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Warranty

Equipment Limited
Warranty

Doble Engineering Company (DOBLE) warrants the products that it manu-
factures to be free from defects in material and workmanship for a period of
one year from the date shipped from the factory.

During the one year warranty period, DOBLE will repair 6Freplace, at its
option, any defective products or components th¢reofat ho additional
charge, provided that the product or componept is{tettirned, shipping
prepaid, to DOBLE. The Purchaser is responsiblefer insuring any product
or component so returned and assumes the, riskyof'loss during shipment.
All replaced products and components becomeg the property of DOBLE.

THIS LIMITED WARRANTY DOES N@REXTEND TO ANY PRODUCTS
WHICH HAVE BEEN DAMAGEDR,ASARESULT OF ACCIDENT, MISUSE,
ABUSE, OR AS A RESULT OF M@DIEICATION BY ANYONE OTHER
THAN DOBLE OR AN AUTHEQRIZED"DOBLE REPRESENTATIVE.

EXCEPT AS EXPRESSLY SET®E@RTH, ABOVE, NO OTHER WARRANTIES,
EXPRESSED OR IMPLIED, ARE'MADE WITH RESPECT TO THE PRODUCT
INCLUDING, BUT NOT LIMITED TO, ANY IMPLIED WARRANTIES OF
MERCHANTABILITY ANDERITNESS FOR A PARTICULAR PURPOSE. DOBLE
EXPRESSLY DISCLAIMS ALLIWARRANTIES NOT STATED HEREIN. IN THE
EVENT THE PRODUELT IS'NOT FREE FROM DEFECTS AS WARRANTED
ABOVE, THE,PURGHASER’S SOLE REMEDY SHALL BE REPAIR OR
REPLACEMENTRAS PROVIDED ABOVE. UNDER NO CIRCUMSTANCES
WILL DOBLEBE [PABLE TO THE PURCHASER OR ANY USER FOR ANY
DAMAGES; INCEWDING WITHOUT LIMITATION, PERSONAL INJURY OR
PROPER#Y DAMAGE CAUSED BY THE PRODUCT, ANY INCIDENTAL OR
CONSEQUENTIAL DAMAGES, EXPENSES, LOST PROFITS, LOST SAVINGS,
OR OTHERDAMAGES ARISING OUT OF THE USE OF OR INABILITY TO
USE THISPPRODUCT.



Software Limited
Warranty

Disclaimer

Doble warrants that: (i) for a period of one hundred twenty (120) days
from the date of shipment from Doble, the media on which the Software
is furnished will be free of defects in materials and workmanship under
normal use; and (ii) for a period of one year from the date of shipment
from Doble, the Software will perform in substantial confdrmafice to its
published specifications. This limited warranty extends only tesCustomer
as the original licensee. Customer’s exclusive remedy/@hd Deble’s entire
liability under this limited warranty will be, at Doble’s gption, to repair or
replace the Software, or to refund a pro rata portionvef the purchase
price. Doble makes no warranty or representationythat its software
products will meet Customer’s requirements gthagthe operation of the
software products will be uninterrupted or errer free, or that all defects in
the software products will be corrected.

This warranty does not apply if the softwaresa) has been altered, except
by Doble, (b) has not been installed, operated, repaired, or maintained in
accordance with instructions supplieday Doble, (c) has been subjected
to abnormal physical or electrical stréss, misuse, negligence, or accident,
or (d) is used in ultrahazardous activities.

THE FOREGOING WARRANWRIES’AND REMEDIES ARE EXCLUSIVE
AND ARE IN LIEU ORALL OTHER WARRANTIES, TERMS, OR
CONDITIONS, EXPRESS OR'TMPLIED, WHETHER ALLEGED TO ARISE
BY LAW, BY REASONCOF CUSTOM OR USAGE IN THE TRADE, OR BY
COURSE OF DEAERNGMNCLUDING WARRANTIES, TERMS, OR
CONDITIONS OEWERCHANTABILITY, FITNESS FOR A PARTICULAR
PURPOSE, SAMSFACTORY QUALITY, CORRESPONDENCE WITH
DESCRIPTION, AND NONINFRINGEMENT, ALL OF WHICH ARE
EXPRESSLY BISELAIMED.

