phase 2-wire Single-phase 3-wire Three-phase 3-wire Three-phase 3-wire Three-phase 4-wire
1P2W 1P3W 3P3W2M 3P3W3M 3P4W
|p1 |p1 |p1 |p1 |p1
|p2 |p2 |p2 |p2
|p3 |p3
[ pa lpa Ipa lpa Ipa

» Calculate the maximum positive and negative current waveform peaks of all points about once every 10

cycles at 50 Hz or every 12 cycles at 60 Hz with a single wave (256 points).

« The current waveform peak for CH4 can be calculated regardless of the connection method.

c: measured channel M: number of samples per cycle s: number of sampling points
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RMS voltage U (V rms)

Single-phase 2-wire
1P2W

Single-phase 3-wire
1P3W

Three-phase 3-wire
3P3W2M

Three-phase 3-wire
3P3W3M

Three-phase 4-wire
3P4AW

Ul Ul line-to-line voltage |Line-to-line voltage |Phase-to-neutral
uz2 voltage
U4 u4 ul
u2
Uc= u3
1M_l 2
Usi= MZ(U?’S)
S=0
U4 u4 U4
Phase-to-neutral |Phase-to-neutral Line-to-line voltage
voltage voltage
Us=
U4 U4
Line-to-line voltage | Line-to-line voltage |Phase-to-neutral
voltage
1
UaVe:z(Ul"'UZ) Uave=%(U12+U32) Uave=%(U12+U23+U31) Uave:%(U1+Uz+U3)

Phase-to-neutral
voltage

Phase-to-neutral
voltage

Uave:%(u1+Uz+u3)

Line-to-line voltage

Uav&%(U12+U23+U31)

* RMS voltage is calculated about once everyl0 cycles at 50 Hz or every 12 cycles at 60 Hz with a single
wave (256 points).

» Make the neutral point the center and calculate the phase-to-neutral voltage for three-phase 3-wire con-
nections. The RMS voltage for CH4 can be calculated regardless of the connection method.

» Use the line-to-line voltage calculated for three-phase 3-wire and three-phase 4-wire connections to cal-
culate A V10.(See the formula forA V10.)

¢: measured channel M: number of samples s: number of sampling points
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Single-phase 2-wire
1P2W

Single-phase 3-wire
1P3W

Three-phase 3-wire
3P3W2M

Three-phase 3-wire
3P3W3M

Three-phase 4-wire
3P4W

I1
I2

la

l1

Iavec%(lﬁlz)

Iavec%(lﬁlz)

Iavec%(l 1+l2+3)

Iavet:%(ll+lz+|3)

wave (256 points).

e Calculate RMS current about once every 10 cycles at 50 Hz and every 12 cycles at 60 Hz with a single

« The RMS current for CH4 can be calculated regardless of the connection method.

c: measured channel M: number of samples s: number of sampling points

Active power P (W)

Single-phase 2-wire
1P2W

Single-phase 3-wire
1P3W

Three-phase 3-wire
3P3W2M

Three-phase 3-wire
3P3W3M

Three-phase 4-wire
3P4W

P1 P1 P1 P1 P1
R P2 P2 P2 P2
Pc=y; > (Ucsxics) Ps Ps
S0
Psum=P1+P2 Psum=P1+P2 Psum=P1+P2+P3 Psum=P1+P2+P3

wave (256 points).

e Calculate active power about once every 10 cycles at 50 Hz or every 12 cycles at 60 Hz with a single

For three-phase 3-wire 3M and three-phase 4-wire connections, use phase-to-neutral voltage as the volt-
age waveform Ucs.

Three-phase 3-wire 3M: Uls = (Uls - U3s)/3, U2s = (U2s - U1s)/3, and U3s = (U3s - U2s)/3

Polarity symbols for active power P indicate the power direction when power is being consumed (+P) and
when power is being regenerated (-P).

¢: measured channel M: number of samples s: number of sampling points

Apparent power S (VA)

Single-phase 2-wire

Single-phase 3-wire

Three-phase 3-wire

Three-phase 3-wire

Three-phase 4-wire

1P2W 1P3W 3P3W2M 3P3W3M 3P4wW
S S S S S
Sc=Ucxlc S S S S
(When P>, make P = St S
S.)
SSUM=Si+S /3 SSUMFSI+S+S SSUMFSI+S+S
Ssum= > (S+S)

« For three-phase 3-wire 3M and three-phase 4-wire connections, use phase-to-neutral voltage for Uc.

c: measured channel M: number of samples s: number of sampling points
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Reactive power Q (var)

Single-phase 2-wire Single-phase 3-wire Three-phase 3-wire Three-phase 3-wire Three-phase 4-wire
1P2W 1P3W 3P3W2M 3P3W3M 3P4W
Qu Qu Qu Qu Qu
Qe=sic/s?pP | Qe Qe Qe
Qs Qs
Qsum=Q1+Q2 Qsum=Q1+Q2 Qsum=Q1+Q2+Qz | QsuM=Q1+Q2+Q3

» The polarity symbol sic for reactive power Q indicates a LAG or LEAD in polarity; no symbol indicates a
LAG, while the “-” symbol indicates a LEAD.
» Calculate the harmonic reactive power of each measured channel (c) using the polarity symbol sic, and

attach the opposite symbol for fundamental wave reactive power (using k = 1 (1st order)). (See the har-
monic reactive power formula.)

c: measured channel M: number of samples s: number of sampling points

Power factor PF

Single-phase 2-wire Single-phase 3-wire Three-phase 3-wire Three-phase 3-wire Three-phase 4-wire
1P2W 1P3W 3P3W2M 3P3W3M 3P4wW
PF1 PF1 PF1 PF1 PF1
PFc=sidP¢ PF2 PF2 PF2 PF2
PFs PFs
PFsumesisumPen | PFsum=sisumPent | PRsumesisumPan | PRsume=sisunmPan
S Su Sum Su

» The polarity symbol si for power factors indicates a LEAD or LAG in polarity; no symbol indicates a LAG,
while the “-” symbol indicates a LEAD.

» Calculate the harmonic reactive power using the polarity symbol sic and attach the symbol for the funda-
mental wave reactive power (using k = 1 (1st order) for each measured channel (c)).

» Calculate the harmonic reactive power using the polarity symbol sisum and attach the opposite symbol of

the sum of the fundamental wave reactive power (using k = 1 (1st order)). (See the harmonic reactive
power formula.)

c: measured channel, k: order for analysis
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Single-phase 2-wire Single-phase 3-wire Three-phase 3-wire Three-phase 3-wire Three-phase 4-wire
1P2W 1P3W 3P3W2M 3P3W3M 3P4W
DPF1 DPF1 DPF1 DPF1 DPF1
DPFC:Sidcosecjj DPF2 DPF2 DPF2 DPF2
DPFs DPF3
DPFsumesisumPem! | DPFsume=sisumPam! | DPFsumesi sunPem! | DPF sumesi surmPam?
Saum] Saumyl Saumi Ssumyl

« The polarity symbol si of power factors indicates a LEAD or LAG in polarity; no symbol indicates a LAG,
while the “-” symbol indicates a LEAD.

e Calculate the harmonic reactive power using the polarity symbol sic and attach the symbol for the funda-
mental wave reactive power (using k = 1 (1st order) for each measured channel (c)).

