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Warranty

The Xitron Technologies instrument is warranted against defects in material and
workmanship for a period of two years after the date of purchase. Xitron Technologies
agrees to repair or replace any assembly or component (except batteries) found to be
defective, under normal use, during the warranty period. Xitron Technologies’ obligation
under this warranty is limited solely to repairing any such instrument which in Xitron
Technologies’ sole opinion proves to be defective within the scope of the warranty, when
returned to the factory or to an authorized service center. Transportation to the factory or
service center is to be prepaid by the purchaser. Shipment should not be made without
prior authorization by Xitron Technologies.

The warranty does not apply to any products repaired or altered by persons not authorized
by Xitron Technologies, or not in accordance with instructions provided by Xitron
Technologies. If the instrument is defective as a result of misuse, improper repair, or
abnormal conditions or operations, repairs will be billed at cost.

Xitron Technologies assumes no responsibility for its product being used in a hazardous
or dangerous manner, either alone or in conjunction with other equipment. Special
disclaimers apply to this instrument. Xitron Technologies assumes no liability for
secondary charges or consequential damages, and, in any event, Xitron Technologies'
liability for breach of warranty under any contract or otherwise, shall not exceed the
original purchase price of the specific instrument shipped and against which a claim is
made.

Any recommendations made by Xitron Technologies or its Representatives, for use of its
products are based upon tests believed to be reliable, but Xitron Technologies makes no
warranties of the results to be obtained. This warranty is in lieu of all other warranties,
expressed or implied, and no representative or person is authorized to represent or assume
for Xitron Technologies any liability in connection with the sale of our products other
than set forth herein.
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Introduction

Scope

The purpose of this user guide is to describe the use and capabilities of the 2551 and
2551E (External Current) Single-Phase Power Analyzers.

The single-phase 2551/2551E is an easy-to-use, general purpose power analyzer.
Overall, the 2551/2551E analyzes the electrical power delivered to or by a device. The
unit can be quickly set up on your bench top. You can adjust the viewing angle using the
handle and adjust the contrast from the configuration screen.

The 2551E provides support for an external current transducer of the current:current or
current:voltage type. This option also provides receptacles at the rear panel allowing the
user to power external circuitry from the 2551°s internal DC power supplies (positive and
negative 15V).

Both the 2551 and 2551E analyzers display voltage, current and wattage results in
numeric and graphic waveform formats. Results include voltage, current and wattage,
high and low peaks and harmonic frequencies in absolute, percentage and phase. You
may display the harmonics in a bargraph format through the 40™ harmonic or in a listing
format through the 50" harmonic. You may examine power waveform distortion and
glitches graphically and chart historical results in divisions of time from seconds to days.
Additional screens display voltage and current envelopes, harmonics, averages, reactive
power, integrated results, K-factor, power factor and crest factor of the voltage or current
signal.

All of the data that can be displayed on the 2551/2551E screens can be printed in full-
page printout formats. Refer to Printing Results page 49. Note that both bargraph and
listing fundamental printouts contain the 2" through the 50" harmonics.

Note: For further information on Xitron Technologies’ measurement techniques and
formulas used please refer to the Methods Guide. Please contact Xitron Technologies for
a copy or visit our support page at www.xitrontech.com
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Features

The 2551/2551E Power Analyzers’ features include the following—

A simple interface.

Display basic measurements of > RMS, DC, fundamental (harmonic), and
2-Harmonics for any single phase.

Displays harmonics in bargraph or a list format.
Continuously updated displays of voltage, current and wattage waveforms.
Displays waveforms of voltage and current distortion, peaks and glitches.

Displays historic results for voltage and current, watts, reactive power and power
factor.

Allowances for scaling of all current readings by a numerical factor.
Provides adjustable display contrast.

All measurements are performed and updated on each measurement cycle all of the
time, this ensures that you are testing your product in real-time.
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Functional Description

This chapter describes the circuitry and interfaces of the 2551/2551E.

Theory of Operation

The 2551/2551E are high performance test equipment. Within the analyzer, voltage and
current signals are converted to digital data where the signals are sampled automatically
and periodically. A/D converters scale and sample data. The DSP components analyze
voltage and current input samples for harmonic content.

The following is a list of the significant components and a description of their function
within the analyzer.

Voltage Attenuators—Resistively attenuate the voltages present on the SOURCE L (A)
and N terminals to a 2.5V peak amplitude maximum voltage signal.

Hall Effect Transducer—Converts the current flowing from SOURCE to LOAD into an
isolated voltage of the 2551/2551E.

Analog Anti-Alias Filters—Reduce the bandwidth of the signals applied to the inputs of
the ADC:s to less than the sampling frequency.

Each of the attenuator’s outputs and the output of the Hall Effect transducer are
passed through identical analog anti-alias filters.

16-Bit A to D converters (ADC) and First In/First Out memory (FIFO)—
The ADCs digitize each signal with 16-bit resolution at the DSP generated
Sample Clock frequency. The FIFOs store each digital sample in memory to be
read by the DSP in blocks of 32 samples per converter.

Digital Signal Processor (DSP)—Processes the tasks required to compute the multiple
voltage, current, and power results. Also processes the tasks required to format
the results for display, printout and interrogation via the IEEE488 interface.
Computed results are independent of the selected display and IEEE488 interface
requirements.
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The DSP generates a sample-clock signal from the computed frequency of the
user-selected synchronization source. The sample-clock signal clocks the ADCs
at a suitable frequency to ensure exact synchronization of the overall
measurements to the applied signals. The sampling frequency may be up to
220kHz and is slightly "dithered" to ensure that individual samples cannot be
exactly at the same phase of the applied signals, while maintaining exact
synchronization for the overall measurement period.

The samples read from the FIFOs are passed through one to three stages of 6-
pole elliptical filters. (The stage of filtering is dependent on user-selected
configuration and bandwidth of harmonics measurements.) The first stage
filters the samples for all nonharmonic measurements. The second stage is anti-
alias filtering of the samples for the DFT and waveform collection. The third
stage filters the samples for waveform period measurements to display the
synchronized results.

All measurements are made nominally over four cycles of the applied signal and
then two-pole filtered with a user-selected averaging filter to produce fast, yet
stable, measurement results. (Note that there are more cycles at very high
frequencies and less at very low frequencies.)

Historical results are maintained by the DSP from the unfiltered measurement
results. Harmonics results, both amplitude and phase, are computed by the DSP
by means of a variable length Discrete Fourier Transform (DFT). Nominally
400 equally spaced samples per cycle are also collected for waveform display
purposes.

At nominal line frequencies and below, all measurements are continuous, there
being no missed portions of the signal in any of the resultant measurements. At
very high frequencies "gaps" can only result in the harmonics measurements.

The DSP also contains 4Kx24 of internal RAM for working memory, 3Kx24 of
program memory and a 1Kx24 level 1 cache memory.

The DSP can perform one arithmetic operation and two data movements per
12.5ns, yielding 80MIPs for arithmetic operations and 240MIPs overall
capability.

IEEE488 Interface—Performs the majority of the bus interface details for the IEEE488

protocol. All IEEE448 interfacing is done with data output from the DSP, or
data and commands input to the DSP. This interface is controlled using a
commercially available IC (National Instruments TNT488).

Parallel Printer Interface—This IC performs the majority of the bus interface details

for the parallel printer protocol. The data to be output over the interface comes
from the DSP. This interface is controlled using a commercially available IC.
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Graphical Display Module—Allows a visual reading of the results in alphanumeric
and/or graphical format. The display screen is a commercially available LCD
with 240x64 pixels and a CCFL backlight. All graphical information for the
screens is generated by the DSP.

Keyboard—Allows for changing and bringing up the various displays of results. The
keyboard is formed by six key switches, each individually readable by the DSP.
All actions taken as a result of a key being pressed are generated by the DSP.

Real Time Clock (RTC) and Non-Volatile Memory (NVRAM)—Generates the date
and time of day information, and also stores the user display configuration, the
IEEE488 address, and the calibration data for each input. Both clock and
memory are within a single commercially available IC.

Random Access Memory (RAM)—A total of 256Kx24, 15ns access time memory is
available to the DSP to store all "working" information, all computed results,
formatted printout data and display pixels. This memory also contains the
software program for the DSP, copied from the Flash memory.

Flash Program Memory—This memory is rewritable Flash memory used for DSP
program storage. The program is copied into RAM following application of
power and is CRC checked for integrity. After being copied into RAM, the
Flash memory is not used during normal operation.

Interfaces

Note: Specifications are subject to change without notice.

Front Panel

Liquid Crystal Display—
240 x 64 High-speed graphics LCD with CCFL Backlight (5" x 1.35" viewing
area)

Keyboard—Two fixed-purpose keys + four softkeys

Parallel Printer
Printer Interface—Parallel IEEE1284

Format—Unformatted text or PCL (user selectable)

Data Rate—Up to 1000 characters per second (limited by printer)
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Compatible Printers—
Text: any 80 character wide (or more) by 66 character long (or more) ASCII
parallel text printer
PCL: Hewlett-Packard DeskJet family, Hewlett-Packard LaserJet family, other
PCL level two (or higher) compatible parallel printer with 75dpi or greater raster
graphics print resolution

IEEE488

Interface—
IEEE488.1 (Certain commands conform to IEEE488.2)

Addressing—
Single address, user selectable via front panel between 0 and 29 inclusive

Capabilities—
SH1 AH1 T6 L4 SR1 RL1 PPO DC1 DT1 CO E2 (350ns min. T1)

Max. Talk Data Rate—
>300,000 bytes per second

Max. Listen Data Rate—
>100,000 bytes per second

Command Set—
All front panel capabilities are provided via ASCII textual command sequences.

Results—
Any results may be obtained at any time from the interface as ASCII textual
numerical data. Additionally, status and state interrogatives are provided for on-
the-fly determination of product status.
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Using the Power Analyzer

The purpose of this chapter is to describe how to set up and use the 2551/2551E. This
chapter covers—

Setting Up

Using the Front Panel Buttons
Rear Panel Connections
Power Testing

Setting Up
The Power Analyzer is made to sit on your bench. You can optimize the viewing angle

by adjusting the handle and optimize the viewing brightness by adjusting the DISPLAY
CONTRAST. (See Configuring the Power Analyzer page 20.)

Figure 1. Bench Type Power Analyzer
¢ To adjust the handle—

1. Press and hold the buttons located on the rear side where the handle attaches to the
case sides.

2. Rotate the handle until it clicks into place.
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WARNING: IF THE POWER ANALYZER IS USED IN A MANNER NOT SPECIFIED BY
A XITRON TECHNOLOGIES INC., THE PROTECTION PROVIDED BY THE EQUIPMENT
MAY BE IMPAIRED.