IN NOEVENT WILL DOBLE BE LIABLE FOR ANY LOST REVENUE,
PROEL, OR DATA, OR FOR SPECIAL, INDIRECT, CONSEQUENTIAL,
INCIDENTAL, OR PUNITIVE DAMAGES HOWEVER CAUSED AND
REGARDLESS OF THE THEORY OF LIABILITY ARISING OUT OF THE
WSE OF OR INABILITY TO USE THE SOFTWARE EVEN IF DOBLE HAS
BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. In no event
shall Doble’s liability to Customer, whether in contract, tort (including
negligence), or otherwise, exceed the price paid by Customer. The
foregoing limitations shall apply even if the above-stated warranty fails of
its essential purpose. SOME STATES DO NOT ALLOW LIMITATION OR
EXCLUSION OF LIABILITY OR CONSEQUENTIAL OR INCIDENTAL
DAMAGES.
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Limitations of DOBLE’s entire liability and Purchaser’s exclusive remedy shall to
Remedies 1. The replacement of any disks not meeting DOBLE’S “limited
warranty” which are returned to DOBLE. *

2. If DOBLE is unable to deliver replacement disks w e free from
defects in materials and workmanship, Purcha minate this
agreement. By returning the software product opies thereof
in any form and affirming compliance with this irement in
writing, DOBLE will refund the purchase .

IN NO EVENT WILL DOBLE BE LIABLE TO ASER FOR ANY

DAMAGES, INCLUDING ANY LOST PR OST SAVINGS OR

OTHER INCIDENTAL OR CONSEQUE L DAMAGES ARISING OUT
OF THE USE OR INABILITY TO US OFTWARE PRODUCT,
EVEN IF DOBLE OR AN AUTH EALER HAS BEEN ADVISED
OF THE POSSIBILITY OF SUCH ES, OR FOR ANY CLAIM BY
ANY OTHER PARTY.

Some states do not allow theylimitation or exclusion of liability for
incidental or consequential damages, so the above limitation or

exclusion may not ap
For Equipment Mai , contact:

Customer Ser nager (Extension 321)
Doble EngingeringiCompany

85 Walnut Sx
Watertown@ 472-4037 (USA)
Telephofie: 26-4900
FAX: -0528

Email: ‘@ustomerservice@doble.com
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Preface O

L 4
The F6000 family of power system simulators consis %ntegrated
group of precision test instruments, related options, ssociated

control software. The F6000 Family of Power imulators User
Guide contains detailed information regarding the,setup, operation and

maintenance of the F6000. The sections belo ain how the book is
organized and the conventions it uses.

Structure of This Manual (D
This user guide consists of eight and seven appendices:

Chapter 1 "Introducing th
Chaptér, 1 gives an overview of the F6000
Insgument?Included is a description of the

i nt’s hardware architecture, ProTesT
@e, and the options available for the F6000.
Chapter 2 "Ins t t Panel”

Chapter 2 explains the features and functions on
the front panel of the F6000 Instrument.

It explains how to configure the software and set
up the instrument.

Chapter 3 @nd Configuration”
C) Chapter 3 shows how to get started with the F6000.
0\

k 4 "Control Panel Operations”
Chapter 4 describes the settings and controls on
9 the F6000 Control Panel and associated displays.

apter 5 "Basic Test Procedures”
Chapter 5 explains how to use the F6000
Instrument to conduct simple tests, and how to
make use of the various features on the Control
Panel.

Chapter 6 "Troubleshooting Guide”

¢ Chapter 6 provides a diagnostic flow chart for
identifying problems, defines LED status indicators
and lists hardware and software error messages.