« Calculate the harmonic reactive power using the polarity symbol sisum and attach the opposite symbol for
the sum of the fundamental wave reactive power (using k = 1 (1st order)). (See the harmonic reactive
power formula.(page 206))

< 0cl indicates the voltage-current phase difference for the fundamental wave. (See the voltage-current
phase difference formula.(page 209))

« Psuml indicates the total of fundamental wave power and the formula becomes k = 1 for the sum of har-
monic power. (See the harmonic power formula.(page 206))

< Ssuml indicates the total of fundamental wave apparent power and can be searched for using the funda-
mental wave RMS voltage and fundamental wave RMS current. (For information on the formulae for har-
monic voltage, harmonic current, and the sum of apparent power, see (page 204).)

c: measured channel, k: order for analysis

Voltage unbalance factor Uunb (%)

Single-phase 2-wire

Single-phase 3-wire

Three-phase 3-wire

Three-phase 3-wire

Three-phase 4-wire

1P2W 1P3W 3P3W2M 3P3W3M 3P4W
Uunb= 22/38B.100 | Uunb= |A=£3-8B.100
\ 1+./36B 1+/36p
4 114,14
_ YUptUpstUy _ USHUz+Ug
. _ UptUptls,
(UZ+U2+U2) (U2+U2+U 321)2

e For U1z, U2z, and Uzi, use the fundamental wave RMS voltage from the calculated harmonics results.

e Calculate the Discrete Fourier Transform of the harmonic RMS voltage at 2048 points (about once every
10 cycles at 50 Hz or every 12 cycles at 60 Hz).

« For three-phase 4-wire configurations, this is detected using phase-to-neutral voltage but can be con-
verted and calculated using line-to-line voltage.
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Current unbalance factor lunb (%)

Single-phase 2-wire
1P2W

Single-phase 3-wire
1P3W

Three-phase 3-wire
3P3W2M

Three-phase 3-wire
3P3W3M

Three-phase 4-wire
3P4W

1-/ 3—6[3
maep O

4,14 4
— |12+|23+|31

T 2,121 242
(I ¥ty

lunb=

lunb=

4,4
_ |12+|23

T2.02.0242
(I 5ty

1-/ 3—6[3
maep O

4
+|31

monics results.

» For l12, 123, and I31, use the fundamental wave RMS current (line-to-line current) from the calculated har-

» Calculate the Discrete Fourier Transform of harmonic RMS current at 2048 points (about once every 10
cycles at 50 Hz or every 12 cycles at 60 Hz).
» For three-phase 3-wire and three-phase 4-wire configurations this is detected using phase current, but
can be converted and calculated using line-to-line current.

Harmonic voltage Uk (V rms) (including adjacent inter-harmonics components)

Single-phase 2-wire

Single-phase 3-wire

Three-phase 3-wire

Three-phase 3-wire

Three-phase 4-wire

1P2W 1P3W 3P3W2M 3P3W3M 3P4wW
U1k Uik U1k U1k Uik
Uak U2k Us2k U23k U2k
U’ck=/(Uckn)™+(Ucki)? Vs U«
Uak Uak Uak Uak

e Calculate the Discrete Fourier Transform of harmonic RMS voltage at 2048 points (about once every 10
cycles at 50 Hz or every 12 cycles at 60 Hz).

 Indicates the results of the harmonic calculations of line-to-line voltage for three-phase 3-wire configura-
tions and the results of harmonic calculations of phase-to-neutral voltage for three-phase 4-wire configu-
rations.

» For harmonic voltage content percentage, divide the fundamental wave voltage component by the har-
monic voltage component of the specified order, then multiply by 100.

* When using 60 Hz, the number “10” in the expression above is “12.”

c: measured channel, k: order for analysis, r: resistance after FFT, i: reactance after FFT

Harmonic current Ik (A rms) (including adjacent inter-harmonic components)

Single-phase 2-wire
1P2W

Single-phase 3-wire
1P3W

Three-phase 3-wire
3P3W2M

Three-phase 3-wire
3P3W3M

Three-phase 4-wire
3P4W

|1k
| ak

I”ck=/(1ckr)*+(I cki)?

2
I 7
10k+n)
_ 10

l1k
12k

lak

l1k
l2k

| ak

Ik
I 2k
3k
| 4k

l1k
12k
I3k
lak

e Calculate the Discrete Fourier Transform of harmonic RMS current at 2048 points (about once every 10

cycles at 50 Hz or every 12 cycles at 60 Hz).

» For harmonic current content percentage, divide the fundamental wave current component by the har-

monic current component of the specified order, then multiply by 100.

* When using 60 Hz, the number “10” in the expression above is “12.”

c: measured channel, k: order for analysis, r: resistance after FFT, i: reactance after FFT
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Single-phase 2-wire
1P2W

Single-phase 3-wire
1P3W

Three-phase 3-wire
3P3W2M

Three-phase 3-wire
3P3W3M

Three-phase 4-wire
3P4AW

Uik
Uak

U’ck=,/(Uckr)®+(Ucki)®

Uik
U2k

Uak

U1k
U3z

Uak

Uik
U23k
Usik
Uak

Uik
U2k
Usk
Uak

« Calculate the Discrete Fourier Transform of harmonic RMS voltage at 2048 points (about once every 10

cycles at 50 Hz or every 12 cycles at 60 Hz).

* Inthe equation above, 3 and -3 are used at 50 Hz, and 4 and -4 are used at 60 Hz. k= 0.5, 1.5, 2.5, 3.5,,,
 Indicates the results of the harmonic calculations of line-to-line voltage for three-phase 3-wire configura-
tions and the results of harmonic calculations of phase-to-neutral voltage for three-phase 4-wire configu-

rations.

« For inter-harmonic voltage content percentage, divide the fundamental wave voltage component by the

inter-harmonic voltage component of the specified order, then multiply by 100.
* When using 60 Hz, the number “10” in the above expression is “12.”

¢: measured channel, k: order for analysis, r: resistance after FFT, i: reactance after FFT

Inter-harmonic current Ik (A rms)

Single-phase 2-wire
1P2W

Single-phase 3-wire
1P3W

Three-phase 3-wire
3P3W2M

Three-phase 3-wire
3P3W3M

Three-phase 4-wire
3P4wW

1k
| 2k

I”ck=./(Ickr)?+(Icki)’

1k
I 2«

lak

l1k
12k

lak

l1k
I 2«
I3k
| ak

1k
2k
3k
| ak

« Calculate the Discrete Fourier Transform of harmonic RMS current at 2048 points (about once every 10

cycles at 50 Hz or every 12 cycles at 60 Hz).

 In the equation above, 3 and -3 are used at 50 Hz, and 4 and -4 are used at 60 Hz. k=10.5, 1.5, 2.5,

3-5111

< For inter-harmonic current content percentage, divide the fundamental wave current component by the

inter-harmonic current component for the specified order, then multiply by 100.
« When using 60 Hz, the number “10” in the above expression is “12.”

c: measured channel, k: order for analysis, r: resistance after FFT, i: reactance after FFT
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Harmonic power Pk (W)

Single-phase 2-wire g_icv?rlg-phase ;'miari-phase Three-phase 3-wire Imieri-phase
1P2w 1P3W 3P3W2M 3P3W3M 3PaW
Pk Pk Pk 1 1 Pk
Pck=U aex] o+ Ukixc e | P2k Pax Plkzé(Ulkr—USkr)X| 1kr+§(Ulki—U3ki)><| 1K | P
1 1 Pax
P2k=§(U2kr—U 1kr)XI 2kr+§(U2ki—U 1k )X 2%
PSk:%(Uskr—U 2k )XI 3kr+%(U3ki—U 2ki )X 3ki
Psumk= Psumk= Psumk= P+ P2+ Pak Psumk=
Pt P2k Pkt P2k Pkt Pt Pak

Calculate the Discrete Fourier Transform of harmonic power (harmonic active power) at 2048 points for
voltage and current (about once every 10 cycles at 50 Hz or every 12 cycles at 60 Hz).

For harmonic power content percentage, divide the fundamental wave power component by the harmonic
power component of the specified order, then multiply by 100.

