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1. Make sure that all Magtrol dynamometers and electronic products are earth-grounded, to ensure
personal safety and proper operation.

2. Securely ground the 6510e Power Analyzer case by connecting a good earth ground at the
ground stud located on the rear panel of the unit.  Use a number 12 AWG, or larger wire.

3. Check line voltage before operating.

4. Make sure that dynamometers and motors under test are equipped with appropriate safety
guards.

Safety Precautions
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Magtrol User’s Manuals can be found at Magtrol’s web site at www.magtrol.com/support/manuals.htm.

Please compare the date of this manual with the revision date on the web site, then refer to the manual’s Table of
Revisions for any changes/updates that have been made since this edition.

REVISION DATE

Preliminary Manual, Revision D – September 2003

TABLE OF REVISIONS

.

Revisions To This Manual

etaD noitidE egnahC )s(noitceS

30/03/90
yranimilerP

D.veR,launaM
.deriuqerputeson-egatloveniL:noitcerroC 1.1.3

30/91/60
yranimilerP

C.veR,launaM
.edomegarevaraelc/tratsotCIdnaSIsdnammocnoitarugifnocdeddA 1.6.5

30/91/60
yranimilerP

C.veR,launaM
.seulavdeyalpsideveirterotEVAOdnammoctuptuoataddeddA 2.6.5

20/91/60
yranimilerP

B.veR,launaM
.teehsatadotnoitamrofninoitpotuptuogolanadeddA 3.1

20/02/50
yranimilerP

A.veR,launaM
cihparguneMputeSrotcaFelacSrosneSlanretxEniVm/AotA/VmdegnahC 2.3.3.3

20/02/50
yranimilerP

A.veR,launaM
edocdnammoc>rotanimret<2m1ESfoegnareulavdnastinudetadpU 1.6.5

http://www.magtrol.com/support/manuals.htm


iii

Table of Contents

SAFETY PRECAUTIONS ......................................................................................................................... i

REVISIONS TO THIS MANUAL............................................................................................................... ii
REVISION DATE ................................................................................................................................................................. ii

TABLE OF REVISIONS ...................................................................................................................................................... ii

TABLE OF CONTENTS ......................................................................................................................... iii
TABLE OF FIGURES ......................................................................................................................................................... vi

PREFACE .............................................................................................................................................. vii
PURPOSE OF THIS MANUAL ........................................................................................................................................ vii

WHO SHOULD USE THIS MANUAL............................................................................................................................. vii

MANUAL ORGANIZATION ............................................................................................................................................ vii

CONVENTIONS USED IN THIS MANUAL .................................................................................................................. viii

1.   INTRODUCTION ................................................................................................................................ 1
1.1 UNPACKING YOUR 6510E POWER ANALYZER ..................................................................................................... 1

1.2 NEW FEATURES OF THE 6510E POWER ANALYZER ........................................................................................... 1

1.3 DATA SHEET ................................................................................................................................................................ 2

2.  CONTROLS ........................................................................................................................................ 5
2.1 FRONT PANEL ............................................................................................................................................................. 5

2.2 FRONT PANEL CONTROLS AND BUTTONS .......................................................................................................... 5
2.2.1 Enabling Secondary Functions ........................................................................................................................ 6
2.2.2 Using Front Panel Controls and Buttons ......................................................................................................... 6

2.3 VACUUM FLUORESCENT DISPLAY (VFD) ............................................................................................................ 8
2.3.1 Contrast Settings .............................................................................................................................................. 8
2.3.2 Display Guide .................................................................................................................................................. 9

2.4 REAR PANEL ............................................................................................................................................................. 10

2.5 REAR PANEL INPUTS AND OUTPUTS .................................................................................................................. 10

3.  INSTALLATION/CONFIGURATION ................................................................................................. 13
3.1 POWERING UP THE 6510E ....................................................................................................................................... 13

3.1.1 Line Voltage ................................................................................................................................................... 13
3.1.2 Self-Test ......................................................................................................................................................... 13
3.1.3 Main Menu .................................................................................................................................................... 14

3.2 PROTECTING YOUR 6510E ...................................................................................................................................... 15
3.2.1 Transient Overloads ....................................................................................................................................... 15
3.2.2 Current Overload ........................................................................................................................................... 15
3.2.3 Surge Protection ............................................................................................................................................. 15
3.2.4 Circuit Breakers ............................................................................................................................................. 16

3.3 TESTING INSTRUMENTATION SETUP .................................................................................................................. 17
3.3.1 Wiring Mode .................................................................................................................................................. 17
3.3.2 Measurement Filter ........................................................................................................................................ 18
3.3.3 External Sensor .............................................................................................................................................. 19
3.3.4 Amp Scaling .................................................................................................................................................. 21
3.3.5 Volts Scaling .................................................................................................................................................. 23
3.3.6 Phase Setup .................................................................................................................................................... 24
3.3.7 Special Functions ........................................................................................................................................... 25



iv

Magtrol Model 6510e Single-Phase Power AnalyzerTable of Contents

4.  OPERATING PRINCIPLES............................................................................................................... 27
4.1 ANALOG PROCESSING ............................................................................................................................................ 27

4.1.1 Volts ............................................................................................................................................................... 27
4.1.2 Amps .............................................................................................................................................................. 28
4.1.3 External Shunt ............................................................................................................................................... 29

4.2 DIGITAL PROCESSING ............................................................................................................................................. 29
4.2.1 AC Details ...................................................................................................................................................... 30
4.2.2 DC Details ..................................................................................................................................................... 32
4.2.3 Round-Off Error ............................................................................................................................................ 34

4.3 MEASUREMENT MODES ........................................................................................................................................ 34
4.3.1 Peak................................................................................................................................................................ 34
4.3.2 Peak Hold / Inrush Current ............................................................................................................................ 35
4.3.3 DC .................................................................................................................................................................. 35
4.3.4 RMS ............................................................................................................................................................... 36
4.3.5 Crest Factor .................................................................................................................................................... 36

4.4 MEASUREMENT METHODS ................................................................................................................................... 36
4.4.1 Cycle-by-Cycle Mode .................................................................................................................................... 36
4.4.2 Continuous Mode .......................................................................................................................................... 36

5.  COMPUTER CONTROLLED OPERATION...................................................................................... 37
5.1 ABOUT THE GPIB INTERFACE ............................................................................................................................... 37

5.1.1 Installing the GPIB/IEEE-488 Connector Cable ........................................................................................... 37
5.1.2 Changing the GPIB Primary Address ............................................................................................................ 37

5.2 ABOUT THE RS-232 INTERFACE ............................................................................................................................ 38
5.2.1 Connection ..................................................................................................................................................... 38
5.2.2 Communication Parameters ........................................................................................................................... 39
5.2.3 Baud Rate ....................................................................................................................................................... 39

5.3 CHECKING THE 6510E-TO-PC CONNECTION ..................................................................................................... 39

5.4 DATA FORMAT .......................................................................................................................................................... 40
5.4.1 OT Example ................................................................................................................................................... 40
5.4.2 OE Example ................................................................................................................................................... 41
5.4.3 OA/OV/OW/OF Example .............................................................................................................................. 41

5.5 PROGRAMMING........................................................................................................................................................ 41
5.5.1 Data Termination Characters ......................................................................................................................... 41

5.6 6510E COMMUNICATION COMMANDS ............................................................................................................... 42
5.6.1 Configuration Commands .............................................................................................................................. 42
5.6.2 Data Output Commands ................................................................................................................................ 44

6.  CALIBRATION .................................................................................................................................. 45
6.1 CLOSED-BOX CALIBRATION ................................................................................................................................. 45

6.2 CALIBRATION SCHEDULE ..................................................................................................................................... 45

6.3 CALIBRATION COMMANDS ................................................................................................................................... 45

6.4 BASIC CALIBRATION PROCESS ............................................................................................................................ 46

7.  OPTIONAL FEATURES.................................................................................................................... 48
7.1 ANALOG OUTPUTS .................................................................................................................................................. 48

7.1.1 Specifications ................................................................................................................................................. 48
7.1.2 Channel Assignments .................................................................................................................................... 48
7.1.3 Hardware Connection .................................................................................................................................... 49
7.1.4 Software Configuration ................................................................................................................................. 49
7.1.5 Calibration ..................................................................................................................................................... 50



v

Magtrol Model 6510e Single-Phase Power Analyzer Table of Contents

8.  TROUBLESHOOTING ...................................................................................................................... 52

APPENDIX A:  SCHEMATICS............................................................................................................... 53
A.1 MAIN BOARD - DSP, RAM, FLASH ........................................................................................................................ 53

A.2 MAIN BOARD - INPUT/OUTPUT, GPIB, RS-232 ................................................................................................... 54

A.3 MAIN BOARD - FPGA ............................................................................................................................................... 55

A.4 INPUT MODULE - CURRENT .................................................................................................................................. 56

A.5 INPUT MODULE - VOLTAGE ................................................................................................................................... 57

A.6 KEY PAD..................................................................................................................................................................... 58

A.7 ANALOG OUTPUT .................................................................................................................................................... 59

GLOSSARY ........................................................................................................................................... 63

INDEX .................................................................................................................................................... 64

MAGTROL LIMITED WARRANTY ........................................................................................................ 66



vi

Magtrol Model 6510e Single-Phase Power AnalyzerTable of Contents

TABLE OF FIGURES

CHAPTER 2
Figure 2–1 Front Panel ............................................................................................................................................. 5
Figure 2–2 Secondary Function Menu ..................................................................................................................... 6
Figure 2–3 Device Setup Menu ................................................................................................................................. 9
Figure 2–4 Rear Panel ............................................................................................................................................ 10
Figure 2–5 Input Module ........................................................................................................................................ 10
Figure 2–6 RS-232C Interface ................................................................................................................................ 11
Figure 2–7 GPIB/IEEE-488 Interface .................................................................................................................... 11

CHAPTER 3
Figure 3–1 Program Download Display ................................................................................................................. 13
Figure 3–2 Title Display ......................................................................................................................................... 13
Figure 3–3 Revision Display ................................................................................................................................... 14
Figure 3–4 Phase Main Menu ................................................................................................................................. 14
Figure 3–5 Summation Main Menu ........................................................................................................................ 14
Figure 3–6 Custom Main Menu .............................................................................................................................. 16
Figure 3–7 Single-Phase, Two-Wire Wiring Schematic .......................................................................................... 17
Figure 3–8 Single-Phase, Two-Wire Wiring Connection ........................................................................................ 17
Figure 3–9 Sensor Substitution Wiring Schematic .................................................................................................. 19
Figure 3–10 Sensor Substitution Wiring Connection ................................................................................................ 19
Figure 3–11 External Sensor Scale Factor Setup Menu ........................................................................................... 20
Figure 3–12 Current/Potential Transformer Connection .......................................................................................... 21
Figure 3–13 Amp Scaling Setup Menu ...................................................................................................................... 21
Figure 3–14 Amp/Volt Scaling Activated .................................................................................................................. 22
Figure 3–15 Volt Scaling Setup Menu ....................................................................................................................... 23
Figure 3–16 Cycle-by-Cycle Mode ........................................................................................................................... 24
Figure 3–17 Hold Mode ............................................................................................................................................ 25
Figure 3–18 Average Mode ....................................................................................................................................... 25
Figure 3–19 Peak Hold Clear Display ...................................................................................................................... 26
Figure 3–20 Custom Display .................................................................................................................................... 26

CHAPTER 4
Figure 4-1 Peak Example ....................................................................................................................................... 34
Figure 4–2 Peak Hold/Inrush Current Example ..................................................................................................... 35
Figure 4–3 Crest Factor Example ........................................................................................................................... 36

CHAPTER 5
Figure 5–1 GPIB Installation ................................................................................................................................. 37
Figure 5–2 GPIB Address Setup Menu ................................................................................................................... 38
Figure 5–3 RS-232 Interface ................................................................................................................................... 38
Figure 5–4 Cable Connection Using Null Modem ................................................................................................. 38
Figure 5–5 RS-232 Baud Rate Setup Menu ............................................................................................................ 39

CHAPTER 6
Figure 6–1 Calibration/Verification Test Setup ...................................................................................................... 46
Figure 6–2 Calibration Mode Enabled ................................................................................................................... 46

CHAPTER 7
Figure 7–1 Analog Output ...................................................................................................................................... 48
Figure 7–2 Analog Output Setup Menu .................................................................................................................. 49



vii

PURPOSE OF THIS MANUAL

This manual contains all the information required for the installation and general use of the Model
6510e Power Analyzer.  To achieve maximum capability and ensure proper use of the instrument,
please read this manual in its entirety before operating.  Keep the manual in a safe place for quick
reference whenever a question should arise.