72A-1589 Rev. C 02/01 Xiii
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Chapter 7 "Field Replacement Procedures”

Chapter 7 gives detailed instructions about how
to remove the various circuit boards in the
instrument, and how to replace themywith new
boards.

Chapter 8 "Safety and Maintenance”

Chapter 8 lists rules for safe use @f the F6000
Instrument, discusses routine fpaifitenance of the
equipment, and explains hew t@ obtain service for
the instrument from Dgblégngineering.

Appendix A ”Software Maintenance”

Appendix A explainshow to use the Flash Loader
to update the F6OQO fifmware, and how to enable
pre-install@eh@ptions.

Appendix B “Ethernet Commuhications”

Appendix B eXplains how to assign the control PC
an IRsaddress for the purpose of communicating on
a privatejinternet, and how to change the IP
address?of the F6000 Instrument.

Appendix C ”Sourced€onfigurations”

Appendix C discusses the different kinds of sources
available on the instrument front panel, gives rules
for source selection, and illustrates the pre-set
source configurations available.

Appendix By Global Positioning System”

Appendix D explains how to conduct an
end-to-end test with two F6000 Instruments
synchronized using the Global Positioning System.

Appendix E "Timing Between State Changes”

Appendix E contains technical information on the
operating characteristics of the F6000 Instrument.

Appendix F “Field Calibration Verification”

Appendix F lists testing specifications and
procedures for performing amplitude and distortion
tests and phase shift tests on configured current
and voltage sources.
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F6000 Family of Power System Simulators User Gui
Appendix G "F6150 Specifications” O

Appendix G contains detailed electrical
specifications for the F6000 Instrument, ingluding
the operating characteristics of thessources in

various modes. \
Document Conventions

The following font conventions serve to dist@Crious references in

the text:

e Button labels, menu selections,
display that the user can click

e The names of displays arg sh

e Section names on the Co
front panel, and oth e

The following definitions distinguish the software controls in ProTesT
from the hardware on the iins nt:
e Control Panel rgfers to,the main display in ProTesT used to
operate the F6000 Tastrument.

e Instrum nt panel refers to the front panel of the instrument
itself.

e Instrument Display refers to the display on the front panel used to
shom ent status information.

0\< ,

Q>®

d itéms on pick lists (items in a
e Shown in bold type.

old type.

el, labels on the instrument
shown in italics.

AR 72A-1589 Rev. C 02/01 v

Q‘l:



Preface

Notes, Cautions, and Warnings

C€

COMPLIANCE

WARNING

GROUND

®

NOTE

VOLTAGE

4N

ESD

A

A

Note, Caution, and Warning icons denote information of special interest.
The icons appear in the column to the left of the text and are reprodticed
below, along with explanations of their meanings. Failure to observe a

Warning or a High Voltage warning could cause a dangerotis condition.

The CE icon signifies that the equipment complies with CE requirements.

The WARNING icon signifies information that denetes a potentially
hazardous situation, which, if not avoidedmma¥aresult in death or serious
injury.

Protective Earth Ground symbol,

The Note icon signifies,a €atitionary statement, an operating tip or
maintenance suggestion. Instrument damage may occur if not followed.

Hazardous voltagentisk of shock or injury.

The ESD_ Suseeptibility icon signifies that the equipment is sensitive to
electrgstatie discharges. Instrument damage may occur if proper handling
méthods*are not followed.

XVI
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Safety

WARNING

ZAN

VOLTAGE

4N

Before turning on or using any F6150, verify that the instrument is
safely grounded to eliminate the potential of a dangerous electric shock.
Always turn the source output off and disable the unit before
connecting, removing, or touching any output terminal orscable.

Dangerous and potentially fatal voltages can be deyeloped across the
output terminals of any Power System Simulator. USE EXTREME
CAUTION when turning on or using the F6150. Always turn the source
output off and disable the unit before connecting, removing, or
touching any output terminal or cable. Neverground any F6150 output
source connection.