Front Panel

The front panel on the 2551 and 2551E includes a LCD display screen, power switch and
buttons. The buttons are from left to right: NEXT, F1, F2, F3, F4 and PRINT. See

below.
O e (e}
)\fmom 2551 SINGLE PHASE POWER ANALYZER

NEXT PRINT

[]
(e} / | O

/ / / | / \
7 / / I \
Power switch NEXT F1 F2 F3 F4 PRINT LCD display

Figure 2. Front Panel detail

The screen shows the power measurement results numerically and graphically. Refer to
Viewing Results, page 35.

The ON/OFF button powers the 2551/2551E on or off.

The NEXT button allows you to toggle through the five main display groups. Refer to
Sequence of Display Screens, page 29.

The F1 through F4 buttons (functional softkeys) allow you to select menu choices and
options. For more information, refer to Configuring the Power Analyzer page 20 and
Viewing Results page 35.

The PRINT button allows you to print a full page of data reflecting the display results. A
printout is formatted either graphically or by tabulation.
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Rear Panel Connections

é The 2551/2551E rear panels provide connectors for a DC power jack, parallel printer
cable and computer interface cable. The 2551E additionally provides an external current
(BNC) connector and three transducer voltage receptacles. See below.

Available on 2551E only

A N -
. . LOAD q b 12VDCA1.58

CATI BTEV 2800VPK .—.é .
CAT 0400V CAT M 150¥
Iz
18V o +15V PARALLEL PRIMTER
X @O0~ T -
1

| 00mA Max

EXTERNAL CURRENT

WARNING THIS EQUIPMENT T0 BE COMNECTED
BY QUALIFIED PERSONNEL CHLY
AL L
ATRON TECHROLOGIES INC., SAN DIEGO, CA MADE IN USA . .
WWWLXITRONTECH.COM

Figure 3. Rear Panel detail

¢ To power the 2551/2551E—

o Insert the 2.5mm DC power jack’s socket end of the power cord through the supplied
strain relief and into the rear panel’s 2.5mm connector. Insert the plug end of the
external power supply into an 85-265 volt AC, 47 - 400 Hz outlet.

WARNING: SHOCK HAZARD. LETHAL VOLTAGES OR CURRENT MAY BE
A PRESENT. ENSURE NO VOLTAGE OR CURRENT EXISTS ON THESE CONNECTIONS
PRIOR TO ATTEMPTING TO CONNECT TO THESE INPUT TERMINALS.

WARNING: IT ISRECOMMENDED THAT THE PROTECTIVE CONDUCTOR
TERMINAL IS CONNECTED TO EARTH GROUND WHEN THE SIGNALS BEING
MEASURED ARE REFERENCED TO EARTH GROUND.

THE USE OF THE T5 CHARGER FROM XITRON TECHNOLOGIES OR A XITRON
A TECHNOLOGIES RECOMMENDED REPLACEMENT MUST BE USED TO ENSURE
THAT THE UNIT GROUND IS NOT COMPROMISED.

¢ To connect a printer to the 2551/2551E—

e For printer interface, connect one end of your printer's cable to the PARALLEL
PRINTER port and the other to the printer.

¢ Toconnect a PC to the 2551/2551E—

1. Attach the computer's IEEE488 cable connector to the 24-pin socket marked
IEEEA488 on the rear panel.
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2. On the front panel, press the NEXT button until you see the main Setup Index
display.

Press CURSOR until INTERFACES/DATE/TIME is highlighted.
Press the SETUP button. The screen changes to the Interface Setup display.
Press CURSOR until the IEEE ADDRESS option is selected.

o o &~ w

Press the CHANGE button until the appropriate address number displays and press
DONE.

Starting the Power Analyzer
¢ To start the 2551/2551E, click the ON/OFF button to the ON position.

A startup screen will display for a few seconds. This screen lists the model number,
current and voltage input options, software revision number, and firmware installation
date and time.

Xitron 2551/2551E

Internal Current =8Apk
External Current = CURRENT & VOLTAGE
Voltage Input = 950Vpk

V2.6 Jun 25 2003 09:10:38

Figure 4. Startup screen

Note: If your unit is not calibrated, a WARNING statement will display along the top of
the Startup screen stating either: “UNCALIBRATED INSTRUMENT” or
“CALIBRATION DATA HAS BEEN LOST.”

The next display you will see is the same screen that displayed when the analyzer was
last turned off.

Configuring the Power Analyzer

The Setup Index screen gives you access to separate interface configuration screens.
There is a screen for Interfaces/Date/Time; Measurements; Current Input (selection and
scaling); Calibration and one to view Product Options. Refer to Figure 5, Figure 7,
Figure 9, and Figure 11.

¢ Toreconfigure the power analyzer —

1. Press the NEXT button until you see the main Setup Index screen display, as shown
below.
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o H H
MEASUREMENTS
CURRENT INPUT

L IBRAT IO
PRODUCT OPTIONS FITTED

[}
T

CURSOR SETUP
Figure 5. Setup Index screen with INTERFACES/DATE/TIME selected

2. Press the CURSOR button to highlight the configuration item of choice and press
SETUP. The screen will change to display the selected item’s configuration screen.

¢ To setup the Printer and IEEE488 address interfaces and set the date and
time—

1. With INTERFACES/DATE/TIME highlighted, press the SETUP button. The
display changes to the Interface Setup display.

DATE - ﬁ 03 2006
TIME - :02:533
DISPLAY CONTRAST: 8

PRINTER - PC

IEEE488 ADDRESS: 2

CURSOR CHANGE DONE

Figure 6. The Interface Setup screen

2. Use the CURSOR key to highlight any portion of the display that you desire to
modify. Press the CHANGE key to change the highlighted portion of the display to
the next available option for that data.

DATE = month, day, year.

TIME = (24) hours:minutes:seconds.

DISPLAY CONTRAST = 0 to 15 (default is 8)

PRINTER = PCL2; None; Text. Note that selecting None for the printer type
disables the PRINT button in all screens.

IEEE488 ADDRESS = 1 through 29

Note: If you pass an option you desire, you can come back to it by continuing to press
CURSOR.

3. Press the DONE key to save any changes made, and to return to the Setup Index
screen.

¢ To configure the measurements —

1. From the main Setup Index display, press the CURSOR button to highlight
MEASUREMENTS.
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INTERFACES-DATETIME
MEASUREMENTS

CURRENT _INPUT

CAL IBRAT LON

PRODUCT OPTIONS FITTED

CURSOR SETUP

Figure 7. Setup Index screen with MEASUREMENTS selected
2. Press the SETUP button. The display changes to the Measurements Setup display.

FREQUENCY RAMSE - WE*EIE
INPUT COUPL ING:
AUG RESULTS: S0ms
SYNC SOURCE - Current
CURSOR CHANGE DONE

Figure 8. The Measurement Setup screen

3. Use the CURSOR key to highlight any portion of the display that you desire to
modify. Press the CHANGE key to change the highlighted portion of the display to
the next available option for that data. The defaults are shown in bold.

FREQUENCY RANGE = .02Hz- 20Hz; 20Hz- 100KHz; 20Hz- 5KHz;
2Hz- 2KHz; 0.2Hz- 200Hz

INPUT COUPLING = AC & DC; AC Only
AVG RESULTS = 50ms; 250ms; 1s; 2.5s; 5s; 10s; 20s; 1min
SYNC SOURCE = Voltage; Current; 50Hz; 60Hz; 400Hz; No Harmonics

4. Press the DONE key to save any changes made, and to return to the main Setup
Index screen.

¢ To configure the Current Input

The Current Input configuration screen includes selection and scaling. The current scale
allows you to scale all current readings by a numerical factor. Separate scale factors are
stored for each current input option, and are entered as transducer input:output ratio. This
scale factor may also be negative, effectively reversing the polarity of current flow.



Using the Power Analyzer 23

1.

From the Setup Index display, press the CURSOR button twice. The CURRENT

INPUT choice is now highlighted as shown below.

[NTERFACES-DATE~TIME
MEHSUREMENT

CURRENT ThPLT

CAL IBRAT LON

PRODUCT OPTIONS FITTED

CLURSOR SETUP

Figure 9. Setup Index screen with CURRENT INPUT selected

2.

Press the SETUP button. The display changes to the Current Input Setup display.
See example shown below.

INPUT SELECTION: External (Uolis?
SCALING ¢INW-0UT>:  @0001.00A=01.0000U

CURSOR CHANGE DOME

Figure 10. The Current Input Setup screen

3.

Use the CURSOR key to highlight any portion of the display that you desire to
modify. Press the CHANGE key to change the highlighted portion of the display to
the next available option for that data.

INPUT SELECTION = External (Volts); Internal: External (Amps)

The scaling limits for current are within:
SCALING (IN=OUT) =  +0000 .00A = 00.0000A through -9999 .99A = 99.9999A

The scaling limits for voltage are within:
SCALING (IN=OUT) =  +0000 .00V = 00.0000V through -9999 .99V = 99.9999V

Press the DONE key to save any changes made, and to return to the Setup Index
screen. Note that the scale factor for each available current input is stored
separately.

Note: To remove DC offset and calibrate the power analyzer, refer to the Calibration
section on page 63.
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¢ To view the Option Content of your Power Analyzer

1. From the Setup Index display, press the CURSOR button four times. The
PRODUCT OPTIONS FITTED choice is now highlighted as shown below.

INTERFACES-DATE~TIME
MERSLUREMENTS

CURRENT INPUT

CAL IBRAT IO

FREODLICT OFTIONS FITTED

CURSOR SETUP
Figure 11. Setup Index screen with PRODUCT OPTIONS FITTED selected

2. Press the SETUP button. The display will show the Product Options screen. See
an example shown below.

UOLTAGE IMPUT - 950U f=
INT CURREMT IMWPUT:-: 40Afs

EXT CURREMT INPUT: Fitted
EXT UOLTAGE INFUT: Fitted

DONE
Figure 12. The Options Fitted screen

3. Press the DONE key to return to the Setup Index screen.

Measurement Connections

WARNING: IF THE POWER ANALYZER IS USED IN A MANNER NOT SPECIFIED BY
A XITRON TECHNOLOGIES INC., THE PROTECTION PROVIDED BY THE EQUIPMENT
MAY BE IMPAIRED.

CAUTION: FOR ALL CONNECTIONS, KEEP INPUT AND OUTPUT WIRING
SEPARATED.

WARNING: IT ISRECOMMENDED THAT THE PROTECTIVE CONDUCTOR
A TERMINAL IS CONNECTED TO EARTH GROUND WHEN THE SIGNALS BEING
MEASURED ARE REFERENCED TO EARTH GROUND.

THE USE OF THE T5 CHARGER FROM XITRON TECHNOLOGIES OR A XITRON
A TECHNOLOGIES RECOMMENDED REPLACEMENT MUST BE USED TO ENSURE
THAT THE UNIT GROUND IS NOT COMPROMISED.
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Using the Internal Current Transducer

When using the internal current transducer of the power Analyzer, access the Current
Input Setup screen. Set the INPUT SELECTION to Internal and +1.0:1.0 for Scaling.
Refer to the connections shown in Figure 13.