WHO SHOULD USE THIS MANUAL

This manual is intended for those operators who are planning to use the Model 6510e Power Analyzer
for power measurement purposes either as a stand-alone instrument or in conjunction with any
Magtrol Hysteresis, Eddy-Current or Powder Brake Dynamometer, any Magtrol Dynamometer
Controller and M-TEST Motor Testing Software.

MANUAL ORGANIZATION

This section gives an overview of the structure of the manual and the information contained within
it.  Some information has been deliberately repeated in different sections of the document to minimize
cross-referencing and to facilitate understanding through reiteration.

The structure of the manual is as follows:

Chapter 1: INTRODUCTION - Contains the technical data sheet for the 6510e Power Analyzer,
which describes the unit and provides its mechanical and electrical characteristics.

Chapter 2: CONTROLS - Description of the elements located on the front and rear panels of
the unit.

Chapter 3: INSTALLATION/CONFIGURATION - Provides information needed for setup of
the 6510e including wiring mode, measurement filter, external sensor, amp scaling
and volt scaling along with phase setup instructions and special functions available.

Chapter 4: OPERATING PRINCIPLES - Information pertaining to theory of operation
including analog processing, digital processing, measurement modes and
measurement methods.

Chapter 5: COMPUTER CONTROLLED OPERATION - How to run a test when the 6510e is
used with a PC.  Includes information on IEEE-488 and RS-232 Interface, data
format, programming and command set.

Chapter 6: CALIBRATION - Provides recommended calibration schedules along with step-
by-step instructions for the calibration procedure.

Chapter 7: OPTIONAL FEATURES - Provides information regarding various optional features
available with the 6510e including analog outputs.

Chapter 8: TROUBLESHOOTING -  Solutions to common problems encountered during setup
and testing.

Appendix A: SCHEMATICS - For the main board, input modules, key pad and analog output.

Glossary: List of abbreviations and terms used in this manual, along with their definitions.

Preface
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CONVENTIONS USED IN THIS MANUAL

The following symbols and type styles may be used in this manual to highlight certain parts of the
text:

Note: This is intended to draw the operator’s attention to complementary
information or advice relating to the subject being treated.  It
introduces information enabling the correct and optimal functioning
of the product to be obtained.

CAUTION: THIS IS USED TO DRAW THE OPERATOR’S ATTENTION TO INFORMATION,
DIRECTIVES, PROCEDURES, ETC. WHICH, IF IGNORED, MAY RESULT IN DAMAGE

BEING CAUSED TO THE MATERIAL BEING USED.  THE ASSOCIATED TEXT

DESCRIBES THE NECESSARY PRECAUTIONS TO TAKE AND THE CONSEQUENCES

THAT MAY ARISE IF THE PRECAUTIONS ARE IGNORED.

WARNING! THIS INTRODUCES DIRECTIVES, PROCEDURES,
PRECAUTIONARY MEASURES, ETC. WHICH MUST BE
EXECUTED OR FOLLOWED WITH THE UTMOST CARE
AND ATTENTION, OTHERWISE THE PERSONAL
SAFETY OF THE OPERATOR OR THIRD PARTY MAY BE
PUT AT RISK.  THE READER MUST ABSOLUTELY TAKE
NOTE OF THE ACCOMPANYING TEXT, AND ACT UPON
IT, BEFORE PROCEEDING FURTHER.
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Calibration Certificate

1.   Introduction

2. Inspect the contents for any evidence of damage in shipping.  In the event of shipping damage,
immediately notify the carrier and Magtrol's Customer Service Department.

Note: Save all shipping cartons and packaging material for reuse when
returning the instrument for calibration or servicing.

1.2 NEW FEATURES OF THE 6510e POWER ANALYZER
Magtrol's new Model 6510e Single-Phase Power Analyzer is an upgraded version of the 6510.  The
new features that make the unit unique include:

• Analog Outputs:  Plug-in module that provides 12 channels of analog output corresponding
to volts, amps and watts.

• Peak Hold:  Allows the unit to store the highest value read since the last peak hold was
cleared.  Values can include amps, watts and volts in any preferred combination.

• Average:  Will average the volts, amps and watts over the period that the average function
is enabled.

• Custom Readout:  Display can be configured to present data in any desired format.

1.1 UNPACKING YOUR 6510e POWER ANALYZER
Your 6510e Power Analyzer was packaged in reusable, shock resistant packing material that will
protect the instrument during normal handling.

1. Make sure the carton contains the following:

AUTO

PEAK-CFRMS

CURRENT RANGE VOLTAGE RANGE

DC PEAK-CFRMSDC

CYC-CONT

SOURCE

W-VA-PF

PEAK HOLD

HOLD

AVG

AUTO

DISPLAY SHIFT

MODEL 6510e
POWER ANALYZER

ENTER

USER MENU

6510e Single-Phase Power Analyzer
Line cord Magtrol

User Manual
CD-Rom

Banana Jack Connectors (4 each per phase)

Isolated BNC Sensor
Connectors (1 each per phase)
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1.3 DATA SHEET
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2.  Controls

2.1 FRONT PANEL

The front panel provides a power switch, sixteen control buttons and a Vacuum Fluorescent Display
(VFD).

AUTO

PEAK-CFRMS

CURRENT RANGE VOLTAGE RANGE

DC PEAK-CFRMSDC

CYC-CONT

SOURCE

W-VA-PF

PEAK HOLD

HOLD

AVG

AUTO

DISPLAY SHIFT

MODEL 6510e
POWER ANALYZER

ENTER

USER MENU

Figure 2–1  Front Panel

2.2 FRONT PANEL CONTROLS AND BUTTONS

The front panel controls and buttons, from left to right, are:

• Power switch

• Display button

• Nine double-function control buttons:

noitcnuFyramirP noitcnuFyradnoceS

EGNARTNERRUC )tnerruc(CD

EGNARTNERRUC )tnerruc(SMR

EGNARTNERRUCOTUA )tnerruc(FC-KAEP

EGNAREGATLOV )egatlov(CD

EGNAREGATLOV )egatlov(SMR

EGNAREGATLOVOTUA )egatlov(FC-KAEP

TNOC-CYC ECRUOS

FP-AV-W GVA

DLOH DLOHKAEP

• SHIFT - enables secondary functions printed in blue above control buttons

• Five USER MENU buttons

• Left Arrow �

• Right Arrow �
• Up Arrow �

• Down Arrow �

• ENTER
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2.2.1 ENABLING SECONDARY FUNCTIONS

To enable the secondary function of the double-function control buttons:

1. Press the blue SHIFT button and release it.  The word “SHIFT” appears in the display:

CURRENT VOLTAGE POWER/PF

Figure 2–2  Secondary Function Menu

2. Press any control button to enable the function shown in blue letters above the button.

2.2.2 USING FRONT PANEL CONTROLS AND BUTTONS

2.2.2.1 Controls/Single-Function Buttons

nottuB esUoT noitcnuF

REWOP OsserPNOrewopnrutotIsserP
.FFOrewopnrutot .FFOroNOrewopsnruT

TFIHS neht;esaelerdnanottubsihtsserP
.nottublortnocderisedsserp

evobaeulbninettirwnoitcnufehtselbanE
.nottublortnoc

uneMresU

RETNE .nottubsihtsserP .UNEMRESUselbasiD/selbanE

.nottubsihtsserP
selggot,delbanesiUNEMRESUnehW

anistigidehtrosnoitceles,sdleifneewteb
.eulavlaciremun

.nottubsihtsserP
selggot,delbanesiUNEMRESUnehW

anistigidehtrosnoitceles,sdleifneewteb
.eulavlaciremun

.nottubsihtsserP
selggot,delbanesiUNEMRESUnehW

ehtsesaercnirosnoitcelesneewteb
.eulavlaciremunafotigiddetceles

.nottubsihtsserP
selggot,delbanesiUNEMRESUnehW

ehtsesaercedrosnoitcelesneewteb
.eulavlaciremunafotigiddetceles
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2.2.2.2 Double-Function Buttons

nottuB esUoT noitcnuF

YALPSID

neht;esaelerdnaTFIHSsserP
rehtrufroF(.nottubsihtsserp

ees,noitcurtsni -4.7.3.3noitceS
yalpsiDmotsuC ).

.yalpsidmotsucswohS

tnerruC

CD neht;esaelerdnaTFIHSsserP
.nottubsihtsserp .tnemerusaemspmaCDstceleS

SMR neht;esaelerdnaTFIHSsserP
.nottubsihtsserp .tnemerusaemspmaSMRstceleS

FC-KAEP neht;esaelerdnaTFIHSsserP
.nottubsihtsserp

.tnemerusaemspmadeyalpsidstceleS
FC-KAEPnehtTFIHSsserpoteunitnoC

ehthguorhtelggotseulavdeyalpsidehtdna
:gniwollof

)sgnidaerrotcaftsercspma(fcA•
~A• (↑ )sgnidaerhsurni/dlohkaepspma

)sgnidaerkaepspma(kpA•

egnaRtnerruC

.nottubsihtsserP .egnarspmastnemerceD

.nottubsihtsserP .egnarspmastnemercnI

OTUA .nottubsihtsserP .egnarotuaspmastcelesed/stceleS

egatloV

CD neht;esaelerdnaTFIHSsserP
.nottubsihtsserp .tnemerusaemegatlovCDstceleS

SMR neht;esaelerdnaTFIHSsserP
.nottubsihtsserp .tnemerusaemegatlovSMRstceleS

FC-KAEP neht;esaelerdnaTFIHSsserP
.nottubsihtsserp

.tnemerusaemegatlovdeyalpsidstceleS
FC-KAEPnehtTFIHSsserpoteunitnoC

ehthguorhtelggotseulavdeyalpsidehtdna
:gniwollof

)sgnidaerrotcaftsercegatlov(fcV•
~V• ↑ )sgnidaerhsurni/dlohkaepegatlov(

)sgnidaerkaepegatlov(kpV•

egnaRegatloV

.nottubsihtsserP .egnaregatlovstnemerceD

.nottubsihtsserP .egnaregatlovstnemercnI

OTUA .nottubsihtsserP .egnarotuaegatlovstcelesed/stceleS
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nottuB esUoT noitcnuF

ECRUOS neht;esaelerdnaTFIHSsserP
.nottubsihtsserp

elcyc-yb-elcycehttahtlangisehtstceleS
.htiwdezinorhcnyseblliwtnemerusaem
ECRUOSnehtTFIHSsserpoteunitnoC

ehthguorhtselggotecruosehtdna
:gniwollof

)tupniegatlov(1V•
)tupnispma(1A•

)tupnicnyslanretxe(TXE•
)enilCAgnimocni(ENIL•

:ETON ECRUOSnehtTFIHSgnitceleS
-yb-elcycottinuhctiwsyllacitamotualliw

.edomelcyc

TNOC-CYC .nottubsihtsserP elcyc-yb-elcycrosuounitnocstceleS
.dohtemtnemerusaem

GVA neht;esaelerdnaTFIHSsserP
.nottubsihtsserp .edomgnigarevaselbanE

FP-AV-W .nottubsihtsserP

ebotsieulavdetaluclactahwstceleS
.deyalpsid

ehtdnaFP-AV-WsserpoteunitnoC
ehthguorhtelggotseulavdeyalpsid

:gniwollof
W• ↑ )sttawhsurni(

)sttaw(W•
V(AV• smr Ax smr )

)rotcafrewop(FP•

DLOHKAEP neht;esaelerdnaTFIHSsserP
.nottubsihtsserp .seulavhsurni/dlohkaepsteseR

DLOH .nottubsihtsserP

desserpsidlohlitnuseulavdeyalpsidsdloH
.niaga
:ETON lliwsnoitcnufenihcamlanretnillA

ehtnehwgnignar-otuatpecxedetlaheb
.delbanesierutaefDLOH

2.3 VACUUM FLUORESCENT DISPLAY (VFD)

The VFD provides information about control functions, phase voltage and current.

woRpoT woRmottoB

tnerruC egnaRtnerruC

egatloV egnaRegatloV

FP/rewoP sutatS/ecruoS

2.3.1 CONTRAST SETTINGS

The 6510e Power Analyzer is shipped with the Contrast Setting on low in order to prolong display
life.  If it is necessary to increase the Contrast for improved readability, execute the following steps
using the USER MENU located on the front panel of the unit.

1. Press the ENTER button.  The display should appear as follows.
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CURRENT VOLTAGE POWER/PFDEVICE

SELECTIONS

Figure 2–3  Device Setup Menu

2. Press � and � buttons until "I/O" appears in the display.

3. Press ENTER button.

4. Press � and � buttons until "DISPLAY BRIGHTNESS" appears in the display.

5. Use the � and � buttons until desired brightness is reached.

6. Press ENTER button to return to main menu.

Note: There are three settings available; low, medium and high.  Make
sure the lowest possible setting is used to achieve desired result.
Using a setting higher than necessary may cause display segments
to burn-in over a period of time, resulting in uneven illumination
from segment to segment.