The high intensity yellow LED flashes to indicate that dangerous and
potentially fatal voltages may be'present. Flashing occurs when the
battery simulator is on, or when other’sources are enabled or on.
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1. Introducing the F6150 O

L 4

The F6150 power system simulator (Figure 1.1) is i@) test
protective relays and systems. The F6150 has thre xe sources and
three current sources. Each source is rated at 15 ontinuous
power. Each of these sources can be configured,as 75 VA sources to
provide a maximum of:

* 6 voltage sources, or

* 6 current sources, or
e 4 voltage sources and 4 curre

For more information on source
"Instrument Front Panel” ang

ions, see Chapter 2
C "Source Configurations”.

4Ly o

O Figure 1.1 F6000 Power System Simulator

@Configuration of the sources is internal and independently controlled by
a computer to meet diverse requirements for various relay tests. By
configuring the current sources in series or in parallel, the F6150 yields
more power for testing high burden relays or protection schemes.

Eight logic input and output channels provide the means to evaluate
4 protection scheme performance. An independent DC battery simulator is
also furnished for powering digital and static relays.

72A-1589 Rev. C 02/01 1-1
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Hardware Architecture
L

Hardware Architecture

The components of the F6000 Instrument are:
e Front Panel
e Logic I/O Board
e CPU Board
e Analog I/O Board
e Three Current Amplifiers
e Three Voltage Amplifiers
e Power Supply
e Battery Simulator
e Four Cooling Fans

Figure 1.2 shows the location of these @empdnents in the instrument.

Front Panel

Logic I/O Board

CPU Board
Analog 1/O Board

Current Amplifiers

Cooling
Fans

Voltage Amplifiers

PowerSupply

Battery Simulator

Figure 1.2 Instrument Architecture
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F6000 Family of Power System Simulators User Guide

ProTesT

ProTesT is a software system for protective relay testing and equipment
maintenance. It includes the F6000 Control Panel for manual control of
the instrument. It also combines automatic control of thie

F6000 Instrument with the functions of a client server database.

ProTesT uses test templates called macros to autopiate, tests on protection
scheme relays. The ProTesT database also documenpts relay settings, test
conditions, and test history. Figure 1.3 on page &4 tHustrates how the

ProTesT software interacts with the F6000 aneyvith the relay under test.

ProTesT allows the use of three testing naethods;

e Steady state relay calibration
* Dynamic state testing
e Transient testing

Steady state relay calibration tisesfacros to automate tests on protection
relays and schemes. These macrositest individual relay functions, such as
reach, instantaneous over€urreng reverse current response, pick up and
dropout, and operationpsand feset timing.

Dynamic state testing ‘uses a special state simulation macro. The state
simulation magfro simultaneously applies fundamental frequency
components©f Valtage and current that represent power system states.
Typically these statesrare pre-fault, fault, and post-fault.

Transient testingluses the optional ProTesT TPlan. Transient simulation
tests simultaneotisly apply fundamental and non-fundamental frequency
components of voltage and current that represent power system
conditigns"®btained from Disturbance Fault Recorders (DFR) or system
mddeling*tools such as EMTP or ATP. The DFR and system modeling tool
data are typically stored in a COMTRADE file. ProTesT TPlan can work
with COMTRADE files.

de‘enhance the capabilities of the F6000 Instrument, ProTesT:
e Automates protective relay tests to reduce testing time and
increase accuracy

e Tests complete protection schemes under realistic power system
conditions

e Creates standardized test plans with repeatable results
e Stores test plans and test results for later retrieval and analysis

G 72A-1589 Rev. C 02/01 13



ProTesT

Q

Instrument Display

23
%S
o

... WpyTsoUTOUT S
[T cosMuNICATION ‘

ProTesT Software:

Logic Logic Voltage an \ ® F6000 Control Panel
Outputs Inputs Current S for Manual Control
' ® Macros for