Internal Transducer Connections for Test

Turn the source power off for the device-under-test before making each connection.
Attach the test device to the input terminals on the analyzer's rear panel.

Refer to the following illustration when attaching the test device.

2551 TEST DEVICE

A/ N USER LOAD\ \
o]
LOAD NEUEEAL o o LINE

e T T 5 2%

POWER SOURCE

Figure 13. Test Device Connections

WARNING: SHOCK HAZARD. LETHAL VOLTAGES OR CURRENT MAY BE
PRESENT. ENSURE NO VOLTAGE OR CURRENT EXISTS ON THESE CONNECTIONS
PRIOR TO ATTEMPTING TO CONNECT TO THESE INPUT TERMINALS.

’LLN.ELA)—NMRCL (N)
LOAD @)

To measure 6)
current A

V
=) Ol

source ~ IO

v/

To measure
voltage

Figure 14. 2551/2551E Internal Effective Circuit (shown for reference)
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Using an External Current Transducer

When using the external current transducer, access the Current Input Setup screen.
Select the appropriate type of current transducer (External Amps or Volts) in INPUT
SELECTION and +1.0 for Scaling.

External Transducer Connections for Test

Attach the test device to the input terminals on the analyzer's rear panel. Turn the source
power off for the device-under-test before making each connection. Refer to Figure 15.

Connect the power source NEUTRAL and LINE to the 2551E’s Source N and L (A)
terminals, respectively. These connections carry little current, therefore the wire
gage may be small, however, insulate sufficiently to withstand the power source
voltage.

Connect the 2551E source N to the UUT’s (Unit Under Test) NEUTRAL connection
using wire sufficient to safely withstand the voltage and current drain of the load.
Connect the 2551E source L (A) to the UUT’s LINE connection using wire sufficient
to safely withstand the voltage and current drain of the load.

Pass the above UUT’s LINE connection wire through the current transducer with the
direction of current flow being from SOURCE to LOAD. (Current flow is usually
denoted by an arrow on the transducer.)

Connect the output of the current transducer to the EXTERNAL CURRENT BNC
type connector on the 2551E-rear panel.

Optional
Power Supply
-15 GND +15

NEUTRAL

A |
uuT i L

o]
LINE
TRANSDUCER ;ié E) @ SOURCE

i
i
1
Lo . . N

Figure 15. External Transducer Test Connections

Note the following-

1.

If the power analyzer unexpectedly displays negative watts indications, these
indications mean that the current flow in the transducer is reversed. Check for one of
these conditions:



Using the Power Analyzer 27

o the wire is reversed in the transducer;

o the neutral wire was inadvertently routed through the transducer (instead of the
live wire), or;

¢ the transducer output has the incorrect polarity.

The negative watts indication may be resolved by correcting the wiring or by setting

the current input scale factor in the power analyzer to a negative polarity.

If a transducer is being used which does not have DC current capability, then select
AC Only input coupling in the Measurements Setup screen of the power analyzer.

If a transducer is being used, which has DC current capability, and the user desires to
measure any DC current content, then select AC & DC input coupling in the
Measurements Setup screen of the power analyzer. The user should perform the
DC offset correction procedure, as described on page 63, after making the
connections and allowing the external transducer to settle after application of its
power.

Particularly when operating at low current levels, it may be important to ensure that
the voltage signals cannot capacitively couple into the current transducer output.
The use of flexible coaxial cable is recommended for the current transducer output
wiring.
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Sequence of Display Screens

This chapter shows the sequence of the display screens in a diagram format.

Using the Diagrams

The NEXT button takes you through the five main groups of display screens: Setup,
Basics, Harmonics, Waveforms and History. The group names are assigned here to
assist in navigating and do not display on the screen. Setup is used for configuring the
analyzer and is described in Using the Power Analyzer, page 17. The other four displays
are used to view results and are introduced in the following sequence diagrams. Within
each main group there are various display screens that are accessible using the softkey

buttons.

Refer to Figure 16 below—

Figure 16. Sample Basics display screen

e}
,\HT?ON 2551 SiNGLE PHASE POWER ANALYZER
TEcHnoLoGiES @ @@ 00 0 0 Z—aaaaa—————
- 118.58U
0. 1000R 0 7299PF
7 EISB'JHR
Erms G AUG CL.EF!R RUNNING
NEXT &} & PRINT
o L]
\ \
Fl F2 F3 F4
Measurement
Hour= Mln Sec Results
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Diagrams

Note: If you wish to display YJHARMS, RECTIFIED and FUND, press the button in the
F2 position (second softkey from left) until MEAS comes up, then press F1 (first softkey
on left).

118.68U §.700U
0.1006A  0./Z286PF

leg. oWt 0.2498% 11.941U8  o0.00Hz
-166.60¢ -0.24484  A.999VAR

L.404UCF 2 .475ACF 12=33:39

Zrms MERS FUNN T MG

Figure 17. Basic 2JRMS sample
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Ath:
LIETING

LOLTAGE CURRENT o
173.80° =21.33°
B2.22° 122.159°
-135.51° 133.07°
-113.99* -18.74*
PHASE SCROLL RUNNING

1.347%
0, 135 e e i A e

. IR
o.m3: NEWR

BARGRAPH U

Figure 18. Harmonics Listing and Bargraph samples
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|6.BBH% 0,13

-4.88 .
U&A DIST  Z00M=l REUNNING
Figure 19. Waveforms V&A DIST sample
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Note: The time scale may be set while displaying any data.

166.5

166.0

85,54 - _ - . » . > - 1
UoLTS PERAK O.dzec-div  RUNNING

Figure 20. History VOLTS PEAK sample
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Viewing Results

Review this chapter to determine which display results best suit your test requirements.

Display Screens

The screen displays shown here reflect the default options in the Measurement Setup
screen. Refer to Configuring the Power Analyzer, page 20. For reference those defaults
are—

o 20Hz—5KHz e AC&DC e 250ms ¢ Voltage
The default for DISPLAY CONTRAST is 8.

Note that if AC ONLY has been selected, then >rms will read: RMS (AC) and the
message: NOT CONFIGURED FOR DC MEASUREMENT will display in the Basics
DC screen.

If an input signal does not fit inside the configured range (Measurement Setup), then
your analyzer may exhibit one of the following conditions—

e The screen may display a limited number of results
e A message may display on the screen instead of results

e You may not have access to some display screens
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Basics Group

The Basics group shows you a complete picture of the power results of your device. It
has 14 different total display screens with up to 14 characteristics included in the screens.

YRMS

Volts
Voltamperes Watts
AMDS \ \ Power factor

High voltage peak 1 18 . EBU\ 8 . 700“
Low voltage pe{ 0.1006A 0./7286PF

A gz Mg, ok
- 4 by .

voltage ~——{“2840U5F /2 . 475HCF 12:39:39 ™ Erequency
crest factor Thms MERS \ \EUNKING
High current peak / \Current Time

Low current peak  crest factor Reactive 5 rs=Min=Sec
power

Figure 21. 3RMS MEAS display with callouts

119.86U 9.053U
0.1029A

162,240+ 0.2750R"
=162.100 -0.2623R+  B.160UAR

12:43:47
Irms THRUSH CLEAR RUNMING

Figure 22. 2RMS INRUSH display

votrer—4 3 3522UHr O. 0Z57UWHr |
0. 0002AHr .

— 0. 0Z53UAH
™
Amp Hour DES?UHEH\
0.1283min | Voltamperes
LB TED  cLEARC BRI Hour
Elapsed time
of integration Reactive

Figure 23. SRMS INTEGRATED display with callouts Power Hour
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118.58U
0.1000R

1.4183min
Irms INTEG AUG

8.651HU
0./7299PF

11.854UR
2 93EVAR

12:45
CLEAR

=37
RLUNNING

Figure 24. JRMS INTEG AVG display

DC

Use the SET ZERO button to remove the DC offset from the internal Hall Effect
transducers. Note that this function is unavailable if the measured current exceeds
160mArms (standard) or 800mArms (Option 40A) AC signal and DC signal.

-0.00U
0.0136A

c MERS

0.000W

12:41:12
SET ZERO0  RUNNING

Figure 25. Basics DC MEAS display

4 36U
-0.0179A

oC INRUSH

-0.035l

09:27:35
CLEAR FELIMR T WG

Figure 26. Basics DC INRUSH display

0.0916UHr
0.0058AHr

1.0933min
nc INTEGRATED

0.029ZUHr

10:06-37
CLEAR FEUNNING

Figure 27. Basics DC INTEGRATED display
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5.03U 1.598U
0.3180R

2.0300min 10=07:34
e INTEG AUG  CLERR EUNNING

Figure 28. Basics DC INTEG AVG display

Impedance//1 6 ) Oﬂz

10:03:37
Ic LOAD RUNNWING
Figure 29. Basics DC LOAD display with callouts

Rectified

If you wish to view the RECTIFIED displays, you must press the button in the F2
position until MEAS comes up, then press F1.

Voltage form factor Current form factor Frequency

/

7

/
106.78U //
0.0721R

60.01Hz
1.110UFF 1.373AFF 12:41:39
RECTIFIED MERS FEUNKING

Figure 30. Basics RECTIFIED MEAS display with callouts

5.03U
0.3236A

10:-09:13
RECTIFIED  IWRUSH CLEAR EUNNWING
Figure 31. RECTIFIED INRUSH display
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Fund

If you wish to view the FUND displays, you must press the button in the F2 position until
MEAS comes up, then press F1. Note that FUND LOAD is not shown.

Voltamperes \
118.43U 8.6651
0.0771A 0. 9494PF

9.127UR  59.99Hz

2:42:52
FUND MERS / RUNNING

Reactive Power

Figure 32. Basics FUND MEAS display with callouts

1729aZ 1/7Z28aR
-8./79X

60 .00Hz
Parallel = 1729.0g O.005uF
11:16:22
FUND LORD RUMNI NG
Figure 33. Basics FUND LOAD display

YHARM

If you wish to view the > HARM display, you must press the button in the F2 position
until MEAS comes up, then press F1.

Triplens current 1 1 8 54U 8 . 698“
ctacon 1\0. 09947 0.7381PF

i riplens 0.0S51F  11.7859A  59.9%Hz

ietoa] harmorie K facion 6154 2156 20AR

stortion for voltage ~T~1\5125 B4 26t 12:43:17
THARMS

FEUNNING

/

Total harmonic distortion for current

Figure 34. JHARMS display with callouts
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Harmonics Group

The Harmonics group of screens show harmonic results. These results can be viewed in
a list or bargraph format. The list format shows the fundamental through to the 50"
harmonic. The bargraph format shows through to the 40™ harmonic.