2.3.2 DISPLAY GUIDE

Following is a reference for symbols, abbreviations and messages that are used in the 6510e.

egasseM/noitaiverbbA/lobmyS gninaeM

TFIHS desserpsawnottubtfihS

RORREO/I dezingocertondnammoC

V stloV

A spmA

W sttaW

FP rotcaFrewoP

kp kaeP

fc rotcaFtserC

detavitcasinoitcnufgnilacS

detavitcasinoitcnufegarevA

detavitcasinoitcnufhsurnI/dloHkaeP

↑ hsurnI/dloHkaeP

__… CD

~ )CD+CA(SMR
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INPUT
MODULE

±

V A

±
20 A

AMPS

750 V

VOLTS

MAX.

EXT.

MAX.
1000 V

MAX.

MAX.
 ±10 V
SENSOR

Figure 2–5  Input Module

Voltage Input Connect wires to measure voltage across the load (parallel).

CAUTION: VOLTAGE SHOULD NOT EXCEED 750 V AC/DC
TERMINAL (V) TO TERMINAL (±) AND 1000 V AC/DC
TERMINAL TO EARTH GROUND.

Amps Input Connect wires to measure amps through the load (series).

CAUTION: AMPS SHOULD NOT EXCEED 20 A CONTINUOUS.
VOLTAGE SHOULD NOT EXCEED 1000 V AC/DC
TERMINAL TO GROUND.

External Sensor Alternate amps input for current sensor or shunt.

CAUTION: VOLTAGE SHOULD NOT EXCEED ±10 V AC/DC.

Contains the Voltage Input, Amps Input and External Sensor connector.

2.4 REAR PANEL

The rear panel provides connectors and receptacles for connecting to appropriate equipment.

A
N
A
L
O
G

O
U
T
P
U
T

±

V A

± EXT.
SYNC.

EARTH
GROUND

20VA 50/60Hz 

FUSE (5x20mm)

CAUTION: DOUBLE POLE FUSING

120V UL/CSA 250mA 250V SB
240V IEC 160mA 250V T

RS-232C
GPIB/IEEE-488

MAGTROL INC.

20 A

AMPS

750 V

VOLTS

MAX.

EXT.

MAX.
1000 V

MAX.

MAX.
 ±10 V
SENSOR

Figure 2–4  Rear Panel

2.5 REAR PANEL INPUTS AND OUTPUTS

1 4

2 3 5

6 7

1

1b

1c

1a

1a

1b

1c
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ANALOG
OUTPUT
(optional)

Connects strip chart recorder or data acquisition system, providing 3
analog outputs.
• Volts
• Amps
• Watts
±10 volts = range
See Section 7.1 – Analog Outputs for detailed information about this
option.

EXT. SYNC. Provides alternate method to synchronize the power analyzer with the
measured signal in cycle-by-cycle mode.

CAUTION: INPUT IS NOT ISOLATED FROM EARTH GROUND.  EXT.
SYNC. SHOULD NOT EXCEED 0–5 V DC (TTL/
CMOS LEVELS).

RS-232C Use this socket for RS-232 connector cable.

 5. GND

 1.  6. 

 9. 
 3. TX  8. 
 2. RX

 4. 

 7. 

14 3 25

69 8 7

Figure 2–6  RS-232C Interface

 Use this socket for GPIB cable (meets IEEE-488 specifications).

24. SIGNAL GROUND
23. ATN-COM
22. SRQ-COM
21. IFC-COM
20. NDAC-COM
19. NRFD-COM
18. DAV-COM
17. REN
16. D8
15. D7
14. D6
13. D5

12. SHIELD
11. ATN
10. SRQ
 9. IFC
 8. NDAC
 7. NRFD
 6. DAV
 5. E01
 4. D4
 3. D3
 2. D2
 1. D1

14 3 2

13141516

6 5

1718

7

19

811 10 9

20212223

12

24

Figure 2–7  GPIB/IEEE-488 Interface

2

3

5 GPIB/
IEEE-488

4



12

Magtrol Model 6510e Single-Phase Power AnalyzerChapter 2 – Controls

G
E

N
E

R
A

L
IN

F
O

R
M

A
T

IO
N

Attach power cord here.

WARNING: MAKE SURE THAT ALL MAGTROL
DYNAMOMETERS AND ELECTRONIC
PRODUCTS ARE EARTH-GROUNDED, TO
ENSURE PERSONAL SAFETY AND
PROPER OPERATION.  SECURELY
GROUND THE 6510e POWER ANALYZER
CASE BY CONNECTING A GOOD EARTH
GROUND AT THE GROUND STUD
LOCATED ON THE REAR PANEL OF THE
UNIT.  USE A NUMBER 12 AWG, OR
LARGER WIRE.

EARTH
GROUND

7 Attach earth ground here.

POWER6
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3.  Installation/Configuration

Note: Before installing the 6510e, you should become familiar with the
front and rear panels, as outlined in Chapter 2 – Controls.

3.1 POWERING UP THE 6510e

WARNING! TO REDUCE THE RISK OF ELECTRIC SHOCK, MAKE
SURE THE 6510e IS EARTH GROUNDED BEFORE
STARTING!

3.1.1 LINE VOLTAGE

The 6510e will operate from 85 to 264 VAC on a 50/60 Hz line voltage.

3.1.2 SELF-TEST

After turning the power on to the 6510e, the display panel will show all segments of the VFD (series
of rectangles), indicating that the 6510e is downloading the program.

CURRENT VOLTAGE POWER/PF

Figure 3–1  Program Download Display

When the program download is complete, the Title Display will appear.

CURRENT VOLTAGE POWER/PF

Figure 3–2  Title Display
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Then an additional display will appear indicating the version of your Magtrol 6510e Power Analyzer.

CURRENT VOLTAGE POWER/PF

Figure 3–3  Revision Display

3.1.3 MAIN MENU

When the 6510e is completely powered up and ready for use, the main menu will appear on the
display.  The main menu is defined by the last configuration that was used.  This could include one
of two different menus:  phase or custom.

The phase menu will appear as follows.

CURRENT VOLTAGE POWER/PF

Figure 3–4  Phase Main Menu

The custom menu can include up to 6 fields with selections dependent on the measurement mode.

CURRENT VOLTAGE POWER/PF

Figure 3–5  Custom Main Menu
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3.2 PROTECTING YOUR 6510e

Before the 6510e is used for power measurement, guidelines regarding transient overloads, current
overload, surge protection and circuit breakers must be followed.

3.2.1 TRANSIENT OVERLOADS

Connect an appropriate transient suppressor in parallel with all inductive loads.  Consult the suppressor
vendor's application literature for proper selection and sizing.

CAUTION: DAMAGE TO THE 6510e CAN RESULT FROM EXCESSIVE VOLTAGE TRANSIENTS

GENERATED BY UNSUPPRESSED INDUCTIVE LOADS.  THIS DAMAGE IS NOT

WITHIN THE SCOPE OF THE NORMAL INSTRUMENT SERVICE AND IS NOT

COVERED BY THE MAGTROL WARRANTY.

3.2.2 CURRENT OVERLOAD

There are no fuses in the 6510e measuring circuits.  Therefore, excessive current passed through the
amps terminals will cause excessive internal heating and possible unit damage.

CAUTION: THIS OVERLOAD ABUSE IS NOT COVERED BY THE MAGTROL WARRANTY.

Know your load conditions and double check all connections.  If an overload should occur,
immediately remove all power and locate and correct the problem before re-energizing your circuit.
If a circuit breaker is installed, it must be installed on the load side of the 6510e (downstream).  This
will keep the low impedance of the input line connected to the 6510e for surge suppression.  If the
line side must also contain a breaker, it should be delayed in operation to open after the load side
breaker has opened.

3.2.3 SURGE PROTECTION

Use Metal Oxide Varistors (MOV) or other equivalent transient suppressors connected between
lines at the load (across the load).  These suppressors are an absolute necessity when inductive loads
are used.  In three-phase systems, each load must have a suppressor.
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SINGLE PHASE
TWO-WIRE LOAD

THREE-PHASE LOAD
WYE CONNECTED

THREE-PHASE LOAD
DELTA CONNECTED

LOW
LINE

LINE
HIGH

(LINE) (LOAD)

(LINE 1) (LOAD)

NEUTRAL

L3

L2

L1

1
3MOV >V VLINE TO LINE

VVMOV > LINE TO LINE

LINE TO LINEVMOV >V

(LINE 1) (LOAD)

L3

L2

L1

MOV

MOV

MOV

MOVMOV

MOV MOV

Figure 3–6  Transient Voltage Suppression

3.2.4 CIRCUIT BREAKERS

With the circuits described in Section 3.3.1.1 - Hardware Connections, use the 6510e remote voltage
sense by measuring the voltage at the load.  This increases measurement accuracy by eliminating
line voltage drop from the power measurement.  For safety, an overload circuit breaker  removes all
load voltage during an over-current condition.  The voltage sense lines are connected at the line side
of the circuit breaker to help prevent inductive transients from entering the 6510e as the circuit
breaker opens.  Make sure that connections from the circuit breaker to the load are heavy conductors
and short as possible.

CAUTION: IF A CIRCUIT BREAKER IS USED IN THE INPUT LINE TO THE 6510e, A CIRCUIT

SHOULD BE USED THAT PREVENTS THE BREAKER FROM OPENING UNTIL AFTER

THE LOAD SIDE BREAKER HAS OPENED.  OTHERWISE, POTENTIALLY

DAMAGING INDUCTIVE TRANSIENTS CAN BE APPLIED TO THE 6510e.
DAMAGE CAUSED BY THESE TRANSIENTS ARE OUTSIDE THE SCOPE OF THE

MAGTROL WARRANTY.
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3.3 TESTING INSTRUMENTATION SETUP

Before the 6510e can be utilized, it must be configured and connected to the devices intended for
power measurement.

3.3.1 WIRING MODE

The 6510e has the ability to support a 1-phase, 2-wire wiring connection.

3.3.1.1 Hardware Connection
• Most commonly used for single-phase AC and DC motor applications.

• The Power Factor is derived from the following equations:

Active Power = W

Active Power is the sum of the instantaneous volts multiplied by the instantaneous amps
inputs.

Apparent Power = Vrms  ×  Arms  =  VA

Apparent Power is the product of volts root mean square and amps root mean square.

Power Factor = W/VA

The following diagrams show the connections for a 1-Phase, 2-Wire measurement.

LOAD

V

A±
±

A

VSOURCE

LOADSOURCE

AV

±±

Figure 3–7  Single-Phase, Two-Wire Wiring Schematic

LINE

LO
A

D

CB
HIGH

MOV

LOW

EARTH

A
N
A
L
O
G

O
U
T
P
U
T

±

V A

± EXT.
SYNC.

EARTH
GROUND

20VA 50/60Hz 

FUSE (5x20mm)

CAUTION: DOUBLE POLE FUSING

120V UL/CSA 250mA 250V SB
240V IEC 160mA 250V T

RS-232C
GPIB/IEEE-488

MAGTROL INC.

20 A

AMPS

750 V

VOLTS

MAX.

EXT.

MAX.
1000 V

MAX.

MAX.
 ±10 V
SENSOR

Figure 3–8  Single-Phase, Two-Wire Wiring Connection
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3.3.1.2 Software Configuration

The 6510e wiring mode default is set at 1-phase, 2-wire, therefore no software configuration is
needed.

3.3.2 MEASUREMENT FILTER

During the RMS calculations, in the signal-processing path, there is a digital low-pass filter. The
user can program the filter’s cutoff frequency.

Measured
Value (Value)² Filter Square

Root

• Selections include 1 Hz, 2 Hz, 5 Hz, 10 Hz, 20 Hz, 50 Hz and 100 Hz .

• Correlation between filter setting and response is as follows:

gnitteSretliF egnahClangiSotesnopseR emoctuO

woL wolS gnidaeRelbatS

hgiH tsaF gnidaeRelbatsnU

For more detailed information on theory, see Chapter 4 – Operating Principles.

3.3.2.1 Hardware Connection

Not applicable.

3.3.2.2 Software Configuration

To configure the 6510e measurement filter, complete the following steps utilizing the USER MENU
located on the front panel of the unit.

1. Turn on the 6510e.  See Section 3.1 – Powering Up the 6510e.

2. Press ENTER button.  The display should appear as shown in Figure 2–3  Device Setup
Menu.

3. Press � and � buttons until MEASUREMENT FILTER appears in the display.

4. Press � and � buttons until desired measurement filter is reached.

5. Press ENTER to exit Device Setup Menu.
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3.3.3 EXTERNAL SENSOR

If currents continuously reach above 20 amps, an external sensor must be used.