Harmonic reactive power Qk (var) (only for use with internal calculation)

c: measured channel, k: order for analysis, r: resistance after FFT, i: reactance after FFT

: : Single-phase | Three-phase 3- : Three-phase
fg]zg\}s-phase 2-wire 3-wire wire ggge\/%-é)hr)lase 3-wire A-wire
1P3W 3P3W2M 3P4W
Qux Qik Qi 1 1 Qu
Qck=Udxl si—Udix! cia | Q2K Qx Q1k=§(U wkr—Uskr) x| 1kr—§(U wi—Us3ki)x 11k | Qax
Qs
sz:%(uzkr—u 1kr)XI 2kr—%( Uzki—U 1) X1 2i
Q3k=%(U3kr—U 2k )XI 3kr~%(U3ki—U 2ki)X | 3k
Qsumk= Qsumk= Qsumk= Q1k+ Qax+ Qs Qsumk=
Qi+ Qx Qakt+ Qux Qi+ Q2+ Qak

» Calculate the Discrete Fourier Transform of harmonic reactive power at 2048 points for voltage and cur-
rent (about once every 10 cycles at 50 Hz or every 12 cycles at 60 Hz).

K factor KF

c: measured channel, k: order for analysis, r: resistance after FFT, i: reactance after FFT

Single-phase 2-wire

Single-phase 3-wire

Three-phase 3-wire

Three-phase 3-wire

Three-phase 4-wire

1P2W 1P3W 3P3wW2M 3P3W3M 3P4W
KF1 KF1 KF1 KF1 KF1
KF4 KF2 KF2 KF2 KF2
© KFs KFs
Z(kleczk) KF4 KF4 KF4 KF4
KFec="o—

215
k=1

cycles at 50 Hz or every 12 cycles at 60 Hz).

The K factor is also called the multiplication factor, and indicates the power loss using the harmonic RMS
current for the electrical transformer.

Calculate the Discrete Fourier Transform of harmonic RMS current at 2048 points (about once every 10

c: measured channel, k: order for analysis
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Total harmonic voltage distortion factor THDUF (%)
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Single-phase 2-wire

Single-phase 3-wire

Three-phase 3-wire

Three-phase 3-wire

Three-phase 4-wire

1P2W 1P3W 3P3W2M 3P3W3M 3P4W
THDUF1 THDUF1 THDUF12 THDUF12 THDUF1
THDUF4 THDUF2 THDUF32 THDUF23 THDUF2
THDUF31 THDUF3
THDUF4 THDUF4 THDUF4 THDUF4
THDUFc

e Calculate the Discrete Fourier Transform of harmonic RMS voltage at 2048 points (about once every 10

cycles at 50 Hz or every 12 cycles at 60 Hz).
» Three-phase 3-wire indicates the result of harmonic calculation with line-to-line voltage.
* In the equation above, K indicates the total of orders analyzed.
» Select THDUF or THDUR to calculate the total harmonic voltage distortion factor.

c: measured channel, k: order for analysis

Total harmonic current distortion factor THDIF (%)

Single-phase 2-wire

Single-phase 3-wire

Three-phase 3-wire

Three-phase 3-wire

Three-phase 4-wire

1P2W 1P3W 3P3W2M 3P3W3M 3P4W
THDIF1 THDIF1 THDIF1 THDIF1 THDIF1
THDIF4 THDIF2 THDIF2 THDIF2 THDIF2
THDIF3 THDIF3
THDIF4 THDIF4 THDIF4 THDIF4
THDIFc

e Calculate the Discrete Fourier Transform of harmonic RMS current at 2048 points (about once every 10

cycles at 50 Hz or every 12 cycles at 60 Hz).
 In the equation above, K indicates the total of orders analyzed.
» Select either THDIF or THDIR to calculate the total harmonic current distortion factor.

c: measured channel, k: order for analysis

Total harmonic voltage distortion factor THDUR (%)

Single-phase 2-wire

Single-phase 3-wire

Three-phase 3-wire

Three-phase 3-wire

Three-phase 4-wire

1P2W 1P3W 3P3W2M 3P3W3M 3P4W
THDURL THDURL THDUR12 THDURI2 THDURL
THDUR4 THDUR2 THDURB2 THDUR23 THDUR2
< THDURB1 THDUR3
> (Us? THDUR4 THDUR4 THDUR4 THDUR4
THDURc= ‘Tj 100
2 (Uay?
k=1

» Calculate the Discrete Fourier Transform of harmonic RMS voltage at 2048 points (about once every 10

cycles at 50 Hz or every 12 cycles at 60 Hz).
» Three-phase 3-wire indicates the result of harmonic calculation with line-to-line voltage.
* In the equation above, K indicates the total of orders analyzed.
« Select either THDUF or THDUR to calculate the total harmonic voltage distortion factor.

c: measured channel, k: order for analysis
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Total harmonic current distortion factor THDIR (%)

Single-phase 2-wire
1P2W

Single-phase 3-wire
1P3W

Three-phase 3-wire
3P3W2M

Three-phase 3-wire
3P3W3M

Three-phase 4-wire
3P4W

THDIRc=A——

THDIR1 THDIR1 THDIR1 THDIR1 THDIR1
THDIR4 THDIR2 THDIR2 THDIR2 THDIR2
THDIR3 THDIR3

THDIR4 THDIR4 THDIR4 THDIR4

cycles at 50 Hz

or every 12 cycles at 60 Hz).

 In the equation above, K indicates the total of orders analyzed.
» Select either THDIF or THDIR to calculate the total harmonic current distortion factor.

e Calculate the Discrete Fourier Transform of harmonic RMS current at 2048 points (about once every 10

c: measured channel, k: order for analysis

Harmonic voltage phase angle 06Uk (deg)

Single-phase 2-wire
1P2W

Single-phase 3-wire
1P3W

Three-phase 3-wire
3P3W2M

Three-phase 3-wire
3P3W3M

Three-phase 4-wire
3P4W

Aok AUk Aok Aok AUk
Aok Quzk Auzzk Bu23k Buzk
Buzik Busk

-1) Uckr
eUck=tan {—_Ucki} Quak BQuak Quak Quak

» Calculate the Discrete Fourier Transform of harmonic RMS voltage at 2048 points (about once every 10
cycles at 50 Hz or every 12 cycles at 60 Hz).
Three-phase 3-wire indicates the result of harmonic calculation with line-to-line voltage.

» Corrects the PLL source fundamental wave to 0° and displays the harmonic voltage phase angle.
» When Uckr=Ucki=0 6Uk=0°.
» The harmonic voltage used in calculations is only taken from integral harmonics.

c: measured channel, k: order for analysis, r: resistance after FFT, i: reactance after FFT

Harmonic current phase angle 6lk (deg)

Single-phase 2-wire Single-phase 3-wire | Three-phase 3-wire | Three-phase 3-wire | Three-phase 4-wire
1P2W 1P3W 3P3W2M 3P3W3M 3P4wW
A1k Gk A1k Bk Ak
A G Ak Bk Ak
_ -1 ICkr Ak A3k
Blck=tan {—I ki Aax BAax Aax Aax

e Calculate the Discrete Fourier Transform of harmonic RMS current at 2048 points (about once every 10

cycles at 50 Hz or every 12 cycles at 60 Hz).

» Corrects the PLL source fundamental wave to 0° and displays the harmonic current phase angle.

* When Ickr=Icki=0 Ak=0°.
» The harmonic current used in calculations is only taken from integral harmonics.

c: measured channel, k: order for analysis, r: resistance after FFT, i: reactance after FFT
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Single-phase 2-wire | Single-phase 3-wire Three-phase 3-wire Three-phase 3-wire Three-phase 4-wire
1P2W 1P3W 3P3W2M 3P3W3M 3P4AW
Bk Ok Gk Ok Bk
Bti= Bik- Beuk O Bk O B
Bk B«
-f Qsumk -1] Qsumk -1 Qsumk 1] Qsumk
Osum=tan Osum=tan Osum~tan =
{ Psumk} { Psumk} Psumk [ | OSUMEtan 1\ Bk

Calculate harmonic power at 2048 points for voltage and current (about once every 10 cycles at 50 Hz or
every 12 cycles at 60 Hz).