Listings

Each LISTING display screen is limited to a few lines. Use the SCROLL button to view
the fundamental through the 50" harmonic result.

The listing screens show harmonics in—

e  Absolute with THD
e Percentages with THD
e Phase (shift to voltage fundamental)

CURRE
THD: 2 04U O.DEZH
Fund : 118.2 & 0. D??
2nd - 0.0 0.000
3rd - 1. E-EIU 0. D54?FI
4th: 0. 02U 0.0001AR
LIETING AEE ECROLL FEUNNING

Figure 35. Harmonics LISTING ABS display

LTAGE CURRENT .
THD: 1 sk 80 927
Fund- 0.0721A
2nd - D DEF 0.15%
KigeE 1.33% 20.73%
dth: 0.03% 0.14%
LISTING FCT SCROLL RUNNING

Figure 36. Harmonics LISTING PCT display

UOLTAGE CURRENT

Fund: 17.85°

2nd = 1/3.e0° =21
ard = bZ.22" 172
d4th=  -133.51° 133

S5th: -113.99 13.
LISTING PHRSE ECROLL RUNMING
Figure 37. Harmonics LISTING PHASE display




Viewing Results

41

Bargraphs

The bargraph displays show through the 40" harmonic for current and voltage in—

e Linear or logarithmetically scaled percentage units
e Linear or logarithmetically scaled absolute units

2" through 40" Harmonic

_A_

Fundamental —
Harmonic

00778

0. ¢a|n| I
0. o00n 8- -I- -l- RERL

5 5 als 17 1920 2935 27 2931 3335 37 35
BFIEERFIF‘H MP3 AR5 (Lin) RUNNING

Figure 38. Harmonics AMPS ABS Lin display with callouts

00774

t.mn||||I
u-mm-----l B

R WINENLD ? EHFEFE AL
BFIEGEHF'H AMPS ABS (Log) RUNNING

Figure 39. Harmonics AMPS ABS Log display

70,842

E -3 R . 2 I

o000 -B-B_ BB um_ T TeTTERIS
3 1517 192 79 16 27 28 31 33 35 37 35

EFIEGEFIF‘H MPS % tLind  RUNNING

Figure 40. Harmonics AMPS % Lin display

7 .85
7 QE5% - ||I
g.7p -E-E_H_E_ I_I_ _I_I_I |
35 7 3111315171921 23252F 2931 3353
BARGRAPH AMPS % (Logl EUI"-ININE

Figure 41. Harmonics AMPS % Log display
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118.60

59,280

0O SRR i I3 0% 17 1931 76 % 57 24 31 53 35 37 34
BARGRAPH VOLTE  ABS (Lind RUNNING

Figure 42. Harmonics VOLTS ABS Lin display

118.71

11,870

L e ey
I_3 5 7 8 (031507092 343537 2931 34 36 37 34

BARGRAPH  VOLTE  ABS (Logd RUNNING

Figure 43. Harmonics VOLTS ABS Log display

1.333%

0GB veeee
gogs = -I-I_I-l_l-l_l_l_l | . —E_E_E_

E - | 131 21 ilﬁl?lﬂiliiiii?iﬂ
EBARGRAPH UOLTE % (Lirn RUNNING

Figure 44. Harmonics VOLTS % Lin display

1.347%

- |||| III
Hla,|||__I _______ L

91| 131517 1921292537
BHEEEFIF‘H UOLTS % (Log

313335 37
EUMNINE

AL
72
3

Figure 45. Harmonics VOLTS % Log display
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Waveforms Group

The Waveforms group shows continuous results for voltage, current and wattage. It also
shows distortion, peak and glitches for voltage and current. The display screens are in xy
waveform format. Numeric peak results are inset in the screens.

Each screen displays two waveforms for comparison purposes with additional

information provided with an inset.

The waveforms can be viewed at zoom levels of x0.5, x1, x2, and x5. The analyzer will
automatically center the input results vertically on the screen, no matter what range.

16.E7HE -:Lnsx
Waveform — | N Waveform
timespan W classification
- 156
UzA CONT EEIEIH}{I RUNWI NG

Figure 46. Waveforms V&A CONT display with callouts

16.EFHE

U&H CONT  Z00pMx1

-10 E|

RUNNI NG

Figure 47. Waveforms V&W CONT display

IE BEHZ

Automatically

fItS range tO |:| P TRUPSRPY'T U T . RO
data input U

-4.88
VA DIST  Z00Mx1

Fl
-0.13

Th AL
Vo

FEUNNING

Figure 48. Waveforms V&A DIST display with callout
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167 12:39:20 .35
167. 0l
The inset shows — 38. IPEC
the amplitude and o 0 £
position of the 1] A W
peak/glitch o grpe
L PEAK Z00M=1 CLERR RUMN T WG
Figure 49. Waveforms V PEAK display with callout
V PEAK: V & A waveforms captured at the largest peak voltage.
Note: Use the CLEAR button to reset the display.
Time of day
12:36.3
0. 25— |

ss.anzf — Peak current

N
Phase at which
peak occurred

U A ‘._\\j,
- 166 -11.25
A PERK Z00M1 CLEAR REUNKING
Figure 50. Waveforms A PEAK display with callouts

A PEAK: V & A waveforms captured at the largest peak current.

165 12:34:58  0.2§
o 0 oy [
Y A i |
- 166 -0.125
U GLITCH  Z00OMxl CLERR FUMN T MG
Figure 51. Waveforms V GLITCH display
V GLITCH: V & A waveforms captured at the largest voltage glitch.
166 0.25 12:55.38
0. 1394
5E.3DEC
0 0 e
- 156 -0.25
A GLITCH  Z00Mx1 CLERR FUMN I NG

Figure 52. Waveforms A GLITCH display

A GLITCH: V & A waveforms captured at the largest current glitch.
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History Group

The History group gives you accumulated results at the following rates: 0.4 seconds,
1 second, 2 seconds, 5 seconds, 10 seconds, 30 seconds, 1 minute, 3 minutes, 10 minutes,
30 minutes, 1 hour, 3 hours, 6 hours, 12 hours, and one day per division.

The analyzer will automatically scale and center the input results vertically on the screen.

One division

1]

" 113.4 AR

Automatically L

fits range to 118.2
data input
L 113.0 oL Lol
UOLTS RMS O.dsecsdiv  REUNMING

Figure 53. History VOLTS RMS display with callouts

1665.5

166.0

85,54 - . . » . > > 1
UoLTS PERK 0.4zec-div EUMNING

Figure 54. History VOLTS PEAK display

169.5

g.oo0y = <= == = = = = < =

N B S S S S
UoLTS ENUELOPE 0O.4sec-div  EUNNING

Figure 55. History VOLTS ENVELOPE display

1.30

1.70

-
UoLTS ¥ THD  O.4sec-div EUNNING

Figure 56. History VOLTS % THD display
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0.340

0.333

L
AMP:S RMS O.4sec div  REUNNING

Figure 57. History AMPS RMS display

1.180

1.1723

1
AMPS PERK O.dsec-div  RUNNING

Figure 58. History AMPS PEAK display

3.920 A l

n.oody - —— * o T I =

-3.9204 - _ L . . . .
AMPS ENVELOPE 0O.4sec~div STOPPED

Figure 59. History AMPS ENVELOPE display

1.50

1.40

t,30f8 - - . -~ > > > .
AMPS ¥ THD O.dsec-div REUNMING

Figure 60. History AMPS % THD display

99.15

93.95

3,5l - - . - _ . - > . !
WATTE Zeecodiv RUNNING

Figure 61. History WATTS display
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0.593

0.500

Quot - - > - - - 7 > _
UAR O.d4sec div REUNNING

Figure 62. History VAR display

1.000

0.999

0.938l
PF

“O.d4secdiv  RUNNING

Figure 63. History PF display
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Printing Results

This chapter illustrates some of the various printouts available using the 2551/2551E.
Each printout reflects the data from the display group you are presently viewing.

Sample Printouts

To get the type of printout you want, check your setting in the Interface Setup screen. A
text or graphic print is immediately initiated when the PRINT key is pressed for each of
the results display screens.

Every printout includes—

Descriptive title of the data
Configuration selections

Current date (month, day, year)
Calibrated date

Time in hours : minutes : seconds
Elapsed time

Xitron 2551 or Xitron 2551E
Version number

Note: Select PCL2 within the Interface Setup screen for graphical printouts.

The samples provided have been printed from each of the display groups Basics,
Harmonics, Waveforms, and History.

All the data you view in the Basics group of displays will print on one page. See
Figure 64. Basic Measurement sample printout.

The Harmonics LISTING data including ABS, PCT, and PHASE will print on one
page. See Figure 65. Harmonics Data List sample printout.
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The Harmonics BARGRAPH data will print separate barcharts for ABS, %, Lin or
Log for current or voltage. See Figure 66. Current Harmonics Barchart and Figure
67. Current Harmonics Barchart sample printout.

For the Waveforms group, volts, amps and power waveforms will print together if a
graphical print is selected. See Figure 68. Volts, Amps, Power Waveforms sample
printout. If a text only printer is selected, then volts and amps will print together.
See Figure 69. Volts and Amps Waveforms nongraphic sample printout.

Voltage and current Waveforms for PEAK, DIST and GLITCH captures will print
separately. See Figure 70. Volts Glitch Capture sample printout, Figure 71. Amps
Peak Capture sample printout and Figure 72. Distortion Waveforms sample
printout.

Each History display will print a full page of graphically formatted data. See Figure
73. Voltage Level History sample printout and Figure 74. Voltage Level History
nongraphic sample printout.

The following pages illustrate the sample printouts—
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To print the following, press the PRINT button from any one of the Basics group of

display screens: >’rms, DC, RECTIFIED, FUND, or >HARMS.