Automatic Control

~

1ot ot | gt | apsors | 0 ctoe | i i | ot | g | BB AR 572

J

=N

Figure 1.3 Test Setup with ProTesT, F6000 Instrument, and Relay Under Test
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Control Panel

The F6000 Control Panel (Figure 1.4) controls the power system
simulator from a computer connected to the instrument front pafiel. It
configures and controls the instrument’s voltage sources, Cuirent sources,
logic inputs, logic outputs, and timers. The F6000 Gentfol Panel
emulates front panel controls. It also employs flexible data entry
procedures to accommodate the wide range of tést £onfigurations
possible. The Control Panel’s intuitive controlstean‘le used to check a
relay without an elaborate test plan.

4+ ProTesT - [Untitled]

=l File Edit Setup Wiew Toolz ‘"window Help A ;lilil
2 ) e e o A e 2 e e P

Src Amplitude Phase  Frequency  Range On Enable 0.0

W Jea o [gooo0 H[7m = = =
EEEC = =

Yol frzo ([enooo s = ml m
[ jo {0000 =[5 = M

{5 Js0 |s0.000 :‘”?.5??

5 Jero enoo0 H|75 = [

3 [5 [is0 [eoom =[5 =
| 2

4

ale] J4]

tl

iagias

4

n

Eaulb Hatate |

— Ramps/Set sources: z — Timers
Ramp/Set : " |F|ate or Delta step: — C . I o0 . I Tirnirg Status
LI I-1 EI Phaze : : Reset
va W 11 o & Amplitude & I B I @ Running
vE W 12 ¥ @D& " Frequency E3 I [ I @ Stopped
t 4 o
L N A4 3 a
W v € e | Pl ||| - e @ ses © cyetes SR | Besel
-
A N ) |
Syztem Abart Ouput ® & & & & & & =&
Output - lhpu: ® & & & & & & @

— Battery V :
@ B ¥ Timer
| 4 ettings...
Far Help. preﬁ‘ B |

Figure 1.4 F6000 Control Panel
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Options

- O
Options O

Several options for the F6000 Instrument are available:
. . . N
Option F6810 High power convertible voltage/curra; sources.

Provides three low current/high compliahice
voltage sources for testing high N

electromechanical relays.

Option F6909 Control Panel Enable. Permi TesT F6000
Control Panel to communicate'with the F6000
Instrument.

Option F6910 Simulator control ano@ﬁon module. Use
with ProTesT softw; ird party software.

Option F6885 Global Positioni m (GPS) satellite receiver
interface. GPS a (Option F6895) must be

ordered s

Option F6895 GPS ant uires Option F6885, GPS
satellite'receiver interface.

The Global Positioning Sy$ ws users to synchronize multiple
F6000 simulators at semoteflogations. The power sources in each

simulator use the g (
synchronize thei o ;
software tlmlng erros |

O
. O
&

O
Q>®

ts. GPS synchronization eliminates hardware and
end-to-end testing.

- 72A-1589 Rev.C 02/01  @lo o



2. Instrument Front Panel

The instrument front panel in Figure 2.1 contains:

Outputs for three 150 VA voltage/low curten,convertible sources

Outputs for three 150 VA current sources

Outputs for 75 VA sources when the 150WA sources are split
Battery simulator

Connections for eight logic outputs

Connections for eight logic inptits

Ports for system communiigations

On/Off switch and AC powerteonnection

Control of all test functions isagcomplished from a computer.

Instrument Display (VFD)

Figure 2.1 F6000 Instrument Front Panel

GV 72A-1589 Rev. C 02/01
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Source Outputs

Source Outputs

Instrument Display

NOTE

The Source Outputs section of the relay F6150 front panel contains
outputs for AC/DC voltage and current sources, and a battery simulator
that supplies DC power. It also contains an Instrument Displaythat shows
key information about the operation of the instrument (Rigtite 27

on page 2-1).