When Psumk=Qsumk=0, &k=0°.
Psumk indicates the total harmonic power. (See the harmonic power formula.)
Qsumk indicates the total harmonic reactive power. (See the harmonic reactive power formula.)

¢: measured channel, k: order for analysis, r: resistance after FFT, i: reactance after FFT

Voltage fluctuation AU (Vrms)

Single-phase 2-wire
1P2W

Single-phase 3-wire
1P3W

Three-phase 3-wire
3P3W2M

Three-phase 3-wire
3P3W3M

Three-phase 4-wire
3P4AW

AUe=Uc-Ur

AUq)
AU

AUq@a2)
AU@32)

AU@2)
AU23)
AU

AUq)
AU
AU)

“Ur” is the same value as the nominal voltage for standard voltage with respect to voltage fluctuations.

c: measured channel, r: resistance after FFT
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Voltage flicker AV10 (V)

Single-phase 2-wire Single-phase 3-wire | Three-phase 3-wire | Three-phase 3-wire | Three-phase 4-wire
1P2W 1P3W 3P3W2M 3P3W3M 3P4W
AViow) AVo(1) AV1o(12) AV10(12) AVio(1)
AV102) AV1032) AV10(23) AV102)
Avlo(c)leQQ 3 (@ AUn)’ AVio@y AVioE)
f

» Uris the basic voltage for the change in voltage and Uf is the basic voltage for the voltage flicker, and they
both operate automatically.

» Ur indicates the value passing through the primary LPF (for a response time of 1 m) and Uf indicates the
average RMS voltage over a 1-minute interval.

* an is the flicker luminosity coefficient corresponding to the change in frequency fn (Hz) that can be
detected from the flicker luminosity curve.

» AUn is the change in voltage for fn.

» For connections other than single-phase two-wire, you can select any AV10 value for calculation.

c: measured channel

AV10 Perceived flicker curve
AV10 Perceived flicker coefficient

o.; /\

0.6 / \
/
) ’—// y

0.01 0.1 1 10 100

Frequency[Hz]
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: _ o Single-phase Three-phase Three-phase Three-phase
fg‘zg\l/s phase 2-wire 3-wire 3-wire 3-wire 4-wire
1P3W 3P3W2M 3P3W3M 3P4wW
Pst1 Pst1 Pst1 Pst1 Pst1
Pstc=,/K1Po.1+K2P1s+K3Past+K4P10s+KsPsos Pst2 Pst2 Pst2 Pst2
Psts Psts

+ P1s=(P0.7+P1+P1.5)/3
. P3s=(P2.2+P3+P4)/3

* P50s=(P30+P50+P80)/3

 Indicates the following values: K1=0.0314,
« The cumulative probability function (CPF) is in the 1024 class.

« Searches using linear interpolation between the various cumulative probabilities (Pi) and calculates a
smoothed cumulative probability using the following methods (Pis).

e P10s=(P6+P8+P10+P13+P17)/5

K2=0.0525, K3=0.0657, K4=0.28, K5=0.08.

Long interval voltage flicker PIt

c: measured channel

Single-phase 2-wire

Single-phase 3-wire

Three-phase 3-wire

Three-phase 3-wire

Three-phase 4-wire

1P2W 1P3W 3P3wW2M 3P3W3M 3P4W
Plt: Plt1 Plt1 Plt: Plt1
Plt2 Plt2 Plt2 Plt2
Plts Plts
Pltcz

* N indicates the number of measurements (N = 12 measurements).
(When N<12, the number of measurements N is used.)

c: measured channel
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Voltage range

The voltage and current ranges of thrs unrt are as foIIows
This unit is not equipped with an automatic range selection function,
therefore you must select the operation ranges.

Voltage CH1lto3 150V, 300V, 600 V
range CH 4 (AC) 60V, 150V, 300 V, 600V

CH 4 (DC) 60V, 600 V
Current 0.1 mV/A 500 A, 5000 A
range 1 mV/A (9661) 50 A, 500 A

1 mV/A (9660) 50 A, 100 A

10 mV/A (9694) 5A,50A

100 mV/A 05A,5A

5000 A 9667 500A, 5000A

500 A 9667 50A, 500A

1000 A 9669 100A, 1000A

The display and effective measurement ranges (ranges where accu-

racy is certain) of measurem

ent ranges are as follows.

‘ ‘ 660V
600 V Effective measurement range 346 - §00V]
0.9 6V 600V 780V
330V

i 200 - 277V

300 V Effective measurement range 7ML
045V 3v 300V 390V
165V
Effective measurement range 100 - 120V
150V
0.23V 15V 150V 195V
66V
60V Effective measurement range
0.09v 0.6V D|Sp|ay range 60V 78V
0.1v 1.0V 10V 100V 1000V
Input Voltage

Set the nominal voltage so that it does not exceed the selected voltage range.
You can use a nominal voltage of 346 to 600 V in a 600 V voltage range.
You can use a nominal voltage of 200 to 277 V in a 300 V voltage range.
You can use a nominal voltage of 100 to 120 V in a 150 V voltage range.
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Current range

5500A
5000 A Effective measurement range
75A 50A 5000A 6500A
550A
500 A Effective measurement range
0.75A 5A 500A 650A
A 10A 100A 1000A 10000A
110A
Effective measurement range
100 A g
150mA 1A 100A| 130A
55A
50 A Effective measurement range
75mA| 500mA | | 50A 65A
OmA 100mA 1A 10A 100A
| | |
5A Effective measurement range
7.5mA 50mA 5A  65A
550mA
05 A Effective measurement range
0.75mA 5mA 500mA 650mA
mA 10mA 100mA 1A 10A

Input Current
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TIME PLOT screen ---- RMS, HARMONICS

SYSTEM_DF2[MAIN]_[RECORDING] Interval setting period

<

200 ms (50 Hz: 10 waveforms, 60 Hz: 12 waveforms)

ANATA

ANATNA

ANATNA

VAVAY,

VAVAVERRY

vyuyu

JL

JL

L

RMS value 1

RMS value 2

RMS value 3 |

ANATENA

VAVAY;

J L

RMS value N

| MAXRMS value | AVERMSvalue | MIN RMS value |

Recording

Recording

Recording

ex. when Interval:1min,
N=300

MAX and MIN values only for harmonics and inter-harmonics

TIME PLOT screen ---- VOLTAGE

SYSTEM_DF2[MAIN]_ [RECORDING] Interval setting period

200 ms (50 Hz: 10 waveforms, 60 Hz: 12 waveforms)

ANATNA

AVAENA

ANATNA

VAVAY,

VAVAY,

VAVAY,

Ui|j U3 |uUs

‘UZS[U25‘U27‘U29’

{U471U49‘U51‘U53‘

u2 | u4

‘U24 UZGJUZS‘

U48}{U50| US52

E

Voltage RMS value is

waveform shifted over half a wave.

(Example)

calculated for one

24 calculated values U exist within 200
ms at 60 Hz: 12 cycles.