Figure 64. Basic Measurement sample printout

BASIC MEASUREMENTS

09:51:40
INTEGRATED FOR 0.0000HT
INRUSH TOTAL AVERAGE
116.70V 0.0000VHr 0.00v
-4 .12V 0.0000VHY 0.00v
105.83V
162 .89V
-162.66V
0.173A 0.0000AHY 0.000A
0.046A 0.0000AHT 0.000A
0.105A
0.586A
-0.494A
11.07W 0.0000WHEY 0.00W
-0.19%W 0.0000WHY 0.00W

16.01VAR 0.0000VARHr 0.00VAR

o

. 0000VAHT 0.00VA

-0.19VA 0.0000VAHr 0.00VA

0.0000

( 1213.6-106.627)

| 0.1912uF

Sync = Voltage

Xitron 2551 v2.6 Jan 12 2006,
MEASURED
FREQUENCY 3 59.99Hz
VOLTAGE RMS : 116.64V
Fundamental : 116.62V
Harmonic : 116 .64V
DC 0.02v
Rectified : 105.78V
+Peak : 162.66V
-Peak -162.56V
Crest Factor 1.3594
Form Factor 1.103
THD : 2.20%
CURRENT RMS 0.172A
Fundamental 0.096A
Harmenic 0.166A
Triplens : 0.096A
0dd Triplens : 0.096A
DC 0.044A
Rectified 0.104A
+Peak 0.566A
-Peak -0.482K
Crest Factor 3.299
Form Factor : 1.652
THD : 140.85%
WATTS Total : 10.98W
Fundamental : 11.14W
Harmonic : 10.99W
e 0.00W
VAR Total : 15.91VAR
FPundamental : 0.98VAR
I Harmonic : 0.99VAR
VA Total : 20.01VA
Fundamental : 11.18VA
Harmonic : 19.32VA
DC : 0.00VA
POWER FACTOR Total 0.5486
Fundamental 0.9961
Harmonic 0.5690
LOAD K-Factor : 22.07
Fundamental : 1216.2chms
1218.8chms |
Bandwidth = 20Hz- S5KHz AC & DC 50 harmonics
Results averaged over 250ms
Current Input = Internal +0001.00A:01.0000A
Calibrated on Jan 03 2006
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To print the following, press the PRINT button from any one of the Harmonics
LISTING display screens: PCT, ABS, or PHASE.

HARMONICS DATA LIST
¥Xitron 2551 v2.6 Jan 12 2006, 09:52:41
VOLTAGE CURRENT

THD : 2.57V 2.21% 0,135A 141.21%

Fund: 116.55V 0.00deg 0.096A 5.l4deg
2nd: 0.02v 0.02% -84 .35deg 0.000A 0.21% -164.77deg
ard: 1.85V 1.58% 2.34deg 0.088A 91.76% -176.95deg
4th: 0.01V 0.01% -156.46deg 0.000A 0.47% -87.74deg
Sth: 1.21V 1.03% 44 .07deg 0.074A 77.00% 6.l4deg
6th: 0.00V 0.00%  109.04deg 0.000A 0.37% §7.61deg
7th: 1.23V 1.06% 57.56deg 0.056A 58.84% -172.02deg
8th: 0.00Vv 0.00% -71.50deg 0.000A 0.21% -29.27deg
oth: 0.40V 0.34% -116.64deg 0.037A  38.34% 11.50deg

10th: 0.00V 0.00% -149.05deg 0.000A 0.16% 160.52deg

1ilth: 0.11V 0.10% -21.40deg 0.019A 20.19% -163.31ldeg
12th: 0.00V 0.00% -126.48deg 0.000A 0.21% -129.24deg
13th: 0.12V 0.10% 110.83deg 0.006A 6.05% 35.62deg
14th: 0.00V 0.00% 55.12deg 0.000A 0.26% -118.81deg
15th: 0.13V 0.11% -56.43deg 0.004A 4.59% -16.92deg
16th: 0.01Vv 0.01% 146.17deg 0.000A 0.21% 48 .95deg
17th: 0.11V 0.09% 82.33deg 0.008A 8.29% -179.95deg
18th: 0.00V 0.00% -25.10deg 0.000A 0.21% -14 .76deg
19th: 0.10V 0.08% 123 .41deg 0.008A 8.03% 6.44deg
20th: 0.00V 0.00% 17.20deg 0.000A 0.42% 118.74deg
21st: 0.06V 0.06% -52.63deg 0.005A 5.27% -170.80deg
22nd: 0.01V 0.01% -91.69deg 0.000A 0.16% 169.03deg
23rd: 0.02v 0.02% 89.02deg 0.002A 1.72% 17.62deg
24th: 0.03V 0.02% -120.34deg 0.000A 0.21% 100.11deg
25th: 0.01V 0.01% 146.55deg 0.001A 1.36% 1.1l8deg
26th: 0.02v 0.01% -154.94deg 0.000A 0.47% -33.48deg
27th: 0.03V 0.03% -53.38deg 0.003A 3.23% -173.05deg
28th: 0.04Vv 0.03% 139.33deg 0.000A 0.16% 30.23deg
29th: 0.03V 0.02% 69.52deg 0.003A 3.44% 8.78deg
30th: 0.02v 0.01% 163.11deg 0.000A 0.21% -79.89deg
3lst: 0.02V 0.01% -160.24deg 0.002A 2.35% -174.99deg
32nd: 0.01Vv 0.01% -128.4l1deg 0.000A 0.16% 65.25deg
33rd: 0.03V 0.03% -23.22deg 0.001A 0.83% -15.33deg
34th: 0.01v 0.01% 70.69deg 0.000Aa 0.10% -85.82deg
35th: 0.04V 0.03% 8l.12deg 0.001A 0.63% 46 .63deg
36th: a.o0v 0.00% =34 .67deg 0.000A 0.16% 29.98deg
37th: 0.01v 0.01% -63.46deg 0.001A 1.46% -154.53deg
38th: 0.o00v 0.00% 176 .16deg 0.000A 0.26% -38.83deg
39th: 0.03V 0.02% -5.66deg 0.002A 1.67% 18.96deg
40th: 0.01V 0.00% 138.00deg 0.000A 0.47% -126.08deg
41st: 0.03V 0.02%  113.2ldeg 0.001A 1.10% -178.14deg
42nd: 0.00VvV 0.00% -9.91ded 0.000A 0.16% 164 .06deg
43rd: 0.02V 0.02% -57.51deg 0.001A 0.52% -42.98deg
44th: 0.00V 0.00% 6.96deg 0.000A 0.10% 0.31ldeg
45th: 0.01v 0.01% 63 .55deg 0.001A 0.68% 73.77deg
46th: 0.00V 0.00% 2.22deg 0.000A 0.26% 108.49deg
47th: 0.02V 0.02% 135.38deg 0.001A 1.04% -135.24deg
48th: 0.00V 0.00% 111.52deg 0.000A 0.26% -168.71deg
49th: 0.03V 0.03% -39.47deg 0.001A 1.20% 30.78deg
50th: 0.00V 0.00% -132.76deg 0.000A 0.16% -2 ,65deg

Bandwidth = 20Hz- 5KHz AC & DC 50 harmonice Sync = Voltage

Results averaged over 250ms

Current Input = Internal +0001.00A:01.0000A

Calibrated on Jan 03 2006

Figure 65. Harmonics Data List sample printout
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To print the following, press the PRINT button from Harmonics BARGRAPH AMPS %
(Lin) display screen. Print using the default setting for a PCL2 printer.

CURRENT HARMONICS BARCHART
Xitron 2551 v2.6 Jan 12 2006, 09:54:57
Banduidth = 20Hz- SKHz,AC & DC 50 harmonics, Sunc = Uoltage
Results averaged over 250ms
Current Input = Internal +0001 .00R =01 .0000R
Calibrated on Jan 03 2006
0.000% 45 .76% 91_.5
2nd 0.31% 1
Ird 91 .53% #
4th n.68% 1 '
Sth 76.93% ﬂ,
&th 0.31% | i
7th 58.83% —
8th o.10% |
Sth 38.85% _
10th 0.16% |
11th 20.34% _
12th 0.16% 1
13th 6.26% R
14th 0.26% |
15th 4.49% =
16th 0.21% |
17th g.19% NS
18th 0.47% 1
19th 7.52% E——
20th o.16% |
21st S.22x EEE
22nd 0.37% 1 .
23rd 1.8z M
24th o.26% |
25th 1.41x W
26th o.26x% |
27th 2.87% ma
28th o.21% |
29th 3.20x A
Joth 0.21% 1
31st 2.45% W
32nd 0.10% |
33rd 1.04% W
34th 0.21%
35th o.52% 1
3&th 0.16%
37th 1.25% W
38th 0.16% |
Z9th 1.62x H
40th 0.21% 1|
41st 1.04% N . .
42nd 0.26%
43rd 0.57%
44t h 0.16% X
45th 0.63% ]
46th 0.21%
47th 1.04% |
48th 0.26%
49th 1.04% W
Soth 0.10% 1

Figure 66. Current Harmonics Barchart sample printout
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To print the following, press the PRINT button from Harmonics BARGRAPH VOLTS
% (Log) display screen.

UOLTAGE HARMONICS BARCHART
Ritron 2551 v2.6 Jan 12 2006, 09:55:34
Banduidth = 20Hz- SKHz,AC & DC S0 harmonics, Sunc = Uoltage
Results averaged over 250ms
Current Input = Internal +0001 .00A =01 .0000AR
Calibrated on Jan 03 2006

0.017% 0.166% 1.6
2nd 0.03% I }
3rd 1.66% ._
dth 0.02% - i
Sth 0.98% _I
6th o.01% | . i
?th 1.06% —
8th 0.01% | i
9t h 0.35% —
10th 0.01% |
11th O.11% |
12th o.o0% |
13th 0.10%
14th 0.00% |
15th 0.11%
16th o.00% |
17th 0.10%
18th 0.00% |
19th 0.10% —
20th 0.00% |
21st 0.06%
22nd 0.00% |
23rd 0.02: .
24th 0.00% |
25th 0.02x |- .
26th 0.00% |
27th 0.0z; E———
28th 0.01%
29th 0.01%
30th 0.00%
3ist 0.02%
32nd 0.00% .
33rd 0.03x |
3dth o.00% |
35th 0.02x -
36th 0.00%
37th 0.01%
38th 0.00%
39th 0.02% |
40th 0.00% |
4ist 0.02x .
42nd 0.00%
43rd o.02% B )
4d4th 0.00%
45th 0.01%
46th 0.00%
47th 0.02x
48th 0.00% |
49th 0.02% -
S0th 0.00% |

Figure 67. Current Harmonics Barchart sample printout



Printing Results 55

To print the following, press the PRINT button from Waveforms V&A CONT or V&W
CONT display screens. Print using the default setting for a PCL2 printer.

WAUEFORMS
Hitron 2551 v2.6 Jan 12 2006, 09:56:13
Banduidth = 20Hz- SKH=z,AC & DC S50 harmonics, Sunc = Voltage
Results averaged over 250ms
Current Input = Internal +0001 .00A :01 .0000A

Calibrated on Jan 03 2006 .
Current exceeded IEC61000-3-2 Class D envelope for 0.0% of the cucle
Period = 16.67ms

162.39V

UOLTS f f |

-162.35U
0.549A

AMPS
g
POWER ; TSR S

Figure 68. Volts, Amps, Power Waveforms sample printout
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To print the following, press the PRINT button from the Waveforms V&A C

ONT

display screen. This sample printed with the Analyzer configured for Text printer.