3.3.3.1 Hardware Connection

In the wiring mode, the amp meter may be replaced.  The following diagram illustrates the connection.

COAXIAL CABLE

±AA

=

A
±A

AV

±±

Figure 3–9  Sensor Substitution Wiring Schematic

A
N
A
L
O
G

O
U
T
P
U
T

±

V A

± EXT.
SYNC.

EARTH
GROUND

20VA 50/60Hz 

FUSE (5x20mm)

CAUTION: DOUBLE POLE FUSING

120V UL/CSA 250mA 250V SB
240V IEC 160mA 250V T

RS-232C
GPIB/IEEE-488

MAGTROL INC.

20 A

AMPS

750 V

VOLTS

MAX.

EXT.

MAX.
1000 V

MAX.

MAX.
 ±10 V
SENSOR

LO
A

DMOV

CB

SHUNT

LOW

HIGH

EARTH

± A

Figure 3–10  Sensor Substitution Wiring Connection
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3.3.3.2 Software Configuration

To configure the 6510e external sensor, complete the following steps utilizing the USER MENU
located on the front panel of the unit.

1. Turn on the 6510e.  See Section 3.1 – Powering Up the 6510e.

2. Press ENTER button.  The display should appear as shown in Figure 2–3  Device
Setup Menu.

3. Press � and � buttons until EXTERNAL SENSOR appears in the display.

4. Press ENTER button.  The display will appear as follows.

CURRENT VOLTAGE POWER/PF

Figure 3–11  External Sensor Scale Factor Setup Menu

5. To set the scale factor, press the RMS button under A1 and use the ���� buttons in
the USER MENU to adjust the value.

6. Press ENTER to exit the Device Setup Menu.
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3.3.4 AMP SCALING

The current measurement range can be extended by using a current transformer.  Frequency response
will be determined by the characteristics of the transformer used.

3.3.4.1 Hardware Connection

EARTH

LINE

HIGH

LOW

MOV 2 MOV 3

PTCT

LO
A

D

CB

MOV 1

A
N
A
L
O
G

O
U
T
P
U
T

±

V A

± EXT.
SYNC.

EARTH
GROUND

20VA 50/60Hz 

FUSE (5x20mm)

CAUTION: DOUBLE POLE FUSING

120V UL/CSA 250mA 250V SB
240V IEC 160mA 250V T

RS-232C
GPIB/IEEE-488

MAGTROL INC.

20 A

AMPS

750 V

VOLTS

MAX.

EXT.

MAX.
1000 V

MAX.

MAX.
 ±10 V
SENSOR

Figure 3–12  Current/Potential Transformer Connection

3.3.4.2 Software Configuration

To configure the 6510e amp scaling for a current transformer, complete the following steps utilizing
the USER MENU located on the front panel of the unit.

1. Turn on the 6510e.  See Section 3.1 – Powering Up the 6510e.

2. Press ENTER button.  The display should appear as shown in Figure 2–3  Device Setup
Menu.

3. Press � and � buttons until AMP SCALING appears in the display.
4. Press ENTER button.  The display will appear as follows.

CURRENT VOLTAGE POWER/PF

Figure 3–13  Amp Scaling Setup Menu
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5. To set amp scaling, press the RMS button under A1 and use the ���� buttons in the
USER MENU to adjust the value.

6. To turn scaling ON, press the PEAK-CF button under OFF until ON is reached.

7. Press ENTER to exit the Device Setup Menu.

Note: When amps scaling has been activated, "*" will appear in the main
menu next to the amps range as shown in the following figure.

CURRENT VOLTAGE POWER/PF

Figure 3–14  Amp/Volt Scaling Activated
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3.3.5 VOLTS SCALING

The voltage measurement range can be extended by using a potential transformer.  Frequency response
will be determined by the characteristics of the transformer used.

3.3.5.1 Hardware Connection

See Figure 3–12  Current/Potential Transformer Connection.

3.3.5.2 Software Configuration

To configure the 6510e volt scaling for a potential transformer, complete the following steps utilizing
the USER MENU located on the front panel of the unit.

1. Turn on the 6510e.  See Section 3.1 – Powering Up the 6510e.

2. Press ENTER button.  The display should appear as shown in Figure 2–3  Device Setup
Menu.

3. Press � and � buttons until VOLT SCALING appears in the display.

4. Press ENTER button.  The display will appear as follows.

CURRENT VOLTAGE POWER/PF

Figure 3–15  Volt Scaling Setup Menu

5. To set volt scaling, press the RMS button under V1 and use the ���� buttons in the
USER MENU to adjust the value.

6. To turn scaling ON, press the PEAK-CF button under OFF until ON is reached.

7. Press ENTER to exit the Device Setup Menu.

Note: When volts scaling has been activated, "*" will appear in the main
menu next to the volts range as shown in Figure 3–14  Amp/Volt
Scaling Activated.
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3.3.6 PHASE SETUP

Once the wiring mode, measurement filter, external sensor, amp scaling and volt scaling have been
connected and configured, the unit is ready to be configured for phase setup.

1. Select current measurement mode (DC, RMS, peak, crest factor or peak hold).

a. To select DC press SHIFT and release, then press DC button located in CURRENT
RANGE section of front panel.

b. To select RMS press SHIFT and release, then press RMS button located in CURRENT
RANGE section of front panel.

c. To select peak, crest factor or peak hold, press SHIFT and release, then press PEAK-CF
button located in CURRENT RANGE section of front panel.  Keep pressing SHIFT
and PEAK-CF buttons until desired selection appears in display.  For more information
on peak, crest factor and peak hold, see Section 4.3 – Measurement Modes.

2. Select current range by using the � and � buttons located in CURRENT RANGE section
of front panel.  Selections include 50 mV, 250 mV, 0.5 V and 1 V when using an external
sensor and 1 A, 5 A, 10 A and 20 A when using amps input.

3. Select voltage measurement mode (DC, RMS, peak, crest factor or peak hold).

a. To select DC press SHIFT and release, then press DC button located in VOLTAGE
RANGE section of front panel.

b. To select RMS press SHIFT and release, then press RMS button located in VOLTAGE
RANGE section of front panel.

c. To select peak, crest factor or peak hold, press SHIFT and release, then press PEAK-CF
button located in VOLTAGE RANGE section of front panel.  Keep pressing SHIFT and
PEAK-CF buttons until desired selection appears in display.  For more information on
peak, crest factor and peak hold, see Section 4.3 – Measurement Modes.

4. Select voltage range by using the � and � buttons located in VOLTAGE RANGE section
of front panel.  Selections include 30 V, 150 V, 300 V and 600 V.

5. Press W-VA-PF button until desired selection is reached.  Selections include W↑, W, VA
and PF.

6. Once the phase has been configured, cycle-by-cycle or continuous must be chosen.  See
Section 4.4 – Measurement Methods.

a.1. For cycle-by-cycle mode, press CYC-CONT button until display shows source reading
in lower right corner similar to the following figure.

CURRENT VOLTAGE POWER/PF

Figure 3–16  Cycle-by-Cycle Mode

a.2. A source now needs to be selected.  Press SHIFT button and release, then press SOURCE
button.  Keep repeating until desired source selection is reached.  Selections include
VOLT,  AMP, EXT and LINE.

b. For continuous mode, press CYC-CONT until display does not show any readings in
the lower right corner.
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3.3.7 SPECIAL FUNCTIONS

3.3.7.1 Hold
• Freezes display values.

• To set, press and release HOLD button.  The display will appear as follows, indicating that
the hold function is enabled.

CURRENT VOLTAGE POWER/PF

Figure 3–17  Hold Mode

• To disable, press and release HOLD button.

3.3.7.2 Average
• Mode in which the power analyzer displays the running average of amps, volts and watts.

• Used to stabilize mildly fluctuating readings or to determine watt-hours when used in
conjunction with a timer.

• To set, press SHIFT button and release, then press AVG.  The display will appear as follows,
indicating that the Average Function is enabled.

CURRENT VOLTAGE POWER/PF

Figure 3–18  Average Mode

• To disable, press SHIFT button and release, then press AVG.
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3.3.7.3 Peak Hold
• Clears peak hold/inrush reading.

• To enable, press SHIFT button and release, then press PEAK HOLD.  The display will flash
the following, then return to the main menu.

CURRENT VOLTAGE POWER/PF

Figure 3–19  Peak Hold Clear Display

3.3.7.4 Custom Display
• The display can be configured to present data in any format.

• To set, press SHIFT button and release, then press DISPLAY.  The display will appear as
follows.

CURRENT VOLTAGE POWER/PF

Figure 3–20  Custom Display

• There are 6 fields in the display that can be customized with information based on the phase
setup.  To set, from the USER MENU control buttons, toggle from field to field by using
the � and � buttons and make selections using the � and � buttons.  If there is not a
preferred value for a specific field, press ENTER when the field is selected and it will be
deleted from the display.
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4.  Operating Principles

4.1 ANALOG PROCESSING

4.1.1 VOLTS

The volts signal is brought in through a precision voltage divider of 2 M and 2.4 k resistors. The
gain is 0.0012. This signal is buffered  (GAIN = 1) and passed into a programmable gain section.
The gains for the voltage ranges are given below.

egnaR srotsiseR )reifilpmA(niaG

tlov03 026/k21 53.91-

tlov051 026/k4.2 178.3-

tlov003 026/k2.1 639.1-

tlov006 026/026 000.1-

The signal is then presented to an AD7722AS 16-bit analog to digital converter. The part accepts an
input signal of ± 1.25 volts centered on a 2.5 VDC volt bias. The chart below shows system input at
10% and 100% of range.

egnaR )CDV(nIstloV )latot(niaG tupnID/AtastloV stiB

tlov03 3 022320.0- 7960.0- 6281

tlov03 03 022320.0- 6696.0- 16281

tlov051 51 546400.0- 7960.0- 6281

tlov051 051 546400.0- 8696.0- 56281

tlov003 03 323200.0- 7960.0- 7281

tlov003 003 323200.0- 9696.0- 96281

tlov006 06 002100.0- 0270.0- 7881

tlov006 006 002100.0- 0027.0- 47881

:noituloseRretrevnoC 79641830000.0=63556/5.2=61^2/5.2
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4.1.2 AMPS

The amps signal is brought in through a precision shunt of 0.012 ohms. This signal is amplified by
2 and passed into a programmable gain section.  The gains for the voltage ranges are given below.

egnaR srotsiseR )reifilpmA(niaG

pma1 026/k21 53.91-

pma5 026/k4.2 178.3-

pma01 026/k2.1 639.1-

pma02 026/026 000.1-

The signal is then presented to an AD7722AS 16-bit analog to digital converter. The part accepts an
input signal of ± 1.25 volts centered on a 2.5 VDC volt bias.  The chart below shows system input
at 10% and 100% of range.

egnaR nIspmA
)CDA( stloVtnuhS egatStsriF

pmA niaG D/AtastloV
tupnI stiB

pma1 1.0 2100.0 4200.0- 00053.91- 4640.0 7121

pma1 0.1 0210.0 0420.0- 00053.91- 4464.0 47121

pma5 5.0 0600.0 0210.0- 00178.3- 5640.0 8121

pma5 0.5 0060.0 0021.0- 00178.3- 5464.0 77121

pma01 0.1 0210.0 0420.0- 00639.1- 5640.0 8121

pma01 0.01 0021.0 0042.0- 00639.1- 6464.0 08121

pma02 0.2 0420.0 0840.0- 00000.1- 0840.0 8521

pma02 0.02 0042.0 0084.0- 00000.1- 0084.0 38521

79641830000.0=63556/5.2=61^2/5.2:noituloseRretrevnoC

210.0=ecnatsisertnuhS
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4.1.3 EXTERNAL SHUNT

The external shunt signal is brought in through a precision voltage divider of 9.1 k and 9.1 k resistors.
The gain is 0.50. This signal is buffered and passed into a programmable gain section.  The gains for
the voltage ranges are given below.

egnaR srotsiseR )reifilpmA(niaG

Vm05 026/k21 053.91-

Vm052 026/k4.2 178.3-

Vm005 026/k2.1 639.1-

Vm0001 026/026 000.1-

The signal is then presented to an AD7722AS 16-bit analog to digital converter. The part accepts an
input signal of +/- 1.25 volts centered on a 2.5 VDC volt bias.  The chart below shows system input
at 10% and 100% of range.

egnaR )CDV(nIstloV )latot(niaG tupnID/AtastloV stiB

Vm05 500.0 00576.9- 4840.0- 8621

Vm05 050.0 00576.9- 8384.0- 18621

Vm052 520.0 05539.1- 4840.0- 8621

Vm052 052.0 05539.1- 9384.0- 48621

Vm005 050.0 00869.0- 4840.0- 9621

Vm005 005.0 00869.0- 0484.0- 88621

Vm0001 001.0 00005.0- 0050.0- 1131

Vm0001 000.1 00005.0- 0005.0- 70131

:noituloseRretrevnoC 79641830000.0=63556/5.2=61^2/5.2

4.2 DIGITAL PROCESSING

Starting at the AD7722AS analog to digital converter, the input clock to the device is 14.31818
MHz. This clock frequency gives a sample rate or data output rate of 14318180 / 64 = 223721.5625
samples per second.