Recording | "y~ | y

Recording

ex. when Interval: 1min,
N=7200
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Event Waveform Recordlng Method

TIME PLOT screen ---- RMS, HARMONICS (Event setting -power and harmonics)

SYSTEM_DF2[MAIN]_[RECORDING] Interval setting period

200 ms (50 Hz: 10 waveforms, 60 Hz: 12 waveforms)

AN ANAN
v U\ VAV, ﬂ\/Uﬂ\/ﬂUﬂ

<L <L <

RMS calculation | EVENT occur | RMS calculation |

J
NN

NN
VEVEAVAVAVIRRY

Event waveform
/\ f\ recording period
U U 50 Hz: 14 waveforms
60 Hz: 16 waveforms

TIME PLOT screen ---- VOLTAGE (Event setting-voltage)

SYSTEM_DF2[MAIN]_[RECORDING] Interval setting period

AN
vuyuyu U

.

| RMS calculation |

Displayed as event waveforms
are 200 ms to which are added
the two preceding waveforms
and the following two wave-
forms.

200 ms (50 Hz: 10 waveforms, 60 Hz: 12 waveforms)

NN N NN N
VAVAVARRVAY/ CRVERRVRVAVAY

uﬂus‘us’ {uzaluzs|E"E|u29’ {u47[u49}u51‘u53’

u2 | U4 U24i1U26 U?28

‘U48[U50JU52‘

e A
WAVASL “AVEY

Event waveform

[\ recording period
U U 50 Hz: 14 waveforms
60 Hz: 16 waveforms

ANATA

U

N-23

U

Displayed as event waveforms
are 200 ms to which are added
the two preceding waveforms
and the following two waveforms.
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Detecting Anomalies and Phenomena Due to Drops in

Pow

SN

Troubles due to drops in power quality:
Interruptions in the reception transformer and malfunctions in the terminal control device

» The light flickers.
 Light bulbs burn out more quickly.
» The OA device malfunctions.

* Sometimes the device does not work correctly.
» The reactor's condenser overheats.
* Sometimes the electrical overload, reverse phase, or missing

phase relays malfunction.

i; Detecting phenomena

Power quality

Waveform display

Phenomenon

Malfunction

thyristor control loads cause
flicker, and voltage impulses
occur regularly during single
and multiple cycles.

Transient Occurs due to phenomena such | Close to the source of the break,
overvoltage as lightning, breaker point dam- | the device’s power is damaged
(impulse) age, or closure on the circuit because of exceptionally high volt-
breaker or relay. ages and this may cause the device
Often occurs when there is a to reset.
radical change in voltage or
when the peak voltage is high.
Voltage dip A momentary voltage drop A drop in voltage may cause the
(SAG) WW}UW occurs caused by large rush device to stop operating or reset.
EYRRRVAVANRYANEYE - currents in the load, such as
starting-up a motor.
Voltage swell Occurs when power lines sub- | A surge in voltage may cause the
(SURGE) i A ject to lightning strikes or heavy | device’'s power to be damaged or
loads are opened and closed, the device to reset.
- causing the voltage to surge
momentarily.
Flicker Blast furnaces, arc welders, and | Because this phenomenon reoc-

curs regularly, it may cause the light
to flicker or the device to malfunc-
tion.

Interruption

Circuit breaker trips occur,
mainly caused by accidents at
power companies (such as
stops in power transmission
because of lightning strikes) or
short circuits, and the power
supply stops momentarily or for
an indefinite time.

Recently, due to the spread of UPS
(uninterruptible power sources),
most of these problems can be
fixed using a computer, but this
may cause the device to stop oper-
ating due to an interruption or to
reset.

to fluctuations in loads con-
nected to each power line
phases, or when operating an
uneven device, the voltage and
current waveforms become dis-
torted, causing voltage drops

Harmonics Many device power sources When harmonic components
now use semiconductor control | become too large, they can cause
devices and harmonics occur | serious accidents, such as over-
because of distorted voltage or | heating the motor transformer or
current waveforms. burning out the reactor connected
to the phase advance capacitor.
Unbalance When the load of the specified | Voltage imbalance, reverse phase-
factor phase becomes too heavy due | to-neutral voltage, and harmonics

may cause accidents such as
uneven motor rotation, 3E breaker
trips, and overload heating in the
transformer.
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LAN

RS-232C

PLL

LAN is the abbreviation of Local Area Network. The LAN was devel-
oped as a network for transferring data through a PC within a local
area, such as an office, factory, or school.

This device comes equipped with the LAN adapter Ethernet 10Base-T.
10Base-T is appointed by IEEE802 and has a data transfer speed of
10 Mbps. Use a twisted-pair cable to connect this device to the hub
(central computer) of your LAN. The maximum length of the cable con-
necting the terminal and the hub is 100 m. Similar to the RS-232C
interface protocol, the LAN interface protocol supports communica-
tions using TCP/IP.

The RS-232C is a serial interface established by the EIA (Electronics
Industries Association), and conforms to the specifications for DTE
(data terminal equipment) and DCE (data circuit terminating equip-
ment) interface conditions.

Using the signal line part of the RS-232C specifications with this unit
allows you to use an external printer, PC, or modem.

When using a PC or modem, the RS-232C interface supports commu-
nications using TCP/IP as the RS-232C protocol. TCP/IP is widely
used as a LAN protocol and is the basic protocol used on the Internet.
These specifications are available to the public on the Internet in a
document called RFC. (ftp://ds.internic.net/rfc)

PLL is the abbreviation of Phase Locked Loop and is a phase synchro-
nization circuit.

This unit is synchronized with the fundamental cycle (at 50 or 60 Hz)
and samples voltage and current input waveforms at a frequency of
256 samples per cycle. This is an effective input waveform sampling
method, used in analyzing harmonics by FFT when sampling at a fre-
quency of 256 samples per cycle.

Conventional measurement instruments could not sample the entire
input waveform unless it was input with PLL (PLL source), therefore
they could not calculate the input waveform. This condition is called
PLL unlock.

However, when no PLL source is found during measurement with this
device, it momentarily switches to the internal clock. The internal clock
is synchronized with a frequency of 256 samples per cycle, the same
as the frequency prior to the occurrence of PLL unlock. Using this
function, sampling is not possible when interruptions occur, but you
can search the waveform for interruptions.

However, it is still possible to calculate harmonics correctly without a
PLL source input because during harmonics analysis a rectangular
window open on the waveform for FFT (10 cycles at 50 Hz or 12
cycles at 60 Hz).

As a warning, PLL synchronization on the SYSTEM settings display
area of the screen or the frequency source area light red.
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The crest factor expresses the size of the dynamic range of input on
the measurement device and can be defined with the following expres-
sion.

Crest factor = crest value (peak value)/RMS value

For example, when measuring a distorted wave with a small RMS and
a large peak on a measurement device with a small crest factor,
because the peak of the distorted wave exceeds the detection range
of the input circuit, an RMS or harmonic measurement error occurs.

: A i Measurement is not
B 100 —— - — — — - it possible _ _ _ _ _ __
5021 - - — -
50| /
0

50+

b - - --100L - - - - \
i Measurement is not
i possible

A measurement device with a small crest factor
(When the crest factor is 2 for a 50 A range)

When you increase the measurement range, the peak does not
exceed the input circuit’'s detection range, but because the resolution
of the RMS decreases, measurement errors may occur.

With this device, because the voltage input area has a crest factor of 3
and the current input area has a crest factor of 4, the peak can be
obtained even for large distorted waves.

T 16-bit resolution

(The crest factor of the current input area is 4.)

However, when a measurement that exceeds the peak is input, it
appears outside the crest factor and you are informed of data that con-
tains measurement errors.
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Harmonics phase angle and harmonic phase difference

K Factor

Purpose of mea-
surement

The harmonic voltage phase angle and harmonic current phase angle
are the standard for the PLL source phase (for input based on PLL
when U1, U2, or U3 is selected on this device) fundamental wave
component.

The differences in phase of each harmonic order component and the
phase of the fundamental wave component is expressed as an angle
(°) and - indicates a LAG, whereas + indicates a LEAD.