On bootup, the messages in the Instrument Displaycyele in a predictable
and recognizable pattern. This pattern is disriipted, if the F6000
Instrument fails its internal diagnostic test. The,F6000 performs a set of
internal diagnostics to check the integrity of the system's memory, data,
and communication paths. It also chegks thentegrity of all the system
modules. After a successful bootup, the F6000 Instrument Display shows
the following information:

e CPU serial number

e Firmware revision cufrently installed

e Options enabled

e Instrument’s JP"address/for purposes of network communications

e Status of the,GPS receiver (if Option 6885 is installed and
Receiver‘@ption 6895 is powered up and connected to the
F6150)

During normalioperation, the Instrument Display shows source names
and the lay@tt of thie sources. When any source is on or enabled, it
shows the amplitude and phase angle of the source for up to six sources.

Whena souree is enabled, the source label uses a lower case identifier
(foriéxample, va, vb, vc, i1, i2, and i3). When a source is on, the source
labél uses’an upper case identifier (for example, VA, VB, VC, 11, 12,
and 13).

2-2
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Voltage and Current Sources

Figure 2.2 shows the voltage and current sources on the instrument
front panel. The F6150 provides three 150 VA voltage sources, which
can be optionally converted into current sources to proVide, low range
current testing. It also provides three 150 VA currefgsources, which can
be combined to achieve more power. Two 150 VA curréqt sources can be
combined to form a 300 VA source. Three 150 VA cdrfent sources can be
combined to form a 450 VA source.

For source selection rules and examples of different test setups, see
Appendix C ”Source Configurations”.

NOTE Low current convertible sources and_eurrent sources must not be
' paralleled. See "Rules for Source Selection” on page C-2.

Convertible Seurces
(Voltage or LowsCurrent) Current Sources

150 VA Sources —|
(Red)

Terminals for
Return Lines
(Black) —

75 VA Sources
(Red)

Figure 2.2 F6000 Instrument Front Panel Source Outputs

o0
© 0'®y,
000
000
000
000
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Voltage and Current Sources

The F6150 voltage sources are optionally convertible and may be
configured as either voltage or current sources. A convertible source,
when used in current mode, provides a low range current at a high
compliance voltage. The current ranges for 150 VA sources_are 0.5 A,
1.0 Aand 2.0 A, at a compliance voltage of 300 V, 150 Vfand¥%5 V AC,
respectively (Table 2.1).

Table 2.1 150 VA Convertible Sources Configured to
Supply Low Current at a High Complianee Veoltage

Current Compliance Voltage
0.5A 300 V
1.0A 150V
20A 75V
WARNING The high intensity yellow LED flashesswhen the battery simulator or any
output source is on or enabled to indicate the potential for dangerous or
fatal voltages.

The F6150 suppliessthree copvertible voltage/current and three current
sources. Each soufee isfrated at 150 VA of continuous power (Figure 2.3).

Conyertible Sources
(Valtage or Low Current) Current Sources

|
| |
150 VA 150 VA 150 VA

Terminals forg, W O @ O O

Return Lines

(Blagk) —
759VA Soudrces
(Red)

Figure 2.3 Six 150 VA Sources

150 VA Sources +1
(Red)
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These six sources can be switched to eight sources by splitting twe,of the
150 VA sources into four 75 VA sources (Figure 2.4).

150 VA Sources —
(Red)

Terminals for
Return Lines

(Black) —

75 VA Sources
(Red)

Convertible Sources
(Voltage or Low Current) Currefnt Soufces

Volts or Volts or Volts or
Amps Amps Amps
150 VA 150 VA

Figure 2.4 Four 150 VA Sources,and Four 75 VA Sources

The source outputson the F6150 Instrument front panel include
terminals forf®,50WA and 75 VA sources as well as terminals for return

lines:

Thelsix red terminals in the first row of outputs supply 150 VA
of poyver.

Thefirst set of three 150 VA outputs are convertible sources.
Use these as voltage sources or optionally as low current sources.
The fourth, fifth, and sixth outputs are 150 VA current sources.

The six black terminals in the second row are for return lines.