The DSP processor uses fractional data representation for all Data ALU operations. Using long
words (48-bit) the most negative number that can be represented is -1 ($800000000000).  The most
positive number that can be represented is 1 – 2-47  ($7FFFFFFFFFFF).

Example:

$123456 (Hex integer)

0001 0010 0011 0100 0101 0110 (Binary)

0.142222166 (Fractional)
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4.2.1 AC DETAILS

4.2.1.1 Interrupt Driven

The power analyzer will automatically update its data every 4.469 microseconds by completing the
following sequence of events:

• The volts input is read and checked for an over range condition.  The offset is then added to
the reading and the reading is negated and saved.

• The amps input is read and checked for an over range condition.  The offset is then added to
the reading and the reading is negated and saved.

• The volt reading is checked to see if it is the peak and if so is stored.

• The amp reading is checked to see if it is the peak and if so is stored.

• The volt reading is squared and the squared reading is summed.

• The volt and amp reading is multiplied and the multiplied value is summed.

• The amp reading is squared and summed.

Note: After 256 readings are summed, the sums are transferred to a 56-
bit V² register, a 56-bit VI register, and a 56-bit I² register.  A sample
ready flag is set.
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4.2.1.2 Main Program

The main program reads that a sample is ready.

Divide the V² register by 256.
Store V² in a 24-bit register.  (See Section 4.2.3 – Round-Off Error).
The result is appended to a 32 word circular buffer.
Add buffer contents and divide by 32.
The result is appended to a 2cd 32 word circular buffer.

Divide the I² register by 256.
Store I² in a 24-bit register.
The result is appended to a 32 word circular buffer.
Add buffer contents and divide by 32.
The result is appended to a 2cd 32 word circular buffer.

Divide VI register by 256.
Store VI in a 24-bit register.
The result is appended to a 32 word circular buffer.
Add buffer contents and divide by 32.
The result is appended to a 2cd 32 word circular buffer.

Add 2cd V² buffer contents and divide by 32.  Save this value.
Add 2cd I² buffer contents and divide by 32.  Save this value.
Add 2cd VI buffer contents and divide by 32.  Save this value.

Each sample is now 256 X (32 + 32)  (16384) a/d samples.  At
223721.5625 samples per second that is 0.07323388 ms for a new
input to fully average.

The VI sample is applied to an RC filter algorithm.
The output of the filter is multiplied by a gain value.
This value is stored for output.

The V² sample is applied to an RC filter algorithm.
The square root of the output is taken.
The result is multiplied by a gain value.
This value is stored for output.

The I² sample is applied to an RC filter algorithm.
The square root of the output is taken.
The result is multiplied by a gain value.
This value is stored for output.

These values are updated at 873.912 readings per second.

Every 8th time through the loop or at a rate of 109.239 the V and I
peak values are stored for output and the data ready flag is set.
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4.2.2 DC DETAILS

4.2.2.1 Interrupt Driven

The power analyzer will automatically update its data every 4.469 microseconds by completing the
following sequence of events:

• The volts input is read and checked for an over range condition.  The offset is then added to
the reading and the reading is negated and saved.

• The amps input is read and checked for an over range condition.  The offset is then added to
the reading and the reading is negated and saved.

• The volt reading is checked to see if it is the peak and if so, is stored.

• The amp reading is checked to see if it is the peak and if so, is stored.

• The volt reading is summed.

• The amp reading is summed.

• The volt and amp reading is multiplied.

• The multiplied value is summed.

Note: After 256 readings are summed the sums are transferred to a 56-bit
V register, a 56-bit I register, and a 56-bit VI register. A sample
ready flag is set.
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4.2.2.2 Main Program

The main program reads that a sample is ready.

Divide the V register by 256.
Store V in a 24-bit register.
The result is appended to a 32 word circular buffer.
Add buffer contents and divide by 32.
The result is appended to a 2cd 32 word circular buffer.

Divide the I register by 256.
Store I in a 24-bit register.
The result is appended to a 32 word circular buffer.
Add buffer contents and divide by 32.
The result is appended to a 2cd 32 word circular buffer.

Divide the VI register by 256.
Store VI in a 24-bit register.
The result is appended to a 32 word circular buffer.
Add buffer contents and divide by 32.
The result is appended to a 2cd 32 word circular buffer.

Add 2cd V2 buffer contents and divide by 32. Save this value.
Add 2cd I2 buffer contents and divide by 32. Save this value.
Add 2cd VI buffer contents and divide by 32. Save this value.

Each sample is now 256 X (32 + 32)  (16384) a/d samples. At
223721.5625 samples per second that is 0.07323388 ms for a new
input too fully average.

The VI sample is applied to an RC filter algorithm.
The output of the filter is multiplied by a gain value.
This value is stored for output.

The V sample is applied to an RC filter algorithm.
The output of the filter is multiplied by a gain value.
This value is stored for output.

The I sample is applied to an RC filter algorithm.
The output of the filter is multiplied by a gain value.
This value is stored for output.

These values are updated at 873.912 readings per second.

Every 8th time through the loop or at a rate of 109.239 the V and I
peak values are stored for output and the data ready flag is set.
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4.2.3 ROUND-OFF ERROR

The interrupt routine adds 256 56-bit squared readings. This reading is then divided by 256 and put
into a 24-bit register. Some error occurs during the move to the 24-bit register. The result of the 16-
bit A/D conversion is put into the high 16 bits of a 24-bit register.

Example 1: A/D reading =  000B
56-bit register =  00 000B00 000000 (0.0003357)
Square of 56-bit =  00 000000 F20000 (0.00000012269)
Store to 24-bit =  000000 (0.0000000)

Example 2: A/D reading =  000C
56-bit register =  00 000C00 000000 (0.0003662)
Square of 56-bit=  00 000001  200000 (0.00000013411)
Store to 24-bit =  000001

4.3 MEASUREMENT MODES

4.3.1 PEAK

The peak value is defined as the highest value that occurs in the cycle of a repetitive waveform.

The graph below shows one cycle of a repetitive waveform. The peak value is shown. The absolute
value of the reading is used to determine the peak value.

VOLTS vs. ANGLE
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-50

0

50

100
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200

250

0 50 100 150 200 250 300 350

volts

Peak

Figure 4-1  Peak Example
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4.3.2 PEAK HOLD / INRUSH CURRENT

Peak hold/inrush current allows the 6510e to store the highest value read in a designated period of
time, the designated period of time being the time span since the last peak hold clear occurred.
Values include amps, watts and volts in any preferred combination.  See Section 3.3.7.3 – Peak
Hold.

The graph below shows the current draw from a 1/3 horsepower motor during initial startup.  At
startup the current inrush peaks at about 14 amps then settles to 4.25 amps.  When the unit is in peak
hold/ inrush mode of operation, the front panel current reading displays 14.033 amps.  The current
reading indicates the peak inrush current, which is determined by the RMS value.

The operation of the volts and watts peak hold follows the same operation as explained for the
current above.

Figure 4–2  Peak Hold/Inrush Current Example

4.3.3 DC

See Section 4.2.2 – DC Details.
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4.3.4 RMS

See Section 4.2.1 – AC Details

4.3.5 CREST FACTOR

The crest factor measurement is determined by dividing the peak measurement by the RMS
measurement.  See the following graph for reference.

-1.5

-1

-0.5

0

0.5

1

1.5

0 50 100 150 200 250 300 350

volts
volts²
VRMS

Peak 1Volt 

RMS 0.707 Volts

CF = Peak / RMS

CF = 1/0.707 = 1.41

Figure 4–3  Crest Factor Example

4.4 MEASUREMENT METHODS

4.4.1 CYCLE-BY-CYCLE MODE

In the cycle-by-cycle mode the power analyzer looks at each complete cycle of the incoming waveform.
The measurements are valid from 20 Hz to 500 Hz.  The power analyzer may be synchronized from
any of the phase volts or amps inputs, the line voltage or the back panel external sync input.   If
using volts or amps for synchronization, the input must be greater than 10% of the range setting.

4.4.2 CONTINUOUS MODE

In the continuous mode the measurement values are determined from continuously processed and
filtered volts and amps input values.  The measurements are valid from DC to 100 kHz and the
output data rate from the process is about 109.24 samples per second.  The power analyzer does not
have to be synchronized to the measured waveform and the user may select the filter to be used in
the mean process of the RMS value.
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5.  Computer Controlled Operation

Using the 6510e with a personal computer (PC) enables the unit to perform at its full capacity.

5.1 ABOUT THE GPIB INTERFACE

Magtrol prefers the GPIB (General Purpose Interface Bus)/IEEE-488 Standard for computer-to-
instrument interfacing because:

• The GPIB parallel interface is faster than serial interfaces.

• The GPIB enables testers to access up to 15 instruments on one port.  Because typical motor
testing requires that at least five separate parameters be synchronized, a system of easy, fast
access to more than one instrument is essential.

• The GPIB has rigid data formatting and hardware standards.  These standards help to ensure
that all functions will work properly when the hardware and software are installed.

Note: The GPIB interface is not standard on most personal computers.
An interface card and driver software must be installed.  An IEEE-
488 cable must also be installed between the computer and the
6510e.  Magtrol recommends National Instruments Corporation
hardware and software.

5.1.1 INSTALLING THE GPIB/IEEE-488 CONNECTOR CABLE

CAUTION: MAKE SURE BOTH THE COMPUTER AND 6510e ARE TURNED OFF BEFORE

INSTALLING THE GPIB CONNECTOR CABLE.

1. Connect one end of a high-quality, double-shielded cable to the 6510e GPIB connector.

2. Connect the other end to the GPIB interface in your PC.

PC

Magtrol
Test and

Measurement
Software

A
N
A
L
O
G

O
U
T
P
U
T

±

V

±

VA

± EXT.
SYNC.

EARTH
GROUND

20VA 50/60Hz 

FUSE (5x20mm)

CAUTION: DOUBLE POLE FUSING

120V UL/CSA 250mA 250V SB
240V IEC 160mA 250V T

RS-232C
GPIB/IEEE-488

MAGTROL INC.

20 A

AMPS

750 V

VOLTS

MAX.

EXT.

MAX.
1000 V

MAX.

MAX.
 ±10 V
SENSOR

Figure 5–1  GPIB Installation

5.1.2 CHANGING THE GPIB PRIMARY ADDRESS

Each instrument serviced by the GPIB has its own primary address code, which enables the computer
to obtain readings from the instrument.  The factory default of the GPIB address on the 6510e is 14.
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Some PC interfaces can access from one to fifteen 4-bit primary addresses.  Other interfaces can
access as many as thirty-one 5-bit primary addresses.  The 6510e uses the 4-bit format.  For setup,
complete the following instructions utilizing the USER MENU control buttons.

1. Press ENTER.

2. Use the � and � buttons until I/O is reached.

3. Press ENTER.

4. Use the � and � buttons until GPIB ADDRESS is reached.  The display should appear as
follows:

CURRENT VOLTAGE POWER/PF

Figure 5–2  GPIB Address Setup Menu

5. Use the � and � buttons until desired primary address is reached (range 0-15).

6. Press ENTER to return to main menu.

5.2 ABOUT THE RS-232 INTERFACE

The 6510e is equipped with an RS-232 (serial) interface that communicates with the host computer
through a DB-9 interface connector.  The connector pin-out consists of 2-RX, 3-TX and 5-GND.

 5. GND

 1.  6. 

 9. 
 3. TX  8. 
 2. RX

 4. 

 7. 

14 3 25

69 8 7

Figure 5–3  RS-232 Interface

5.2.1 CONNECTION

The RS-232 requires null modem wiring.  To install use a null modem connector cable, which can
be purchased from your local electronics store.

DIGITAL GROUND

 4. 

 2.
 3.

 6. 

 1. 

 5.

 7. 
 8. 
 9.