VOLTS & CURRENT WAVEFORMS
Xitron 2551 v2.6 Jan 12 2006, 09:56:52
-162V Voltage = X 0 162V
__________________________________ Kommpmmmmmmmmmmmmmmmmm—mmmmmm————
+ X
+ X
+ X
+ X
+ X
+ X
+ X
+ X
+ X
+ X
+ X
*
+ X
+ X
+ X
+ X
+ X
+ X
+ X
+ X
+ X
+ X
+ X
+ X
- X+
X +
X +
X +
X +
X +
X +
X +
X +
X +
X +
X +
X +
X +
X +
X +
X +
X +
X +
X +
X +
X +
X +
X +
X +
—————————————————————————————————— b el
-0.55A Current = + 0 . 0.55A
Current exceeded IEC61000-3-2 Class D limits for 0.0% of the cycle
Period = 16.67ms

Figure 69. Volts and Amps Waveforms nongraphic sample printout
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To print the following, press the PRINT button from the Waveforms VGLITCH display

screen. Print using the default setting for a PCL2 printer.

UOLTS GLITCH CAPTURE

Hitron 2551 w2.6 Jan 12 2006, 10:02:52

Banduidth = 20Hz— SKHz,AC & DC S0 harmonics, Sunc = Uoltage
Results averaged over 250ms

Current Input = Internal +0001 .00A <01 .0000R

Cal ibrated on Jan 03 2006

Data captured on Jan 12 2008 ?lg=02=45

FPeak Woltage Glitch was 07U at {52.1 degrees
158 .23U
UOLTS 1
-158.230
S5.801A8
: i |
AMPS : : : |
=5.801A

Figure 70. Volts Glitch Capture sample printout
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To print the following, press the PRINT button from the Waveforms APEAK display
screen. Print using the default setting for a PCL2 printer.

AMPS PERK CAPTURE

Hitron 2551 v2.6 Jan 12 2006, 10:03:25

Bandwidth = 20Hz- SKHz,AC & IC 50 harmonics, Sunc = Uoltage
Results averaged over 250ms .

Current Input = Internal +0001 .00A:01 .0000R

Calibrated on Jan 03 2006
Data captured on Jan 12 2006 10:03:20
Peak Current Captured was 0.748A at 90.00 degrees

160.83V

UOLTS

-160.83V
0.742R

AMPS

-0.748AR

Figure 71. Amps Peak Capture sample printout
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To print the following, press the PRINT button from the Waveforms V&A DIST display

screen. Print using the default setting for a PCL2 printer.

DISTORTION WAUVEFORMS

Kitron 2551 v2.6 Jan 12 2006, 10:04:07

Banduwidth = 20Hz- SKHz,AC & DC 50 harmonics, Sunc = Uoltage
Results averaged over 250ms

Current Input = Internal +0001 .00A:01 .0000A

Calibrated on Jan 03 2006

Current exceeded IEC61000-3-2 Class D envelope for 30.8% of the cucle
Period = 16.67ms -

6.39V

e f\/\ /\ WA
IVIARVA

-6.39V
0.380A

AMPS : f"//\\

-0.380A

Figure 72. Distortion Waveforms sample printout
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To print the following, press the PRINT button from any one of the History VOLTS
display screens: RMS, PEAK, ENVELOPE, %THD. Print using the default setting for a

PCL2 printer.
UOLTAGE LEVEL HISTORY
Ritron 2551 w2.6 Jan 12 2006, 10:05:27
Banduwidth = 20Hz- SKHz,AC & DC 50 harmonics,. Sunc = Uoltage
S0
Rt vt Inbernal +0001 .00A:01 .0000A

Calibrated on Jan 03 2006

117.00V

*"’\«/W‘vm

115.000 } M

2
=
>

e

113.000

TP 9001
£ #0:01
Z8:$0:01
£5:#0:01
Z0:50°01
£0:60:01
Z1:60:01
£1:50:01
ZZ:580:01
£Z:60:01

Figure 73. Voltage Level History sample printout
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To print the following, press the PRINT button from any one of the History VOLTS
display screens: RMS, PEAK, ENVELOPE, or %THD. This sample printed with the
analyzer configured for Text printer.

10:06:34

VOLTAGE LEVEL HISTORY
Xitron 2551 v2.6 Jan 12 2006,
112.8V 114 ,8V 116 .8V
__________________________________________ *
*
®
*
- s -* --------------
10:05:48 [ uvvrnreniaranarnasrsraensaefonasan *
*
*
*
10:05:53 | iieiee it oE iR eLsrE AR st rr s
*
*
*
®
10:05:58 | .cvivronneraassssasaasssssssa|assersanaansesssnnans : ......
*
*
*
--------- * “ e s s s s e
10:06:03 | oottt ii s ss s s ss s ae s a s M
*
*
*
10:06:08 |...cecainnnn- L e PP I e S T L ITY
*
*
*
*
10:06:13 | .. rnenn 2
*
*
*
*
----- *-
10:06:18 | .. i enererraronanrassssse|sanenssneaneans :
*
*
*
---------- *-
10:06:23 | .un v ieennrrnoansnrrsanarss|osssannrees :
*
#
*
10:06:28 | .uiuiniinenonans L [
*
*
*
*
10:06:33 | vvuenernenneresanonnnenaesaes|tanaetseien et *

Figure 74. Voltage Level History nongraphic sample printout
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Calibration

This chapter describes how to remove DC current offset and how to calibrate both the
2551 and 2551E. The calibration signal levels given are for 950V, 8A options. Other
options will require different levels for calibration. Please refer to the Product Options
Fitted screen accessible from the Setup Index to ensure you are applying the correct
levels for your Analyzer.

Removing DC Current Offsets

It is recommended that this procedure be performed at regular intervals or whenever large
ambient temperature changes occur > 5°C from TCAL (23°C). If option E is fitted, then
perform this procedure when changing the external current transducer. Note that the DC
Current Offset procedure must be applied to all of the CURRENT INPUT SELECTIONS
fitted in the 2551E (Internal, External Amps and External Volts).

¢ To remove DC Current Offsets—

1. From the Setup Index display, press the CURSOR button twice to highlight
CURRENT INPUT.

[NTERFACES-DATE-TIME
MERSUREMENTS
CURRENT IMPUT

CAL IBRAT LON
PRODUCT OPTIONS FITTED

CLURSOR SETUP

Figure 75. . Setup Index screen with Current Inputs selected
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2. Press the SETUP button. The presently selected INPUT SELECTION will be
highlighted. Refer to the illustration below.

INPUT SELECTION: External (Uolts>
SCALING (IN=0UTY-=  +0001.008-01 .0000U

CURSOR CHAMIGE IONE
Figure 76. INPUT SELECTION selected

3. Press the CHANGE button to select another INPUT SELECTION, as required.

e For 2551E: Internal, External Amps and External Volts
e For 2551: Internal

4, Press the DONE button.

5. Press the CURSOR button three times, the CALIBRATION choice is now
highlighted.

[NTERFACES-DATE-TIME
MERSUREMENTS
CURRENT IMPUT

AL IBRATI[]
PRODUCT OPTIONS FITTED

CLURSOR SETUP

Figure 77. CALIBRATION selected
6. Press the SETUP button. The display changes to the Calibration Setup as shown

below.
CALIBRATED-

CURSOR ~ PERFORM DONE
Figure 78. DC ZERO Date selected

7. Ensure that there is no current flow in the selected current input (the voltages need
not be removed).
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8. Press the PERFORM key. Any DC offset in the current measurement is measured
and subtracted from all future measurements. The date displayed next to DC ZERO
changes to today’s date. Offsets are separately stored for each of the current input
selections. Offsets up to 10% of the full-scale value for the respective current input
can be accommodated.

9. Press the DONE key to return to the main Setup Index screen.

Calibrating the Power Analyzer

The analyzer is fully specified for one year of operation. Recommended maintenance
includes an annual calibration and if Option E is fitted, calibrate when changing the
external current transducer. A full calibration includes three calibration (cal) points: open
circuit, voltage and current. Note that external calibration of the power analyzer must be
performed for all (three) of the CURRENT INPUT SELECTIONS fitted in the 2551E.

You can access all three cal points from the Setup Index display:

e The voltage cal point requires a calibrator that can drive a 2mA load at a minimum
0.025% accuracy and 0.01% short-term stability.

e The current cal point requires a calibrator that can drive a 200mV burden at a
minimum 0.025% accuracy and 0.01% short-term stability.

e Use a Fluke 5700 multi-function calibrator or equivalent for calibrating the standard
2551. Use a Fluke 5725A or equivalent to calibrate the power analyzer 40A Option.

Calibration Procedures

The user may calibrate the External Current Inputs with a user supplied current
transducer connected, however the user should note that all calibrations are carried out at
DC thus an inductive type transducer cannot be used during calibration. If a transducer is
to be used, then for best results, use the nominal current transducer-scaling ratio. If the
power analyzer's external current inputs are to be calibrated without an external
transducer fitted, then the scale factor should be set to +1.0:1.0.

If Option E is fitted, then each of the Current Inputs (Internal, External Amps and
External Volts) should be selected individually and the calibration procedure performed.
The date shown as the last calibration date is the date that the presently selected current
input was successfully calibrated.

Select the next appropriate INPUT SELECTION from the Current Inputs screen as
described in Removing DC Current Offsets page 63.

Note: For a quick reference when calibrating refer to the Calibration Connection Table
on page 72.
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¢ To change the CURRENT INPUT selection—

e  Press the NEXT button until you see the main Setup Index display. If Option E is
fitted, then highlight CURRENT INPUT and follow the selection procedure as
shown in Removing DC Current Offsets on page 63.

¢ To access the Calibration Setup display—
1. Return to the main Setup Index display using the NEXT button.

2. Press the CURSOR button three times, the CALIBRATION choice is now
highlighted, as shown.

INTERFACES/DATE-TINME
MEASUREMENTS
CURRENT_INPUT
PRODUCT OPTIOMS FLTTED

CLURSOR SETUP

Figure 79. Calibration selected

3. Press the SETUP button. The display changes to the Calibration Setup display.

4. Press the CURSOR key, once. The date that the power analyzer was last calibrated
is now highlighted.

DC ZERO: W
CALIERATED: an

CURSOR  PERFORM DONE

Figure 80. Calibration Date selected

¢ To perform the open circuit point cal—
1. Press PERFORM. The display will show: INPUT = ALL INPUTS OPEN CIRCUIT

prompt.
INPUT - ALL IMPUTS OPEN CIRCUIT
U - Q.01
UL - -0.00u AL - -0.0035A
ACCEPT ABORT SKIP

Figure 81. Open Circuit Point prompt
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2. Ensure that all wires from the source and load connectors on the back of the analyzer
have been removed.

Note: ESD and EMI noise can prevent registering zero values for open circuit
calibration.

3. Press ACCEPT.

4. Wait one minute until the readings settle. The values for VN, VL and AL should
zero out.

5. Press ACCEPT again and wait until the readings settle to within £0.1.
6. Press NEXT when readings are within specification.
If you choose not to perform the next cal point, press SKIP instead of NEXT.