The harmonic voltage-current phase difference expresses the differ-
ence between the phase of each harmonic voltage component and the
phase of each harmonic current component of each channel as an
angle (°).

The sum is the total power factor of each harmonic order (calculated
from the total harmonic power and the total harmonic reactive power)
expressed as an angle (°). When the harmonic voltage-current phase
difference is between -90° and +90°, the harmonic order is flowing in
the direction of the load. When it is between +90° and +180° or -90°
and -180°, the harmonic order is flowing away from the load.

90°

Voltage ano
currentphase
difference
LEAD

Voltage and

+180° -current.phase -
angles

LAG

-90°
Harmonic phase angle

Shows the power loss caused by the harmonic current in transformers.
Also referred to as the “multiplication factor.” The K factor (KF) is for-
mulated as shown below:

50
Z (kle 2) k: Order of harmonics
K="2 k Ik: Ratio of the harmonic current to the funda-

50 mental wave current [%0]
| 2
k=2 K

KF =

Higher-order harmonic currents have a greater influence on the K fac-
tor than lower-order harmonic currents.

To measure the K factor in a transformer when subjected to maximum
load. If the measured K factor is larger than the multiplication factor of
the transformer used, the transformer must be replaced with one with
a larger K factor, or the load on the transformer must be reduced. The
replacement transformer should have a K factor one rank higher than
the measured K factor for the transformer being replaced.



Unbalance factor

Degree of unbal-
ance in three-
phasealternating
voltage

Zero-phase/
positive-phase/
negative-phase
voltage
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If the phases of the three-phase alternating voltage (current) each
have the same voltage and deviate from each other by 120 degrees,
the voltage (current) is referred to as “balanced (symmetrical) three-
phase voltage (current).” If the voltages (currents) of the three phases
differ or if the difference between each of the phases is not 120
degrees, the voltage (current) is referred to as “unbalanced (asymmet-
rical) three-phase voltage (current).” Though all of the following
descriptions refer to voltage, they apply to current as well.

Normally described as the voltage unbalance factor, which is the ratio
of negative-phase voltage to positive-phase voltage

Negative-phase voltage
Voltage unbalance x 100 [%]

factor =

=~ Positive-phase voltage

The concept of a zero-phase-sequence/positive-phase-sequence/neg-
ative-phase- sequence component in a three-phase alternating circuit
applies the method of symmetrical coordinates (a method in which a
circuit is treated so as to be divided into symmetrical components of a
zero phase, positive phase, and negative phase).

e Zero-phase-sequence component: Voltage that is equal in each phase.
Described as V. (Subscript 0: Zero-phase-sequence component)

« Positive-phase-sequence component: Symmetrical three-phase voltage
in which the value for each phase is equal, and each of the phases is
delayed by 120 degrees in the phase sequence a->b->c. Described as V.
(Subscript 1: Positive-phase-sequence component)

* Negative-phase-sequence component: Symmetrical three-phase volt-
age in which the value for each phase is equal, and each of the phases is
delayed by 120 degrees in the phase sequence a->c->b. Described as V.
(Subscript 2: Negative-phase-sequence component)

If Va, Vb, and Vc are given as the three-phase alternating voltage, the
zero-phase voltage, positive-phase voltage, and negative voltage are
formulated as shown below.

Va+Vb+V
Zero-phase voltage V = %
. Va+aVb+a?Vc
Positive-phase voltage V,; = —
_ Va+a®Vb+aVc
Negative-phase voltage V, = —

a is referred to as the “vector operator.” It is a vector with a magnitude
of 1 and a phase angle of 120 degrees. Therefore, the phase angle is
advanced by 120 degrees if multiplied by a, and by 240 degrees if

multiplied by a2. If the three-phase alternating voltage is balanced, the
zero-phase voltage and negative-phase voltage are 0, and only posi-
tive-phase voltage, which is equal to the effective value of the three-
phase alternating voltage, is described.
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Unbalance fac-

tor of three-
phase current

The current unbalance factor is several times larger than the voltage
unbalance factor. The less a three-phase induction motor slips, the
greater the difference between these two factors. Voltage unbalance
causes such phenomena as current unbalance, an increase in tem-
perature, an increase in input, a decline in efficiency, and an increase
in vibration and noise.

Displacement power factor (DPF)

PF (power factor)

DPF (displace-
ment power fac-
tor)

The power factor (PF) is the ratio of active power to apparent power.
An inductive load delays the current behind the voltage, and a capaci-
tive load advances the current ahead of the voltage.

0<PF<1 Thereis reactive power, which is the power supplied but
not consumed.

PF=1 All the supplied power is consumed, and there is no
reactive power.

PF=-1 The power, voltage, and current are generated in phase.

-1<PF<0 Phase lead or phase delay of the power and current is
generated.

In general, a power factor is calculated using all effective values, and
harmonic contents are therefore included. In addition to this power
factor (PF), the displacement power factor (DPF) is the ratio of active
power to apparent power. However, the displacement power factor
(DPF) is described using the cosine of the phase difference between
the fundamental wave current and the fundamental wave voltage and
does not include the harmonic contents of voltage or current.

0 <DPF <1 The current phase is ahead of or behind the voltage
phase. Equipment consumes power.

DPF =1 The current and voltage are in phase. Equipment con-
sumes power.

DPF =-1 The current and voltage are in opposite phases. Equip-
ment produces power.

-1 <DPF <0The current phase is ahead of or behind the voltage
phase. Equipment produces power.

The displacement power factor is the same as the power factor in
watt-hour meters used in ordinary homes, and also the same as the
power factor calculated using the true reactive-power-meter method
used in 3196. If the displacement power factor is low (the current is
behind the voltage), add a phase-advancing capacitor to the electric
system for correction. In general, a displacement power factor is used
in an electrical system, and a power factor is used in equipment. In
one neighborhood, the power factor shows a larger value than the dis-
placement power factor.
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tCi:(I)?]ssmca— Header Explanation

Date and |Date Date 2001/8/20

Time Time Time 8:12:00

Voltage |Umax1,..,Umax3 Max. value of voltage fluctuation CH1 - CH3

I:gﬁiua' Umind,..,Umin3 Min. value of voltage fluctuation CHI - CH3

RMS val- |MaxFreq Frequency

;gnﬂuctua- MaxUrmsL,...,MaxUrms4 RMS voltage value CH1 - CH4

Maximum |MaxU+peakl,...,MaxU+peak4 Voltage waveform peak (+) CH1 - CH4

value MaxU-peakl,...,MaxU-peak4 Voltage waveform peak (-) CH1 - CH4
MaxIrms1,...,Maxlrms4 RMS current value CH1 - CH4
Maxl+peakl,...,Maxl+peak4 Current waveform peak (+) CH1 - CH4
Maxl-peakl,...,Maxl-peak4 Current waveform peak (-) CH1 - CH4
MaxUave Average RMS voltage value ave
Maxlave Average RMS current value ave
MaxP1,...,MaxP3 Active power CH1 - CH3
MaxPsum Sum of active power sum
MaxS1,...,MaxS3 Apparent power CH1 - CH3
MaxSsum Sum of apparent power sum
MaxQ1,...,MaxQ3 Reactive power CH1 - CH3
MaxQsum Sum of reactive power sum
MaxPFL1,...,MaxPF3 Power factor/Displacement power factor ~ CH1 - CH3
MaxPFsum Sum of Power factor/Displacement power sum

factor

MaxKF1,...,MaxKF4 K factor CH1 - CH4
MaxUunb Voltage unbalance factor
Maxlunb Current unbalance factor
MaxUthd1,...,MaxUthd4 Total harmonic voltage distortion factor CH1 - CH4
MaxIthd1,...,MaxIthd4 Total harmonic current distortion factor CH1 - CH4
MaxU1(1),...,MaxU4(50) Harmonic voltage CH1-CH4 1st-50th
MaxI1(1),...,Maxl4(50) Harmonic current CH1-CH4 1st-50th
MaxP1(1),...,MaxP3(50) Harmonic power CH1 - CH3 1st- 50th
MaxPhasel(1),...,MaxPhase3(50) |Harmonic voltage-current phase difference CH1-CH3 1st- 50th
MaxPsum(1),...,MaxPsum(50) Harmonic power sum 1st - 50th
g/lljar;]%%a)lsesum(l),...,MaxPhase- Harmonic voltage-current phase difference sum 1st - 50th
MaxUtihd1,...,MaxUtihd4 Total harmonic voltage distortion factor CH1 - CH4
Maxltihd1l,...,MaxItihd4 Total harmonic current distortion factor CH1 - CH4
MaxU1(0.5),...,MaxU4(49.5) Inter-harmonic voltage CH1-CH4 0.5-49.5th
Max11(0.5),...,Max14(49.5) Inter-harmonic current CH1-CH4 0.5-49.5th