6510e PC

 5.  GND (SIGNAL GROUND)

 1.  DCD (DATA CARRIER DETECT)

 6.  DSR (DATA SET READY)

 3.  TX (TRANSMIT DATA)
 2.  RX (RECEIVE DATA)

 4.  DTR (DATA TERMINAL READY)

 9.  RI (RING INDICATOR)
 8.  CTS (CLEAR TO SEND)
 7.  RTS (REQUEST TO SEND)

RX
TX

GND

Figure 5–4  Cable Connection Using Null Modem
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5.2.2 COMMUNICATION PARAMETERS

• No parity

• 8 data bits

• 1 stop bit

5.2.3 BAUD RATE

There are several different baud rates to choose from including 300, 600, 1200, 2400, 4800, 9600,
19200 and 115200.  To set up the desired baud rate, complete the following instructions utilizing the
USER MENU control buttons.

1. Press ENTER.

2. Use the � and � buttons until I/O is reached.

3. Press ENTER.

4. Use the � and � buttons until RS-232 BAUDRATE is reached.  The display should appear
as follows:

CURRENT VOLTAGE POWER/PF

Figure 5–5  RS-232 Baud Rate Setup Menu

5. Use the � and � buttons until desired baud rate is reached.

6. Press ENTER to return to main menu.

5.3 CHECKING THE 6510e-TO-PC CONNECTION

Note: Make sure that the 6510e and its host computer are communicating
before acquiring data.

1. Make sure the primary GPIB address is set correctly for the 6510e.

2. Set the input variable to 15 characters (13 variable characters and the two required data
termination characters CR and LF.  See Section 5.5 – Programming.)

3. Issue output data command "*IDN?" and read 15 characters according to the instructions
for your GPIB interface or serial.

Desired Results

• output_string = "6510e R x.xx"<delimiter>

Note: If the desired results did not occur, please see Chapter 8 –
Troubleshooting.
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5.4 DATA FORMAT

• All measurement values are returned as an ASCII-string floating point in E notation.

• The same data format will be used for both IEEE-488 and RS-232 interface.  See Section
5.6 –  6510e Communication Commands.

• Data is separated by commas.

retcarahC noitinifeD

s\ ecaps

r\ nruteregairrac

n\ deefenil

^

eulavtupnikaepgnitacidninoitisopretcarahcdenrutertsrifehtnidetacoL
.egnaresaercniotsdeenresu,egnarevobasi

:ETON eht,noitisopretcarahcdenrutertsrifehtnidetacolsiecapsafI
.edamebotdeensegnahcondnaegnarnihtiwsilangistupni

Sections 5.4.1 through 5.4.3 contain return data format examples for the following:

• Output Total (OT) • Output Volts (OV)

• Output Element (OE) • Output Watts (OW)

• Output Amps (OA) • Output Frequency (OF)

5.4.1 OT EXAMPLE

Total  = 183 characters

Output String: (1-182) = measurement value float E notation (ANSI)

Data Position: A1, V1, W1, A2, V2, W2, A3, V3, W3, ΣA, ΣV, ΣW, Frequency

5.4.1.1 Good Response

\s\s1.86707E-01,\s\s1.19568E+02,\s\s1.32201E+01,\s-0000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000,\s\s5.99982E+01\r\n

5.4.1.2 Over-Range Condition

\s\s1.85048E-01,^\s4.94537E+01,^\s4.20193E+00,000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000,\s\s5.99860E+01\r\n
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5.4.2 OE EXAMPLE

Total = 43 characters

Output String: (1-42) = measurement value float E notation (ANSI)

Data Position: Ax, Vx, Wx (where x = requested phase)

5.4.2.1 Good Response

\s\s1.83352E-01,\s\s1.19342E+02,\s\s1.29812E+01\r\n

5.4.2.2 Over-Range Condition

\s\s1.84250E-01,^\s4.95238E+01,^\s4.26064E+00\r\n

5.4.3 OA/OV/OW/OF EXAMPLE

Total = 15 characters

Output String: (1-14) = measurement value float E notation (ANSI)

5.4.3.1 Good Response

\s\s1.19494E+02\r\n

5.4.3.2 Over-Range Condition

^\s4.94796E+01\r\n

5.5 PROGRAMMING

Note: Check the manual provided with your software for full instructions.

5.5.1 DATA TERMINATION CHARACTERS

Use the following information to answer the formatting questions asked when installing your GPIB
software.  All GPIB data acquisition systems require the use of data termination characters.  The
6510e uses the GPIB standard termination characters Carriage Return (CR) and Line Feed (LF).
Provide them in that order.

5.5.1.2 Codes for CR-LF

CISAB XEH CED

=RC )31($RHC DO 31

=FL )01($RHC AO 01
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5.6 6510e COMMUNICATION COMMANDS

IEEE-488 Address: 0-15

Terminator: carriage return followed by a line feed

RS-232 Baud Rate: 300, 600, 1200, 2400, 4800, 9600, 19.2 k, 115.2 k

Terminator: carriage return followed by a line feed

When entering a command code:

1. Type all characters in uppercase ASCII format.

2. End all commands with a carriage return followed by a line feed.

3. Do not string multiple commands together in one line.

Note: If a command is not recognized, the I/O ERROR message will
appear in the Status Display accompanied by a beep.

5.6.1 CONFIGURATION COMMANDS

edoCdnammoC noitcnuF noitanalpxE

>rotanimret<?NDI* .yreuqnoitacifitnedI .noisiveredocdnarebmunledomsnruteR

>rotanimret<2m,1AA
egnarlaunamrootuasteS
.segnarspmaehtrofedom

otuasiedomegnarrehtehwsetacidni"2m"
:era2mrofseulaV.launamro

egnarlaunam=0
egnarotua=1

>rotanimret<2m,1VA
egnarlaunamrootuasteS

egatlovehtrofedom
.segnar

otuasiedomegnarrehtehwsetacidni"2m"
:era2mrofseulaV.launamro

egnarlaunam=0
egnarotua=1

>rotanimret<mSF ecruosycneuqerfehtsteS
.edomelcyc-yb-elcycrof

ehtsadesuebottupniehtsetacidni"m"
:eramrofseulaV.ecruoslatnemadnuf

1V=0
1A=1

)tupnilanretxe(TXE=6
)zH06/05(ENIL=7

SI .edomegarevastratS ---

CI .edomegarevasraelC ---

>rotanimret<2m,1AM
CDroSMRehtsteS

foedomtnemerusaem
.spma

.edomtnemerusaemsetacidni"2m"
:era2mrofseulaV

=0 )CD+CA(SMR
CD=1

>rotanimret<2m,1VM
CDroSMRehtsteS

foedomtnemerusaem
.egatlov

.edomtnemerusaemsetacidni"2m"
:era2mrofseulaV

)CD+CA(SMR=0
CD=1

>rotanimret<mCM
rosuounitnocehtsteS

edomtnemerusaemcilcyc
.retlif

tnemerusaemehtrehtehwsetacidni"m"
.cilcycrosuounitnocsiedom

:eramrofseulaV
suounitnoc=0

elcyc-yb-elcyc=1
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edoCdnammoC noitcnuF noitanalpxE

>rotanimret<mFM CDdnaCAehtsteS
.retlifedomtnemerusaem

-wolretliftnemerusaemehtsetacidni"m"
.)emitesnopser(ycneuqerfssap

:eramrofseulaV
zH1=0
zH2=1
zH5=2

zH01=3
zH02=4
zH04=5

zH001=6

>rotanimret<CP seulavdlohkaepllasraelC
.)ttawdnapma,tlov( ---

>rotanimret<2m,1AR dnaegnartnerrucsteS
.ecruostupni

.egnartnerrucsetacidni"2m"
:era2mrofseulaV

A02=0
A01=1

A5=2
A1=3

rosneslanretxeV1=4
egnartupni

rosneslanretxeVm005=5
egnartupni

m052=6 osneslanretxeV r
gnartupni e

m05=7 rosneslanretxeV
egnartupni

>rotanimret<2m,1VR .egnaregatlovsteS

.egnaregatlovsetacidni"2m"
:era2mrofseulaV

V006=0
V003=1
V051=2

V03=3

>rotanimret<2m,1AS
gnilacsspmaehtsteS

tnerruc(tnatsnoc
.)remrofsnart

nitnatsnocgnilacsspmaehtsetacidni"2m"
gniwollofehtnihtiwtesebtsumdnaA/A

,0=2mnehW.00001<2m<10.0:egnar
.deraelceblliwedomgnilacsspmaeht

>rotanimret<2m,1VS
gnilacsegatlovehtsteS

laitnetop(tnatsnoc
.)remrofsnart

tnatsnocgnilacsegatlovehtsetacidni"2m"
gniwollofehtnihtiwtesebtsumdnaV/Vni

,0=2mnehW.00001<2m<10.0:egnar
.deraelceblliwedomgnilacsegatloveht

>rotanimret<2m,1ES tnerruclanretxeehtsteS
.tnatsnocgnilacsrosnes

rosnestnerruclanretxeehtsetacidni"2m"
tesebtsumdnaVm/Anitnatsnocgnilacs

:egnargniwollofehtnihtiw
.99999<2m<1000.0

:ETON tupniegatlovrosneslanretxE
evigoteulavsihtybdedivideraseulav
tupnirosneslanretxenispmanituptuo

segnartnerruc .
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edoCdnammoC noitcnuF noitanalpxE

>rotanimret<2m,1AO pmastseuqeR
.eulavtnemerusaem

.eulavtnemerusaemehtsetacidni"2m"
:era2mrofseulaV

CD/SMR(lamron=0
tnemerusaemnognidneped

)gnittesedom
)suoenatnatsni(kaep=1

rotcaftserc=2
=3 )CD/SMR(hsurni/dlohkaep

>rotanimret<2m,1VO tlovstseuqeR
.eulavtnemerusaem

.eulavtnemerusaemehtsetacidni"2m"
:era2mrofseulaV

CD/SMR(lamron=0
tnemerusaemnognidneped

)gnittesedom
)suoenatnatsni(kaep=1

rotcaftserc=2
=3 )CD/SMR(hsurni/dlohkaep

>rotanimret<2m,1WO ttawstseuqeR
.tnemerusaem

.eulavtnemerusaemehtsetacidni"2m"
:era2mrofseulaV

sttaw=0
AV=1

rotcafrewop=2
dlohkaepsttaw=3

>rotanimret<FO fotuptuostseuqeR
.ycneuqerf ---

>rotanimret<1EO
esahpstseuqeR

seulavtnemerusaem
.)sttaw,stlov,spma(

---

EVAO

seulavdeyalpsidseveirteR
dnaegatlov,tnerrucfo

ehtniatadsnruteR.rewop
EOehtsatamrofemas

.dnammoc

---

>rotanimret<TO tnemerusaemllastseuqeR
.seulav ---

5.6.2 DATA OUTPUT COMMANDS
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6.  Calibration

6.1 CLOSED-BOX CALIBRATION

The 6510e features closed-box calibration.  The advantage of closed-box calibration is that the user
does not have to disassemble the case or make mechanical adjustments.

6.2 CALIBRATION SCHEDULE

Calibrate the 6510e:

• After any repairs are performed.

• At least once a year; more frequently to ensure required accuracy.

6.3 CALIBRATION COMMANDS

edoCdnammoC noitcnuF noitanalpxE

>rotanimret<2m,1AC
spmasetarbilaC

foeulavtnemerusaem
.egnartupnitneserp

eulavtupnidetarbilacehtsetacidni"2m"
.tupniehtotdeilppa

semussatinueht,0otlauqesi2mnehW
orezdnadetseuqersinoitarbilacorez

.tupninoeraspma
tinueht,0nahtretaergsi2mnehW

dnadetseuqersinoitarbilacniagsemussa
.tupninoeraspma2m

>rotanimret<2m,1VC
stlovsetarbilaC

foeulavtnemerusaem
.egnartupnitneserp

eulavtupnidetarbilacehtsetacidni"2m"
.tupniehtotdeilppa

semussatinueht,0otlauqesi2mnehW
stlovorezdnadetseuqersinoitarbilacorez

.tupninoera
tinueht,0nahtretaergsi2mnehW

dnadetseuqersinoitarbilacniagsemussa
.tupninoerastlov2m

>rotanimret<SC otseulavnoitarbilacsevaS
.MORPEE ---

>rotanimret<RC
noitarbilacllaserotseR

MORPEEmorfseulav
.)ylnognitsetrofdesu(

---
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6.4 BASIC CALIBRATION PROCESS

A
N
A
L
O
G

O
U
T
P
U
T

±

V A

± EXT.
SYNC.

EARTH
GROUND

20VA 50/60Hz 

FUSE (5x20mm)

CAUTION: DOUBLE POLE FUSING

120V UL/CSA 250mA 250V SB
240V IEC 160mA 250V T

RS-232C
GPIB/IEEE-488

MAGTROL INC.