Note: If you skip any of the three cal points, the calibration date in the Setup Index
screen will not be updated.

Voltage Calibration
Depending on voltage option, the voltage cal point prompt will display—

INPUT = 400VDC SOURCE L (A) & N TO CHASSIS
INPUT = 200VDC SOURCE L (A) & N TO CHASSIS
INPUT = 120VDC SOURCE L (A) & N TO CHASSIS

INPUT = 200UDC SOURCE L & M TO CHASSIS
UN = —100.00%
UL - -100.00% AL -

WARMIMG! READIWG:SY OUTSIDE OF TOLERARCE
G0 BACK ABORT SKIP

Figure 82. Voltage Point Initial display

WARNING: SHOCK HAZARD. LETHAL VOLTAGES OR CURRENT MAY BE
PRESENT. ENSURE NO VOLTAGE OR CURRENT EXISTS ON THESE CONNECTIONS
PRIOR TO ATTEMPTING TO CONNECT TO THESE INPUT TERMINALS.

¢ To perform the internal voltage point cal—

1. Connect the negative lead of the calibrator to CHASSIS GROUND binding post.

2. Connect the positive lead of the calibrator to SOURCE N and L (A) binding posts
on the rear panel.
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3. Apply the proper voltage input as shown on the display.

1.000ADC TO EKTEENFIL TEFINSIILII:EE A
1.000UDC TO EWC INPU
HE : FlL s —1EIEI 20%

WARMIMG! READINGLS? OUTSIDE OF TOLERAWCE
GO EACK ABORT SkIP

Figure 83. External Voltage Point display

4. Wait one minute for the VN, VL and AL readings to settle and press ACCEPT.
5. Wait another minute for the readings to settle to 0 +0.1 and press ACCEPT.

6. Press NEXT when the readings are within specification.

7. Press SAVE DATA when all readings remain within specification.

To perform the external voltage point cal—

1. Connect the negative lead of the calibrator to the Coax Shield.

2. Connect the positive lead of the calibrator to EXTERNAL INPUT (BNC), which is
the center conductor of Coax on the rear panel.

3. Apply the proper voltage input as shown on display.

INPUT = 200UDC SOURCE L & M TO CHASSIS
UM - 0.000%
UL - -0.000% AL -

READINGS USIMNG UFDATED CALIBRATION DATA
ACCEPT GO BACK ABORT MEST

Figure 84. Voltage Point Zero Readings

4. Wait one minute for the readings to settle and press ACCEPT.

5. Wait another minute for the readings to settle to within 0 +0.1 and press ACCEPT.
6. Press NEXT when the readings are within specification.

7. Press SAVE DATA when readings remain within specification.

If you choose not to perform the next cal point, press SKIP instead of NEXT.

Note: If you skip any calibration points, the calibration date on the Setup display will
not be updated.
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Current Calibration
The current cal point display will show one of the following prompts—

INPUT = 2ADC SOURCE L (A) TO LOAD L (A) 8A version
INPUT = 10ADC SOURCE L (A) TO LOAD L (A) 40A version

Note: The current level shown on the display depends upon which current input option is
fitted.

LIJHF‘LIT - 2ADC SOURCE L TO LOAD L
UL - AL : -99.99%

WARMIKMG! READIWGLSY OUTSIDE OF TOLERARCE
GO BACK ABORT SKIP

Figure 85. Internal Current Cal Point display

WARNING: SHOCK HAZARD. LETHAL VOLTAGES OR CURRENT MAY BE
PRESENT. ENSURE NO VOLTAGE OR CURRENT EXISTS ON THESE CONNECTIONS
PRIOR TO ATTEMPTING TO CONNECT TO THESE INPUT TERMINALS.

To perform the internal current cal point—

1. Connect the negative lead of the calibrator to the LOAD L (A) receptacle.
2. Connect the positive lead of the calibrator to the SOURCE L (A) receptacle.
3. Apply the proper current input as shown on the display.

10ADC SOURCE Ad+) TO LOAD AC-2

HL : AL : -100.00%

WARMING! READINGES) OUTSIDE 0OF TOLERANCE
GO EBACK AEORT SKIP

Figure 86. Load L (A) Current Cal Point display
4. Wait one minute for the readings to settle and press ACCEPT.
5. Wait one minute for the readings to settle to 0 0.1 and press ACCEPT.
Press NEXT when the readings are within specification.
6. Press SAVE DATA when readings remain within specification.

7. Press DONE when this step is complete.
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¢ To perform the external current cal point—

1.
2.
3.

7.
8.

Connect calibrator lead delivering current to the LOAD L (A) receptacle.
Connect the voltage lead of the calibrator to EXTERNAL INPUT (BNC).

Apply the proper current input as shown on the display.

1.000ADC TO EXTERMWAL TRAWSDIUCER A
1 .000RDC TO EWC INWPUT A

HE - AL - -100.00%

WARMING! READIMGLS? OUTSIDE OF TOLERANCE
O EACK ARORT SKIP

External Transducer Current Cal Point display

Wait one minute for the AL readings to settle and press ACCEPT.
Wait one minute for the readings to settle to 0 +0.1 and press ACCEPT.

The following screen will display.

6HPUT - 2ADC SOURCE L TO LOAD L
UL - AL : 0.001%
ALL CALIBRATIONS SUCCESSFULLY COMPLETED

READINWGS USIMG UFDATED CALIBRATION DATA
ACCEPT GO0 EACE ABORT  SAUE DATA

Figure 88. Calibrations Successful display

Press NEXT when the readings are within specification, then press SAVE DATA.
Press DONE.

The calibration date automatically updates whenever calibration is completed.

Note: If you have not skipped any steps, then the present date will automatically replace

the previous CALIBRATED date for the selected CURRENT INPUT.
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Calibration Faults

In the event of a calibration fault, please check the connections to the calibrator and the
analyzer before attempting calibration again. If you are unable to correct a fault
condition, contact Xitron for assistance or for a return merchandize authorization (RMA)
number. Refer to User Information in the front section of this guide for telephone
number, address and e-mail address of Xitron Technologies Inc.

Important Note: Opening the 2551/2551E Power Analyzer's case may void your
warranty.
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Calibration Connection Table

Internal Voltage Connections

External Voltage Connections

Calibrator Lead | Rear Panel Calibrator Lead* | Rear Panel
Negative | Chassis ground Negative | Coax shield
Positive | SOURCEN & L (A) Positive | EXTERNAL INPUT (BNC)—

Internal Current Connections

center conductor of coax

External Current Connections

Calibrator Lead Rear Panel Calibrator Lead* | Rear Panel
Negative | LOAD L (A) Amp | External transducer
Positive | SOURCE L (A) Volt | EXTERNAL INPUT (BNC)

*QOption for user: External calibration may be performed using a non-inductive external

transducer.
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Appendix A - Physical Specifications

Note: Specifications subject to change without notice.

Temperature & Humidity

Operating: 0°C to 45°C, <85% RH @ 40°C non-condensing

Storage: -30°C to 65°C, <95% RH @ 40°C non-condensing

Size & Weight

Size: (HxWxD) 4.7 x 13.8” x 9.5” (11.94cm x 35.05¢cm x 24.13cm)
Weight: 7.51bs. (3.4kg)

Power Input

Voltage: 12vDC @ 1.5A minimum output.

Unit is supplied with one Xitron Technologies T5 free standing charger and a three prong
AC power cord. This is a universal input 85-265Vrms, 40-400Hz, with a 2.5mm DC
output plug and a three prong IEC320 AC inlet receptacle.
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Appendix B — Measurement Specifications

Unless otherwise indicated, all performance specifications are valid throughout the
specified operating temperature range, for a period of 1 year, following a 15 minute
warm-up period.

Where “typical” specifications are given, the specification is guaranteed for a typical
application (115V/230Vrms with a current > 10% range), for further details regarding a
specific application contact Xitron Technologies Inc. or its representative. Refer also to
Appendix A - Physical Specifications.

Note: Specifications subject to change without notice.

Power Source Capabilities (Option E only)

Output Voltage +and — 15V (within 0.5V), 2mm receptacles
Source Impedance 50
Maximum Load 100mA

Input Signal Capabilities

Receptacle Signal Terminals

Voltage (950V option) 2500Vpk for 1s, 675Vrms continuous, 950V pk
measurable

Voltage (1500V option) 2500Vpk for 1s, 875Vrms continuous, 1500Vpk
measurable

Voltage (400V option) 2500Vpk for 1s, 425VVrms continuous, 400V pk
measurable

Current (8A option) 25Arms for 50ms, 10Arms continuous, 8Apk
measurable

Current (40A option) 125Arms for 50ms, 25Arms continuous, 40Apk

measurable
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BNC Signal Terminals (Option E only)

Common Mode 5Vpk maximum to chassis

Voltage 25Vpk for 50ms, 2.5Vrms continuous, 2.5Vpk
measurable

Current 10Arms for 50ms, 2.5Arms continuous, 5Apk
measurable

Input Burden
All capacitances shown are typical values.

4mm Receptacle Signal Terminals

To Chassis (400V option) 243k || 60pF
To Chassis (950V option) 600k || 60pF
To Chassis (1500V option) 1MQ || 60pF
Source to Load (8A option) <50mQ
Source to Load (40A option) < 15mQ

BNC Signal Terminals (Option E only)
VOLTAGE Mode

To Chassis 100k || 5pF
Signal 100k || 5pF

CURRENT Mode
To Chassis 50Q || 5pF
Signal < 100mQ

Measurement Accu racy
Unless otherwise shown, all percentages are percentage of the reading.

When including DC signal content, add DC measurement accuracy if total signal is less
than 0.5% full-scale for option, or if DC component is greater than AC component.