*: When A U is selected as the voltage recording setting, Umax1,

..... dUmax3, and Uminl, .....Umin3 becomes dUmin1,

..... dUmin3.

..... Umax3 becomes dUmax1,
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E:(I)?]SSIflca' Header Explanation

RMS val- |MinFreq Frequency

Egr:‘luctua- MinUrmsL,...,MinUrms4 RMS voltage value CH1 - CH4

Minimum |MinU+peakl,... MinU+peak4 Voltage waveform peak (+) CH1 - CH4

value MinU-peakl,...,MinU-peak4 Voltage waveform peak (-) CH1 - CH4
Minlrms1,...,Minlrms4 RMS current value CH1 - CH4
Minl+peakd,...,Minl+peak4 Current waveform peak (+) CH1 - CH4
Minl-peakl,...,Minl-peak4 Current waveform peak (-) CH1 - CH4
MinUave Average RMS voltage value ave
Minlave Average RMS current value ave
MinP1,...,MinP3 Active power CH1 - CH3
MinPsum Sum of active power sum
MinS1,...,MinS3 Apparent power CH1 - CH3
MinSsum Sum of apparent power sum
MinQ1,...,MinQ3 Reactive power CH1 - CH3
MinQsum Sum of reactive power sum
MinPF1,...,MinPF3 Power factor/Displacement power factor ~ CH1 - CH3
MinPFsum Sum of Power factor/Displacement power

factor sum

MinKF1,...,MinKF4 K factor CH1 - CH4
MinUunb Voltage unbalance factor
Minlunb Current unbalance factor
MinUthd1,...,MinUthd4 Total harmonic voltage distortion factor CH1 - CH4
MinlthdZ,...,Minlthd4 Total harmonic current distortion factor CH1 - CH4
MinU1(1),...,MinU4(50) Harmonic voltage CH1-CH4 1st-50th
Minl1(1),...,Minl4(50) Harmonic current CH1-CH4 1st-50th
MinP1(1),...,MinP3(50) Harmonic power CH1-CH3 1st-50th
MinPhasel(1),...,MinPhase3(50) |Harmonic voltage-current phase difference CH1 - CH3 1st- 50th
MinPsum(1),...,MinPsum(50) Harmonic power sum 1st - 50th
g/lljinmlf(’gg)sesum(l),...,MinPhase- Harmonic voltage-current phase difference sum 1st - 50th
MinUtihd1,...,MinUtihd4 Total harmonic voltage distortion factor CH1 - CH4
Minltihd1,...,Minltihd4 Total harmonic current distortion factor CH1 - CH4
MinU1(0.5),...,MinU4(49.5) Inter-harmonic voltage CH1-CH4 0.5-49.5th
Minl1(0.5),...,Minl4(49.5) Inter-harmonic current CH1-CH4 0.5-49.5th
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Eil(l)is&ﬂca- Header Explanation

RMS val- |AveFreq Frequency

:gnﬂuctua— AveUrmsL,..., AveUrms4 RMS voltage value CH1 - CH4

Average AveU+peakl,...,AveU+peak4 Voltage waveform peak (+) CH1 - CH4

value AveU-peakl,...,AveU-peak4 Voltage waveform peak (-) CH1 - CH4
Avelrmsl,...,Avelrms4 RMS current value CH1 - CH4
Avel+peakl,...,Avel+peak4d Current waveform peak (+) CH1 - CH4
Avel-peakl,...,Avel-peak4 Current waveform peak (-) CH1 - CH4
AveUave Average RMS voltage value ave
Avelave Average RMS current value ave
AveP1,...,AveP3 Active power CH1 - CH3
AvePsum Sum of active power sum
AveS1,...,AveS3 Apparent power CH1 - CH3
AveSsum Sum of apparent power sum
AveQl,...,AveQ3 Reactive power CH1 - CH3
AveQsum Sum of reactive power sum
AvePF1,...,AvePF3 Power factor/Displacement power factor ~ CH1 - CH3
AvePFsum Sum of Power factor/Displacement power

factor sum

AveKF1,...,AveKF4 K factor CH1 - CH4
AveUunb Voltage unbalance factor
Avelunb Current unbalance factor
AveUthd1,...,AveUthd4 Total harmonic voltage distortion factor CH1 - CH4
Avelthdl,...,Avelthd4 Total harmonic current distortion factor CH1 - CH4
AveU1(1),...,AveU4(50) Harmonic voltage CH1-CH4 1st- 50th
Avell(1),...,Avel4(50) Harmonic current CH1-CH4 1st-50th
AveP1(1),...,AveP3(50) Harmonic power CH1 - CH3 1st-50th
AvePhasel(1),...,AvePhase3(50) |Harmonic voltage-current phase difference CH1-CH3 1st- 50th
AvePsum(1),...,AvePsum(50) Harmonic power sum 1st - 50th
é&/&l?g(z)a)sesum(l),...,AvePhase- Harmonic voltage-current phase difference sum 1st - 50th
AveUtihdl,...,AveUtihd4 Total harmonic voltage distortion factor CH1 - CH4
Aveltihdl,...,Aveltihd4 Total harmonic current distortion factor CH1 - CH4
AveU1(0.5),...,AveU4(49.5) Inter-harmonic voltage CH1-CH4 0.5-49.5th
Avell1(0.5),...,Avel4(49.5) Inter-harmonic current CH1-CH4 0.5-49.5th
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AV10 Flicker Text Time-sequence Data-header
Composmon

Classification |Header Explanation |Examp|e
Date and Date Date 2001/11/02
Time Time Time 17:19:00
AV10 dv10 AV10 instantaneous value 0.081

max AV10 total maximum value 0.158

dviOmax AV10 maximum value for one hour 0.000

dvlOmax4 AV10 fourth largest value for one  0.000

hour
dvl0ave AV10 average value for one hour  0.000

IEC Flicker Text Time-sequence Data-header
Comp05|t|on

Classification |Header Explanation |Examp|e
Date and Date Date 2002/3/5
Time Time Time 15:24:15
Pst, PIt Pst 1 CH1 Pst 0.325
Pst 2 CH2 Pst 0.386
Pst 3 CH3 Pst 0.358
Plt 1 CH1 PIt 0.325
Plt 2 CH2 PIt 0.386
Plt 3 CH3 PIt 0.358