20 A

AMPS

750 V

VOLTS

MAX.

EXT.

MAX.
1000 V

MAX.

MAX.
 ±10 V
SENSOR

EARTH

HIGH
CURRENT LOW

IN
LOCK

PHASE

OUTPUT
PHASE
VARIABLE

LOWVOLTS, HIGHVOLTS

EQUIVALENT
FLUKE 5700A OR

VOLTAGE CALIBRATOR

EQUIVALENT
FLUKE 5100A OR
FLUKE 5700A OR

VOLTAGE CALIBRATOR

EQUIVALENT
GUILDLINE 7620A, OR
FLUKE 5725A, 5205A

TRANSCONDUCTANCE AMP.
OPTIONAL-FOR AMPS >2

Figure 6–1  Calibration/Verification Test Setup

The 6510e must be used with a personal computer to complete the calibration process.

1. Begin the process with the 6510e turned OFF.

2. Remove any external input connections.

3. Connect the amps and volts.

4. Turn the power ON while holding the SHIFT button.  See Section 3.1 – Powering Up the
6510e.  Before the display panel shows the segments of the VFD (series of rectangles), the
following display will appear indicating that the instrument has been placed in the calibration
mode.

CURRENT VOLTAGE POWER/PF

Figure 6–2  Calibration Mode Enabled
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5. Set volt and amp range by entering the following command codes.

VOLTS => RV1,m2 where m2 = 0 to 3

AMPS => RA1,m2 where m2 = 0 to 3

6. Set calibrator to 0 volts (DC) and 0 amps (DC).

Note: DC is used for zero.

7. Enter the following commands.

VOLTS => CV1,0

AMPS => CA1,0

8. Set calibrator to full scale range for volts (AC) and amps (AC).

Note: AC 80 Hz is used for gain.

9. Enter the following commands.

VOLTS => CV1,xx.xx

AMPS => CA1,xx.xx
Where xx.xx is the voltage/current on the inputs (full scale).

10. Repeat steps 5 through 9 for all ranges.

11. Remove amp and voltage inputs.

12. Attach external input to calibrator voltage.

13. Set amp range by entering the following command code.

AMPS => RA1,m2 where m2 = 4 to 7

14. Set calibrator to 0 volts (DC).

Note: DC is used for zero.

15. Enter the following command.

AMPS => CA1,0

16. Set calibrator to volts full scale range (AC).

Note: AC 80 Hz is used for gain.

17. Enter the following command.
AMPS => CA1,xx.xx

Where xx.xx is the voltage on the inputs (full scale).

18. Repeat steps 13 through 17 for all ranges.

19. When the calibration for all ranges is complete, enter the CS command to save.
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7.  Optional Features

7.1 ANALOG OUTPUTS

An option to the 6510e is an analog output plug-in module that provides 12 channels of analog
output corresponding to volts, amps and watts.  Each output is capable of, and calibrated to, ± 10
volts.  The user may apply a scale factor to all outputs by selecting "Analog Outputs" in the USER
MENU.  See Section 7.1.4 – Software Configuration.   Amps scaling is applied to all amp channels,
volts scaling is applied to all volt channels and watts scaling is applied to all watt channels.

7.1.1 SPECIFICATIONS

Full scale output range: ±10 V max.

Number of channels: 12

Output update rate (all channels) = 200 samples/sec (5 ms)

User selectable analog output scaling values are set from the front panel.  Amp, volt and watt
scaling values correspond to units per analog output volts.

(units/output volt)  ×  displayed measurement value  =  output volts

Examples:
• +15.000 V1 with volts scaling set to 10  V/V  =  +1.500 V

• -100.00 V1 with volts scaling set to 100 V/V  =  -1.000 V

• +5.000 A1 with amps scaling set to 1 A/V  =  +5.000 V

• +123.0 W1 with watt scaling set to 100 W/V  =  +1.230 V

7.1.2 CHANNEL ASSIGNMENTS

Pin 1

Pin 13

Pin 14

Pin 25

Figure 7–1  Analog Output

lennahC tupnI rebmuNniP

1 spma,1esahp 41,1

2 stlov,1esahp 51,2

3 sttaw,1esahp 61,3
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7.1.3 HARDWARE CONNECTION

WARNING: IN PERFORMING THE FOLLOWING PROCEDURE, IT IS
ASSUMED THAT PROPER ESD PROTECTION
PROCEDURES WILL BE IMPLEMENTED. THE
CIRCUITRY INVOLVED IS VERY STATIC SENSITIVE.

If the analog output board is purchased separately, the board will need to be installed in the 6510e
with no other setup required.  Installation instructions are as follows.

1. Turn the power OFF.

2. Disconnect the line cord.

3. Open the top cover of the unit by unscrewing the top four screws.

Note: Care should be taken when removing the top cover because there
is a ground strap attached to it.

4. Disconnect the ground strap from the cover and lay the cover aside.

5. Locate the connector J3 / AUX2.

6. On the back of the 6510e is a cover plate associated with that connector.  Remove the cover
plate by removing the two screws.

7. Slip the analog output board through the back of the unit and plug it into J3 / AUX2.

8. Using the screws removed from the cover plate, screw the analog output card into position.

9. Replace the top cover by reconnecting the ground strap and replacing the four screws.

10. Finally, plug the line cord in to the back of the unit.  When the power is turned on, the 6510e
will recognize the card is in place and start sending data to it.

7.1.4 SOFTWARE CONFIGURATION

To configure the 6510e analog output, complete the following steps utilizing the USER MENU
located on the front panel of the unit.

1. Turn on the 6510e.  See Section 3.1 – Powering Up the 6510e.

2. Press ENTER button.  The display should appear as shown in Figure 2–3  Device Setup
Menu.

3. Press � and � buttons until ANALOG OUTPUT appears in the display.

4. Press ENTER button.  The display will appear as follows.

CURRENT VOLTAGE POWER/PF

Figure 7–2  Analog Output Setup Menu
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5. To set amps value, press the RMS button under AMPS and use the � � � � buttons in the
USER MENU to adjust the value.

6. To set volts value, press the RMS button under VOLTS and use the � � � � buttons in
the USER MENU to adjust the value.

7. To set watts value, press the AVG button under WATTS and use the � � � � buttons in
the USER MENU to adjust the value.

8. Press ENTER to exit the Device Setup Menu.

7.1.5 CALIBRATION

7.1.5.1 Closed-Box Calibration

The 6510e features closed-box calibration for the analog output.  The advantage of closed-box
calibration is that the user does not have to disassemble the case or make mechanical adjustments.

7.1.5.2 Calibration Schedule

Calibrate the 6510e analog output board:

• After any repairs are performed.

• At least once a year; more frequently to ensure required accuracy.

7.1.5.3 Calibration Commands

The following commands are accessible when the instrument is placed in calibration mode by
holding the SHIFT key while the power is turned on.  "CALIBRATION MODE ENABLED" will
appear on the display.

Note: If the unit has not been placed in calibration mode, all calibration
commands will return "CAL DISABLED" response.

Response to all analog output calibration commands:

Default: output_string = <NULL_STRING (0x00) ><terminator>
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edoCdnammoC noitcnuF noitanalpxE

>rotanimret<mMC
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A/Dtuptuogolana
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.NO/FFOedomnoitarbilacsetacidni"m"
:eramrofseulaV

FFOedomnoitarbilacA/D=0
)edomtuptuolamron(

slennahctuptuoA/DllateS=1
.elacSlluFevitisoPot

)lanimonV01+(
slennahctuptuoA/DllateS=2

.elacSlluFevitageNot
)lanimonV01-(

>rotanimret<2m,1mGC tuptuoA/DsetarbilaC
.niaglennahc

.)3-1(lennahcA/Dsetacidni"1m"
lennahcA/Dderusaemehtsetacidni"2m"

llufevitagenroevitisop(egatlovtuptuo
.)edomnoitarbilacnognidnepedelacs

>rotanimret<XC
golanaA/DllasevaS

otseulavnoitarbilactuptuo
.MORPEE

---

7.1.5.4 Basic Calibration Process
1. Turn on the unit with SHIFT button pressed.

2. Send CM1 command.  This sets all DAC outputs to 10 volts nominal.

3. Using a volt meter, measure the voltage on the channel.

4. Send the appropriate CG command.  See Section 7.1.5.3 – Calibration Commands.
5. Repeat steps 3 and 4 until all 3 channels are complete.

6. Send CM2 command.  This sets all DAC outputs to -10 volts nominal.

7. Using a volt meter, measure the voltage on the channel.

8. Send the appropriate CG command.  See Section 7.1.5.3 – Calibration Commands.

9. Repeat steps 7 and 8 until all 3 channels are complete.

10. Send CX command to save calibration values.
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8.  Troubleshooting

melborP nosaeR noituloS

.RORREO/IsetacidniyalpsiD
ehthctamtonseoddnammoC

fotesdemmargorps'tinu
.snoitcurtsni

dnadnammoctcerrocesU
.tamrof

.noitacinummocBIPGoN erawdrahro/dnarorreputeS
.tluaf

:kcehC
rewopfosserddaBIPG•

.rezylana
ebdluohs-elbacBIPG•

otdehcattadnagninoitcnuf
retupmocdnarezylanarewop

.dracecafretni

.noitacinummoc232-SRoN erawdrahro/dnarorreputeS
.tluaf

:kcehC
.rezylanarewopfoetarduaB•

.elbaclairesfotuoniP•
rewopottnemhcattaelbaC•

ecafretnilairesdnarezylana
.retupmocfotrop

If you require additional assistance, please contact Magtrol Customer Service at 1-716-668-5555.
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Appendix A:  Schematics

A.1 MAIN BOARD - DSP, RAM, FLASH
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A.7 ANALOG OUTPUT
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Glossary

Following is a list of abbreviations and terms used in this manual.  For a list of symbols and abbreviations used on
the 6510e display, refer to Section 2.3.2 – Display Guide.

Active Power ............... The sum of the instantaneous volts input multiplied by the instantaneous amps input = true
power = watts.

Apparent Power ......... The product of volts root mean square and amps root mean square.

DSP .............................. Digital Signal Processing

EXT. SYNC. ............... External Synchronization.  Using an external source to synchronize the measurements in
cycle-by-cycle mode.

GPIB ........................... General Purpose Interface Bus.  IEEE-488 Instrument Bus Standard.

IEEE ............................ Institute of Electrical and Electronics Engineers. Organization best known for developing
standards for the computer and electronics industry.

Inrush (↑) ................... The initial current that is drawn when an electronic device is turned on.  The inrush current
can be substantially higher in magnitude than when the circuit is at its steady state.

MOV ............................ Metal Oxide Varistor – transient suppressor,  needed when inductive loads are used.

PA ................................ Power Analyzer

PC ................................ Personal Computer

PF ................................ Power Factor = COSØ = True Power/(Vrms x Irms)

RMS ............................ Root Mean Square

RS-232 ......................... Recommended Standard-232C, a standard interface approved by the Electronic Industries
Association (EIA) for connecting serial devices.

True Power ................. The sum of the instantaneous volts input multiplied by the instantaneous amps input =
active power = watts.