When a 150 VA source is split into two 75 VA sources, the return
line for both sources uses the common terminal in the middle
row.

The six red terminals in the third row of outputs supply 75 VA of
power when a 150 VA source is split.

G 72A-1589 Rev. C 02/01 s



Battery Simulator

—O

Figure 2.5 illustrates the front panel source configuration when threb
150 VA voltage sources are split into six 75 VA sources.

Convertible Sources
(Voltage or Low Current)

| | |
150 VA Sources —
(Red) |
Terminals for | m /\
Return Lines U U

(Black) —

75 VA Sources % %
(Red)

Battery Simulator

The battery simuk\ be used to power digital relays and may be set
5

to provide 48, @ 0 V of DC output at 60 W.
Auxiliary Functions O

Other f ns on the F6150 front panel include:
&%umunications
ic Inputs
e /lLogic Outputs
DC Meter Inputs

®® e Power Connection and Switch
4
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Communications

WARNING

ZAN

The computer is connected to the instrument via an RS-232 serial port or
an Ethernet communications link.

Use the Ethernet communications link only with a discreté)PC on a
private network. Connecting the F6000 to a local-area ora wide-area
network permits unauthorized control of the test/instrument.

To configure ProTesT to communicate using either the'serial port or an
Ethernet connection, see ”Setup Display” on,page&3-5. Table 2.2
summarizes the requirements for both serial and Ethernet connections.

Table 2.2 Requirements for Serial and Ethernet Connections

Serial Connection Ethernet Connection

F6000 Instrument

9 pin female connector BINC’connector (labeled NETWORK)
(labeled PC RS-232)

Computer

Serial port Network card with BNC adapter

Cable

RS-232 cable Coaxial Ethernet cable with
BNC connectors and 50 Ohm end
terminators

Communication Setup
(in ProTesT)

COMX (COMT by, default) IP address (10.1.3.1 by default)

Baud Rate (in ProTesT)

57600sbps N/A

Logic Outputs

Thegdnput’/Output & Communication section of the F6150 front panel
als@icontdins a GPS port for use with a Global Positioning System

(see "Options” on page 1-6). The other ports in this section (SYNC, Low
Level Sources, and Auxiliary Logic I/O) are for future applications.

Logic outputs send logic signals from the F6150 Instrument to external
devices. They act as logical relays located in the test equipment. The
F6150 front panel includes eight discrete logic outputs. Each output can
be configured as normally open or normally closed. Use the F6000
Control Panel software to configure and control the logic outputs.

G 72A-1589 Rev. C 02/01 .7



Logic Inputs

Logic Inputs O

Logic inputs receive signals from a test circuit. The F6150 front panel
includes eight discrete logic inputs. Inputs can be programmed for €ither
voltage sense or contact sense. Use the F6000 Control Pa tware to

configure and control the logic inputs. \
The front panel contains three DC meter input t@%mse are for

DC Meter Inputs

future use.

Power Q

The connection for the electrical po er%in the lower left-hand
corner of the front panel. The On/t it r the unit is directly above
the power connection. The F6000 i configured to use either

115 V or 230 V 50/60 Hz power ified by the user when ordering.
The instrument front panel is | the power entry receptacle with
the selected power option.

L 4

>
N
NI

Q
o
&
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3. Setup and Configuration O

4
This chapter explains how to set up the F6000 Ins %d how to
establish communications between the instrumen e software used
to control it. It also explains briefly how to configur, voltage and

current sources on the front panel of the instru@
Getting Started

To set up the F6000 power system simulatog:

1. Unpack the instrument and jnsp completeness and
transportation damage. Verif ystem components are present:
* F6150 Instrument

e Brown cable bag, m
« 1 F6000 User&ib
i

the following:

e 1F6150M Release Notice
e 1Po I
o able

t Cables

ut Cable

I/O Cables

. R Lug 3 x 4 mm F Adapter Cables
axial Ethernet Cable

(J
K\O2 Ring Lug to 3 x 4 mm Adapters
\ e 15 Spade Lug 4 mm Red Adapters

< ’ * 9 Spade Lug 4 mm White Adapters
e 2 In-line 50 Ohm BNC Terminators

2. Connect the power cord to the power connection socket in the lower
% left-hand corner of the instrument front panel and plug it into a
L 4

standard wall outlet.