Text Event Waveform Data Format Composmon

1 2001/11/02 17:19:00 Date, Time
Header
3 Measurement
) data
3586
or
4098

Text Voltage Fluctuation Event Data Format Composmon

1 2001/11/02 17:19:00 Date, Time
2 Header
U Uz Us (channel)
3
10:02 (I;/Iaetgsurement
or
1202
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Example
No. 3:
/2001/10/12 13:08:35.354, Dip CH1,0UT,0.24V,0:00:02.342
3012|8283 5|3 2| | 28] 7 &%
=5 o @ | 2 (" S | 9| ® o) o] 2 > | °®
32| |8 =8| = =18 9 S 5 ; 8 |3
= 2 =| & |=| S S || 2 — ] o ~ | 3
® 3 o N = ot @ @ = D o | X
ez =~ Q o ® )
@ 3 ) ~ %)
2= o S %)
* ~ * * * * * < X
= N w IN a1 o ~ QC_’ ©
()
Items Example Number of characters ():number of characters
*1. Date.....oeeeeene 2000/8/22..c.coiiiiiiieiiiie e 10
*2. Time (Up to MS).... 13:08:35.354 ....cceviiieiiiiiiiiiieieee e 12
*3.  Event category
tems .ccvevvies e Number of characters Items........cccccees e Number of characters
Tran, .....ccceeeeee Transient ........cccccvcvveeeeennn, 4 Unbalance(U) .. Voltage unbalance factor.12
swell ..o, Voltage swell ...................... 5 Unbalance(l).... Current unbalance factor . 12
[D]] o IS Voltage dip .........ccoevvvvennnnn. 3 Uharm............. Harmonic voltage................ 5
Intrupt............... Interruption ..........ccccvvvvneen. 7 lharm............. Harmonic current ............... 5
Freq .ooooooovininns Voltage frequency .............. 4 Pharm.............. Harmonic power................. 5
u(rms)......oeeeee RMS voltage value ............. 6 Pharm(phase).. Harmonic voltage-current
U(peak+).......... Voltage waveform peak (+) 8 phase difference .............. 12
U(peak-)........... Voltage waveform peak (-).8 UTHD............... Total harmonic voltage
I(rMS) oo, RMS current value.............. 6 distortion factor .................. 4
I(peak+)............ Current waveform peak (+) 8 1THD .o, Total inter-harmonic
I(peak-) ............ Current waveform peak (-) .8 current distortion factor ...... 4
=1 W ACHVE DOWEF +.rerveerreeren. 4 KF s Kfactor......ooooeeveein, 2
P(S) e, Apparent power .................. 4 Wave ... Waveforr_n distortion............ 4
=3(0) D Reactive POWer................... 4 Ext(1/O)............ External input..................... 8
PE .. Power factor/Displacement Ext(start).......... Start .o, 10
POWET fACtOT .. ... 2 Ext(stop).......... 1] (o] o 9
*4.  CH&Order
IEEIMS e e Number of characters
CHL,...;CHA oot e 3
CHSUM .o et e e e e 5
CH1(1),...,CH1(50)............... CH(harmonic order) ...........ccvvee.... 6
CHsum(1),...,CHsum(50) ..... CHsum(harmonic order) .............. 9
*5.  IN/JOUT
EEIMS oot e Number of characters
IN e Event start........ccoccviiieie e 2
OUT o Event end .......ccccoovviiieiiiii 3
SENSE..........oo.. SENSE BVENT ..ovvieieiiiiee e 5
*6. Threshold .......... Displayed only when the status is “IN"........ 6
*7.  Peak, deepest value Display transient, dip*, swell*,
interruption*, sense event only
(*:Displayed only when the status is “OUT") 6
*8.  Period ................. Displayed only when the status is “OUT".. 13
NOTE:

IN/OUT, thresholds, peak/deepest value, period, and their accompanying commas (,) are

not displayed for some events.
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Contents of Automatic Settlng of Events (thresholds)

Items

Default setting of
ON/OFF

Only those lines used in
the set wire connection
are ON; the remainder
are OFF. CH4 is OFF
when AC is set.

Setting of levels

The current measured values shall be used as the
reference values. All hystereses should be 1% of
the levels (thresholds). The levels (thresholds)
are as specified below.

Transient overvoltage ON 150% of the reference value (RMS voltage value)
Voltage swell ON 110% of the nominal voltage value
Voltage dip ON 90% of the nominal voltage value
Interruption ON 10% of the nominal voltage value
Waveform distortion ON 5% of the range
Frequency ON +5Hz of the reference value (frequency)
RMS voltage value ON (SENSE OFF, +10% of the reference value (RMS voltage value)
SENSE width10 V)
Voltage waveform peak (max) ON 150% of the reference value (maximum voltage
waveform peak value)
Voltage waveform peak (min) ON 150% of the reference value (minimum voltage
waveform peak value)
RMS current value ON +50% of the reference value (RMS current value)
Current waveform peak (max) ON 200% of the reference value (maximum current
waveform peak value)
Current waveform peak (min) ON 200% of the reference value (minimum current
waveform peak value)
Active power ON 150% of the absolute value of the reference value
(The final ch is the SUM value.) (active power)
Apparent power ON 150% of the absolute value of the reference value
(The final ch is the SUM value.) (apparent power)
Reactive power ON 150% of the absolute value of the reference value
(The final ch is the SUM value.) (reactive power)
Power factor ON If lower than 70%
(The final ch is the SUM value.)
K factor ON If higher than 10
Voltage unbalance factor ON If higher than 3%
Current unbalance factor ON If higher than 35%
Harmonic voltage [Fundamental |[ON 110% of the absolute value of the reference value
wave (fundamental wave of the harmonic voltage)
Harmonic ON only in odd-num- 10% of the absolute value of the reference value
wave bered order up to elev- |(fundamental wave of the harmonic voltage)
enth order.
The remainder are OFF.
Harmonic current |[Fundamental [ON 150% of the absolute value of the reference value
wave (fundamental wave of the harmonic current)
Harmonic ON only in odd-num- 50% of the absolute value of the reference value
wave bered order up to elev- |(fundamental wave of the harmonic current)
enth order.
The remainder are OFF.
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Items

Default setting of
ON/OFF

Only those lines used in
the set wire connection
are ON; the remainder
are OFF. CH4 is OFF
when AC is set.

Setting of levels

The current measured values shall be used as the
reference values. All hystereses should be 1% of
the levels (thresholds). The levels (thresholds)
are as specified below.

Harmonic power |Fundamental [ON 150% of the absolute value of the reference value
wave (fundamental wave of the harmonic power)
Harmonic ON only in odd-num- 50% of the absolute value of the reference value
wave bered order up to elev- |(fundamental wave of the harmonic power)
enth order.
The remainder are OFF.
Harmonic volt- Fundamental |OFF Absolute value of the reference value (fundamen-
age-current wave tal wave of the harmonic voltage-current phase
phase difference |Harmonic OFF difference)
wave
Total harmonic voltage distortion |ON 5%
factor
Total harmonic current distortion |ON 20%

factor

NOTE: In the voltage value, current value, and power value, however, 10% of the range shall be the
level (threshold) if the reference value is not higher than 10% of the range.
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Event Recording Sequence (Priority Order)

In sequencefrom hlgher event prlorlty (pr|or|t|zed in the sequence of |tems descrlbed) |

1.
2.

Transient overvoltage (peak-wise sequence)
Interruption, voltage dip, voltage swell

1. In sequence of OUT - IN

2. If the items are the same, the event that shows a deeper deepest value (maximum value) is
given priority.

3. If the items and the deepest values (maximum values) are the same, the period-wise
sequence is applied.

External input, voltage waveform distortion, frequency, RMS voltage value, Voltage unbalance
factor

Voltage waveform peak, current waveform peak, RMS current value, active power, apparent
power, reactive power, power factor, current unbalance factor, total harmonic voltage distortion
factor, total harmonic current distortion factor

Harmonic voltage, Harmonic current, Harmonic power, Harmonic voltage-current phase differ-
ence, K factor

NOTE: CH and order are unrelated to priority. If the events have the same priorities, the queuing

sequence is indeterminate.
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Block Diagram (Digital)

Appendix
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