VA ................................ Volt Amperes

W ................................. Watts = Vrms x Irms x COSØ = True Power = Active Power, where Ø is the phase angle
between V and I.
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A
Abbreviations Used  9
Active Power  63
Amp Scaling  21
Amp Scaling Setup Menu  21
Amps. See Current. See also Current
Amps Gain  28
Amps Input  10
Amps Signal  28
Analog Output  11

Hardware Connection  49
Setup Menu  49
Software Configuration  49

Analog Outputs  48–51
Analog Processing  27
Apparent Power  63
Average Mode  25

B
Baud Rate  39
Buttons  5, 6

C
Calibration  50

Commands  45, 50
Mode  46
Process  46–47, 51
Schedule  45, 50
Setup  46

Channel Assignments  48
Circuit Breakers  16
Closed-Box Calibration  45, 50
Commands

Calibration  45, 50
Configuration  42
Data Output  44

Communication Commands  42
Communication Parameters  39
Configuration Commands  42
Connection

6530-to-PC  39
Analog Output Board  49
RS-232  38

Continuous Mode  36
Contrast Settings  8
Controls  5, 6
Crest Factor  36
Current. See also Amps
Current Overload  15
Current/Potential Transformer Connection  21

Custom Display  26
Custom Main Menu  14
Cycle-by-Cycle Mode  24, 36

D
Data Format  40
Data Output Commands  44
Data Sheet  2
Data Termination Characters  41
Digital Processing  29–34
DSP. See Digital Processing

E
Ext. Sync.  11, 63
External Sensor  10, 19
External Sensor Scale Factor Setup Menu  20
External Shunt  29

F
Features  1
Front Panel  5
Functions. See also Controls and Buttons

G
Gain

Amps  28
Volts  27

GPIB
Installation  37
Primary Address  37

GPIB Interface  37
GPIB/IEEE-488  11

H
Hold Mode  25

I
IEEE-488. See GPIB/IEEE-488
Input Module  10
Inputs  10. See also Outputs

Amps Input  10
Ext. Sync.  11
External Sensor  10
Voltage Input  10

Inrush  63
Inrush Current  35
Integral. See PID
Interrupt Driven

AC  30
DC  32
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L
Line Voltage  13

M
Main Menu  14
Main Program

AC  31
DC  33

Measurement Filter  18
Measurement Methods  36
Measurement Modes  34–36
Menus

Amp Scaling Setup Menu  21
Analog Output Setup Menu  49
Custom Main Menu  14
External Sensor Scale Factor Setup Menu  20
Main Menu  14
Phase Main Menu  14
Volt Scaling Setup Menu  23

Metal Oxide Varistor  15, 63
MOV. See Metal Oxide Varistor

O
Output Amps  41
Output Element  41
Output Frequency  41
Output Total  40
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Output Watts  41
Outputs  10. See also Inputs

Analog Output  11

P
Peak  34
Peak Hold  26, 35
Phase Main Menu  14
Phase Setup  24
Primary Address  37
Programming  41

R
Rear Panel  10
Remote Voltage Sense  16
RMS  36, 63
Round-Off Error  34
RS-232

Connection  38
RS-232 Interface  38
RS-232C  11

S
Scaling Activated  22
Secondary Functions  6
Self-Test  13

Sensor Substitution  19
Setup  17–26
Signal

Amps  28
Volts  27

Surge Protection  15
Symbols Used  9

T
Testing Instrumentation Setup  17–26
Transient Overloads  15
Transient Voltage Suppression  16
Troubleshooting  52

U
Unpacking  1

V
Vacuum Fluorescent Display  8
VFD. See Vacuum Fluorescent Display
Volt Scaling Setup Menu  23
Voltage Gain  27
Voltage Input  10
Voltage Signal  27
Volts Scaling  23

W
Wiring Modes  17–26



Magtrol, Inc. warrants its products to be free from defects in material and workmanship under normal use and
service for a period of   24  months from the date of shipment.  Software is warranted to operate in accordance with
its programmed instructions on appropriate Magtrol instruments.  This warranty extends only to the original purchaser
and shall not apply to fuses, computer media, or any other product which, in Magtrol’s sole opinion, has been
subject to misuse, alteration, abuse or abnormal conditions of operation or shipping.

Magtrol’s obligation under this warranty is limited to repair or replacement of a product which is returned to the
factory within the warranty period and is determined, upon examination by Magtrol, to be defective.  If Magtrol
determines that the defect or malfunction has been caused by misuse, alteration, abuse or abnormal conditions of
operation or shipping, Magtrol will repair the product and bill the purchaser for the reasonable cost of repair.  If the
product is not covered by this warranty, Magtrol will, if requested by purchaser, submit an estimate of the repair
costs before work is started.

To obtain repair service under this warranty, purchaser must forward the product (transportation prepaid) and a
description of the malfunction to the factory.  The instrument shall be repaired at the factory and returned to
purchaser, transportation prepaid.  MAGTROL ASSUMES NO RISK FOR IN-TRANSIT DAMAGE.

THE FOREGOING WARRANTY IS PURCHASER’S SOLE AND EXCLUSIVE REMEDY AND IS IN LIEU OF
ALL OTHER WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTY OF MERCHANTABILITY, OR FITNESS FOR ANY PARTICULAR PURPOSE OR USE.
MAGTROL SHALL NOT BE LIABLE FOR ANY SPECIAL, INDIRECT, INCIDENTAL, OR CONSEQUENTIAL
DAMAGES OR LOSS WHETHER IN CONTRACT, TORT, OR OTHERWISE.

CLAIMS

Immediately upon arrival, purchaser shall check the packing container against the enclosed packing list and shall,
within thirty (30) days of arrival, give Magtrol notice of shortages or any nonconformity with the terms of the order.
If purchaser fails to give notice, the delivery shall be deemed to conform with the terms of the order.

The purchaser assumes all risk of loss or damage to products upon delivery by Magtrol to the carrier.  If a product
is damaged in transit, PURCHASER MUST FILE ALL CLAIMS FOR DAMAGE WITH THE CARRIER to obtain
compensation.  Upon request by purchaser, Magtrol will submit an estimate of the cost to repair shipment damage.

Magtrol Limited Warranty

66



www.magtrol.comTesting, Measurement and Control of Torque-Speed-Power • Load-Force-Weight • Tension • Displacement

MAGTROL INC
70 Gardenville Parkway
Buffalo, New York 14224 USA
Phone: +1 716 668 5555
Fax: +1 716 668 8705
E-mail: magtrol@magtrol.com

MAGTROL SA
Route de Moncor 4B
1701 Fribourg, Switzerland
Phone: +41 (0)26 407 3000
Fax: +41 (0)26 407 3001
E-mail: magtrol@magtrol.ch

Subsidiaries in:
• Germany
• France
• Great Britain
• China
Worldwide Network

of Sales Agents ISO 9001

C
E

R

T IFIC ATI O
N

SWISS

Magtrol SA ISO 9001:2000 certified

http://www.magtrol.com
mailto:magtrol@magtrol.com
mailto:magtrol@magtrol.ch

	Safety Precautions 
	Revisions To This Manual 
	Revision Date 
	Table of Revisions 
	Table of Contents 
	Table of Figures 
	Preface 
	Purpose of This Manual 
	Who Should Use This Manual 
	Manual Organization 
	Conventions Used in This Manual 
	1.   Introduction 
	1.1 Unpacking Your 6510e Power Analyzer 
	1.2 New Features of the 6510e Power Analyzer 
	1.3 Data Sheet 
	2.  Controls 
	2.1 Front Panel 
	2.2 Front Panel Controls and Buttons 
	2.2.1 Enabling Secondary Functions 
	2.2.2 Using Front Panel Controls and Buttons 
	2.3 Vacuum Fluorescent Display (VFD) 
	2.3.1 Contrast Settings 
	2.3.2 Display Guide 
	2.4 Rear Panel 
	2.5 Rear Panel Inputs and Outputs 
	3.  Installation/Configuration 
	3.1 Powering up the 6510e 
	3.1.1 Line Voltage 
	3.1.2 Self-Test 
	3.1.3 Main Menu 
	3.2 Protecting Your 6510e 
	3.2.1 Transient Overloads 
	3.2.2 Current Overload 
	3.2.3 Surge Protection 
	3.2.4 Circuit Breakers 
	3.3 Testing Instrumentation Setup 
	3.3.1 Wiring Mode 
	3.3.2 Measurement Filter 
	3.3.3 External Sensor 
	3.3.4 Amp Scaling 
	3.3.5 Volts Scaling 
	3.3.6 Phase Setup 
	3.3.7 Special Functions 
	4.  Operating Principles 
	4.1 Analog Processing 
	4.1.1 Volts 
	4.1.2 Amps 
	4.1.3 External Shunt 
	4.2 Digital Processing 
	4.2.1 AC Details 
	4.2.2 DC Details 
	4.2.3 Round-Off Error  
	4.3 Measurement Modes 
	4.3.1 Peak  
	4.3.2 Peak Hold / Inrush Current 
	4.3.3 DC 
	4.3.4 RMS 
	4.3.5 Crest Factor 
	4.4 Measurement Methods 
	4.4.1 Cycle-by-Cycle Mode 
	4.4.2 Continuous Mode 
	5.  Computer Controlled Operation 
	5.1 About the GPIB Interface 
	5.1.1 Installing the GPIB/IEEE-488 Connector Cable 
	5.1.2 Changing the GPIB Primary Address 
	5.2 About the RS-232 Interface 
	5.2.1 Connection 
	5.2.2 Communication Parameters 
	5.2.3 Baud Rate 
	5.3 Checking the 6510e-to-PC Connection 
	5.4 Data Format 
	5.4.1 OT Example  
	5.4.2 OE Example  
	5.4.3 OA/OV/OW/OF Example 
	5.5 Programming 
	5.5.1 Data Termination Characters 
	5.6 6510e Communication Commands 
	5.6.1 Configuration Commands 
	5.6.2 Data Output Commands 
	6.  Calibration 
	6.1 Closed-Box Calibration 
	6.2 Calibration Schedule 
	6.3 Calibration Commands 
	6.4 Basic Calibration Process 
	7.  Optional Features 
	7.1 Analog Outputs 
	7.1.1 Specifications 
	7.1.2 Channel Assignments 
	7.1.3 Hardware Connection 
	7.1.4 Software Configuration 
	7.1.5 Calibration 
	8.  Troubleshooting 
	Appendix A:  Schematics 
	A.1 Main Board - DSP, RAM, FLASH 
	A.2 main board - input/output, gpib, rs-232 
	A.3 main board - fpga 
	A.4 Input Module - Current 
	A.5 Input Module - voltage 
	A.6 Key Pad 
	A.7 Analog Output 
	Glossary 
	Index 
	Magtrol Limited Warranty 
	A
	Abbreviations Used  
	Active Power  
	Amp Scaling  
	Amp Scaling Setup Menu  
	Amps. See Current. See also Current
	Amps Gain  
	Amps Input  
	Amps Signal  
	Analog Output  
	Hardware Connection  
	Setup Menu  
	Software Configuration  

	Analog Outputs  
	Analog Processing  
	Apparent Power  
	Average Mode  

	B
	Baud Rate  
	Buttons  

	C
	Calibration  
	Commands  
	Mode  
	Process  
	Schedule  
	Setup  

	Channel Assignments  
	Circuit Breakers  
	Closed-Box Calibration  
	Commands
	Calibration  
	Configuration  
	Data Output  

	Communication Commands  
	Communication Parameters  
	Configuration Commands  
	Connection
	6530-to-PC  
	Analog Output Board  
	RS-232  

	Continuous Mode  
	Contrast Settings  
	Controls  
	Crest Factor  
	Current. See also Amps
	Current Overload  
	Current/Potential Transformer Connection  
	Custom Display  
	Custom Main Menu  
	Cycle-by-Cycle Mode  

	D
	Data Format  
	Data Output Commands  
	Data Sheet  
	Data Termination Characters  
	Digital Processing  
	DSP. See Digital Processing

	E
	Ext. Sync.  
	External Sensor  
	External Sensor Scale Factor Setup Menu  
	External Shunt  

	F
	Features  
	Front Panel  
	Functions. See also Controls and Buttons

	G
	Gain
	Amps  
	Volts  

	GPIB
	Installation  
	Primary Address  

	GPIB Interface  
	GPIB/IEEE-488  

	H
	Hold Mode  

	I
	IEEE-488. See GPIB/IEEE-488
	Input Module  
	Inputs  
	Amps Input  
	Ext. Sync.  
	External Sensor  
	Voltage Input  

	Inrush  
	Inrush Current  
	Integral. See PID
	Interrupt Driven
	AC  
	DC  


	L
	Line Voltage  

	M
	Main Menu  
	Main Program
	AC  
	DC  

	Measurement Filter  
	Measurement Methods  
	Measurement Modes  
	Menus
	Amp Scaling Setup Menu  
	Analog Output Setup Menu  
	Custom Main Menu  
	External Sensor Scale Factor Setup Menu  
	Main Menu  
	Phase Main Menu  
	Volt Scaling Setup Menu  

	Metal Oxide Varistor  
	MOV. See Metal Oxide Varistor

	O
	Output Amps  
	Output Element  
	Output Frequency  
	Output Total  
	Output Volts  
	Output Watts  
	Outputs  
	Analog Output  


	P
	Peak  
	Peak Hold  
	Phase Main Menu  
	Phase Setup  
	Primary Address  
	Programming  

	R
	Rear Panel  
	Remote Voltage Sense  
	RMS  
	Round-Off Error  
	RS-232
	Connection  

	RS-232 Interface  
	RS-232C  

	S
	Scaling Activated  
	Secondary Functions  
	Self-Test  
	Sensor Substitution  
	Setup  
	Signal
	Amps  
	Volts  

	Surge Protection  
	Symbols Used  

	T
	Testing Instrumentation Setup  
	Transient Overloads  
	Transient Voltage Suppression  
	Troubleshooting  

	U
	Unpacking  

	V
	Vacuum Fluorescent Display  
	VFD. See Vacuum Fluorescent Display
	Volt Scaling Setup Menu  
	Voltage Gain  
	Voltage Input  
	Voltage Signal  
	Volts Scaling  

	W
	Wiring Modes  