When using an external current transducer, the specifications for that transducer should
be added to the power Analyzer specifications to obtain the overall specifications.
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Voltage (400V option)
DC

0.02Hz to 20Hz range

0.2Hz to 200Hz range

2Hz to 2kHz range

20Hz to 5kHz range

20Hz to 100kHz range

Common Mode

Current to Voltage Crosstalk

Voltage (950V option)
DC

0.02Hz to 20Hz range

0.2Hz to 200Hz range

2Hz to 2kHz range

20Hz to 5kHz range

20Hz to 100kHz range

0.1% (0.25% above 250V) + 0.1V

0.1% (0.25% above 250V) + 0.02V + 0.1%/Hz
add 0.15% below 0.04Hz if AC coupled
add 0.075V for peak measurements

0.1% (0.25% above 250V) + 0.02V + 0.01%/Hz
add 0.05% below 0.4Hz if AC coupled
add 0.075V for peak measurements

0.1% (0.25% above 250V) + 0.02V + 0.001%/Hz
add 0.05% below 4Hz if AC coupled
add 0.075V for peak measurements

0.1% (0.25% above 250V) + 0.025V + 0.4%/kHz
add 0.05% below 40Hz if AC coupled
add 0.3V for peak measurements

0.1% (0.25% above 250V) + 0.05V + 0.02%/kHz
add 0.1% below 40Hz if AC coupled
add 0.5V for peak measurements

>70dB decreasing linearly to >40dB at 100kHz
typically negligible

0.1% (0.25% above 400V) + 0.15V

0.1% (0.25% above 400V) + 0.025V + 0.1%/Hz
add 0.15% below 0.04Hz if AC coupled
add 0.1V for peak measurements

0.1% (0.25% above 400V) + 0.025V + 0.01%/Hz
add 0.05% below 0.4Hz if AC coupled
add 0.1V for peak measurements

0.1% (0.25% above 400V) + 0.03V + 0.001%/Hz
add 0.05% below 4Hz if AC coupled
add 0.15V for peak measurements

0.1% (0.25% above 400V) + 0.05V + 0.4%/kHz
add 0.05% below 40Hz if AC coupled
add 0.5V for peak measurements

0.1% (0.25% above 400V) + 0.1V + 0.02%/kHz
add 0.1% below 40Hz if AC coupled
add 1V for peak measurements
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Common Mode

Current to Voltage Crosstalk

Voltage (1500V option)
DC

0.02Hz to 20Hz range

0.2Hz to 200Hz range

2Hz to 2kHz range

20Hz to 5kHz range

20Hz to 100kHz range

Common Mode

Current to Voltage Crosstalk

>70dB decreasing linearly to >40dB at 100kHz
typically negligible

0.1% (0.25% above 500V) + 0.3V

0.1% (0.25% above 500V) + 0.05V + 0.1%/Hz
add 0.15% below 0.04Hz if AC coupled
add 0.2V for peak measurements

0.1% (0.25% above 500V) + 0.05V + 0.01%/Hz
add 0.05% below 0.4Hz if AC coupled
add 0.2V for peak measurements

0.1% (0.25% above 500V) + 0.075V + 0.001%/Hz
add 0.05% below 4Hz if AC coupled
add 0.3V for peak measurements

0.1% (0.25% above 500V) + 0.1V + 0.4%/kHz
add 0.05% below 40Hz if AC coupled
add 1V for peak measurements

0.1% (0.25% above 500V) + 0.15V + 0.04%/kHz
add 0.1% below 40Hz if AC coupled
add 2V for peak measurements

>70dB decreasing linearly to >35dB at 100kHz
typically negligible

Internal Current (8A option)

DC
0.02Hz to 20Hz range

0.2Hz to 200Hz range

2Hz to 2kHz range

20Hz to 5kHz range

0.1% + 0.005A

0.1% + 0.005A + 0.1%/Hz
add 0.15% below 0.04Hz if AC coupled
add 0.02A for peak measurements

0.1% + 0.005A + 0.01%/Hz
add 0.05% below 0.4Hz if AC coupled
add 0.02A for peak measurements

0.1% + 0.005A + 0.001%/Hz
add 0.05% below 4Hz if AC coupled
add 0.02A for peak measurements

0.1% + 0.005A + 0.4%/kHz
add 0.05% below 40Hz if AC coupled
add 0.04A for peak measurements
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20Hz to 100kHz range

Common Mode

Phase (to Voltage)

below 10kHz : 0.1% + 0.01A + 0.4%/kHz
10kHz to 40kHz : 0.03A + 0.4%/kHz
above 40kHz : 16% + 0.03A

add 0.1% below 40Hz if AC coupled
add 0.1A for peak measurements

0.000001A / V [/ kHz (i.e. 0.0002A per kHz at 230V)

0.1° + 0.05°/KHz
add 1° for frequencies 1kHz to 10kHz

Internal Current (40A option)

DC
0.02Hz to 20Hz range

0.2Hz to 200Hz range

2Hz to 2kHz range

20Hz to 5kHz range

20Hz to 100kHz range

Common Mode

Phase (to Voltage)

0.1% + 0.025A

0.1% + 0.025A + 0.1%/Hz
add 0.15% below 0.04Hz if AC coupled
add 0.1A for peak measurements

0.1% + 0.025A + 0.01%/Hz
add 0.05% below 0.4Hz if AC coupled
add 0.1A for peak measurements

0.1% + 0.025A + 0.001%/Hz
add 0.05% below 4Hz if AC coupled
add 0.1A for peak measurements

0.1% + 0.025A + 0.4%/kHz
add 0.05% below 40Hz if AC coupled
add 0.2A for peak measurements

below 10kHz : 0.1% + 0.05A + 0.4%/kHz
10kHz to 40kHz : 0.15A + 0.4%/kHz
above 40kHz : 16% + 0.15A

add 0.1% below 40Hz if AC coupled
add 0.5A for peak measurements

0.000005A / V [ kHz (i.e. 0.001A per kHz at 230V)

0.1° + 0.05°/kHz
add 1° for frequencies 1kHz to 10kHz

External Current (E option, voltage input)

DC
0.02Hz to 20Hz range

0.1% + 0.0005V

0.1% + 0.0001V + 0.1%/Hz
add 0.15% below 0.04Hz if AC coupled
add 0.0005V for peak measurements
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0.2Hz to 200Hz range

2Hz to 2kHz range

20Hz to 5kHz range

20Hz to 100kHz range

Common Mode

Phase (to Voltage)

0.1% + 0.0001V + 0.01%/Hz
add 0.05% below 0.4Hz if AC coupled
add 0.0005V for peak measurements

0.1% + 0.0001V + 0.001%/Hz
add 0.05% below 4Hz if AC coupled
add 0.0005V for peak measurements

0.1% + 0.00015V + 0.4%/kHz
add 0.05% below 40Hz if AC coupled
add 0.0015V for peak measurements

0.1% + 0.00025V + 0.02%/kHz
add 0.1% below 40Hz if AC coupled
add 0.0025V for peak measurements

>60dB decreasing linearly to >40dB at 100kHz
0.1° + 0.05°/kHz

External Current (E option, current input)

DC
0.02Hz to 20Hz range

0.2Hz to 200Hz range

2Hz to 2kHz range

20Hz to 5kHz range

20Hz to 100kHz range

Phase (to Voltage)

VA

0.1% + 0.01A

0.1% + 0.002A + 0.1%/Hz
add 0.15% below 0.04Hz if AC coupled
add 0.01A for peak measurements

0.1% + 0.002A + 0.01%/Hz
add 0.05% below 0.4Hz if AC coupled
add 0.01A for peak measurements

0.1% + 0.002A + 0.001%/Hz
add 0.05% below 4Hz if AC coupled
add 0.01A for peak measurements

0.1% + 0.003A + 0.4%/kHz
add 0.05% below 40Hz if AC coupled
add 0.03A for peak measurements

0.1% + 0.005A + 0.02%/kHz
add 0.1% below 40Hz if AC coupled
add 0.05A for peak measurements

0.1° + 0.05°/kHz

(Applied Voltage) x Current Accuracy + (Applied Current) x Voltage Accuracy
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Power Factor
Combination of phase and crosstalk specifications

At 115 or 230Vrms (current >10% range for option fitted) —

PF = 1.0000 0.9000 0.7000 0.5000 0.3000 0.1000 0.0000
@ 50/60Hz 0.0001 0.0008 0.0013 0.0016 0.0017 0.0018 0.0018
@ 400Hz 0.0001 0.0009 0.0015 0.0018 0.0020 0.0021 0.0021
@ 30kHz 0.0005 0.0218 0.0318 0.0341 0.0329 0.0295 0.0273

@ 100kHz 0.0056 0.0725 0.1014 0.1068 0.1015 0.0897 0.0822

DC Power
(Applied Voltage) x Current Accuracy + (Applied Current) x Voltage Accuracy

AC Power

Combination of (Voltage x Current Accuracy), (Current x Voltage Accuracy), and phase
specifications

At 115 or 230Vrms (current >10% range for option fitted, external current) -

PF= 1.0000 0.9000 0.7000 0.5000 0.3000 0.1000  0.0000
@ 50/60Hz  0.2% 03% 04% 05% 08% 2% 0.2%VA
@ 400Hz 0.2% 03% 04% 06% 08% 23% 0.23%VA
@ 30kHz 1.5% 31% 48% 69% 11% 30% 3%VA

@ 100kHz 4.6% 9.9% 15% 20% 33%  10%VA 10%VA

VAR

Combination of (Voltage x Current Accuracy), (Current x VVoltage Accuracy), phase
accuracy, and common-mode

At 115 or 230Vrms (current >10% range for option fitted, external current, accuracy % of
VAR reading) -

PF = 1.0000 0.9000 0.7000 0.5000 0.3000 0.1000 0.0000
@ 50/60Hz 0.2%VvA 11% 05% 03% 03% 02% 0.2%
@ 400Hz 0.2%VA 12% 05% 04% 03% 02% 0.2%
@ 30kHz 1.0%VA 13% 45% 28% 21% 16% 1.4%

@ 100kHz 5.0%VA 40%  14% 8.3% 6% 44% 4.2%

Harmonics
In the following ‘N’ denotes a harmonic number.
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Minimum Fundamental

Number Harmonics

Absolute Harmonics
Relative Harmonics
Total Distortion

Inter-Harmonic Phase

Frequency
Minimum Input

Measurement Accuracy

Measurement Period

Integrated Results

1% of full-scale for selected synchronization source

50 or 40kHz/fundamental frequency (whichever
smaller)

As signal accuracy + (0.05% x N)

0.1% + 0.04%/kHz

0.1% at line frequencies

0.1° + 0.2°/kHz (harmonic > 0.1% full-scale)

0.5% of range for Option for input selected
0.05% (sampling synchronized to within 0.01%)

100ms or 1 cycle (whichever longer)

Accuracy of integrated result + 0.05% + 10ms

Crest Factor
Accuracy

Range

Form Factor
Accuracy

Range

Load K-Factor
Accuracy

Range

Waveforms
Number of points per cycle

Amplitude Accuracy

From accuracy of peak results
1t0 999

From accuracy of amplitude results
1t0 999

From accuracy of harmonics results, typical accuracy
within 0.02 at line frequencies.

110 999

400 (nominally 0.4° accuracy)

As relevant peak accuracy
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History
Timing Accuracy

Timing Resolution
Result Accuracy

Filtering

Depth

Timing (per division)

0.05% + 10ms
5% of a division
As the result

Non-peak results averaged over 5% of a division,
peak results have continuous coverage within each
5% of a division at all frequencies

10 divisions

0.4 seconds, 1 second, 2 seconds, 5 seconds, 10
seconds, 30 seconds, 1 minute, 3 minutes, 10
minutes, 30 minutes, 1 hour, 3 hours, 6 hours, 12
hours, 1 day (user selectable)