3. Turn the instrument on with the On/Off switch located above the
power connection socket.

72A-1589 Rev. C 02/01 3-1
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Getting Started
-]

4. On bootup, the messages in the Instrument Display cycle in a
predictable and recognizable pattern. This pattern is disrupted if the
F6000 Instrument fails its internal diagnostic test. The F6000 performs
a set of internal diagnostics to check the integrity of the system's
memory, data, and communication paths. It also checks th&integrity
of all the system modules.

WARNING When the instrument is on, the possibility of hazardous veltages or
currents at the sources exists. Proceed with cautien.
A series of messages appears in the display on the,instrtiment front panel

as the F6000 firmware boots up (Figure 2.1 opfpage 2-1). These messages
track the sequence of steps in a successful beetup:

Starting Power On Test
Run the Doble Bootloader (VersionwNumber)
Loading Compressed Imaget. S wRone

At the end of this series of messages, the following information appears in
the display (Figure 3.1):

Instrument Eirmware Instrument
Model # Reyision # IP Address

F6150 Rev: 1.01.10 IP: 10.1.3.96

CPU ID: 69678 Option(s): F6895
Identification # of the Options enabled
CPU in the instrument (scrolling numbers)

Figure 3.1 Instrument Display After Successful Bootup

NoTE If anverror message appears in the VFD at the end of the bootup
sequence, refer to "Hardware Errors” on page 6-11.
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-0

The F6000 Instrument is controlled via the F6000 Control Panel imstalled
with ProTesT 1.70 software. ProTesT 1.70 or later requires the following
hardware and software: .
e Personal computer with a Pentium class proces
e Windows 95/98/NT 4.0 operating systems
e ProTesT 1.70 or later installed on the hard ?v the computer
(for installation instructions, see the ProTesT, Guide)
e RS-232 serial cable or Ethernet BNC ca a 10 MB network
card
e At least 32 MB RAM (Random Ac
¢ A color monitor with 640x480
(800x600 VGA 256 color is réc

To complete the initial setup pro
and to the F6150):

5. Connect one end of th
computer, or connect
the computer.

resolution minimum

nded)
power OFF to the control PC

able to the serial port on the
et BNC cable to the network card on

6. Connect the other the RS-232 cable to the serial port on the

instrument fi a lternately, connect the Ethernet BNC cable
to the net nnection on the instrument front panel. Both
connecti on the right-hand side of the front panel.

7. Turnth er on.

O
N

O
Q>®

L 4
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Getting Started

—O

8. Click Start|Programs | ProTesT to launch ProTesT. ()
The Login display appears (Figure 3.2)

goble

LS
[DOBLE /n "

T 72A-1589 Rev.C 02/01  €3%\e
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Setup Display
Use the Setup display (Figure 3.3) to configure the ProTesT software
to communicate with the F6000 instrument. To open the Setup display,
click Setup in the ProTesT menu bar. Select F6 as the défauit instrument.
Locate the section labeled F6 Instrument. It containgseVeralsettings
related to system communications. It also containsacheek box to specify
simulation mode for the F6000 Control Panel if there issno F6E000
Instrument connected.

Database Engine [E:\sqlanyS0hwin32sntdskS0.exe Browse

Default D atabaze IE “Program Files\DoblehProtest 1.71 vOESNdEAProTesT . db I Browse

»
I— Instrun‘nar'lt—AA
SLRlEm E G000 D efault —FB Instrument———————
Auto Bun Delay: |3 Secs ’7 £ 'R N Comm Part |1

ot Baud Rate |57E00

Save rezultz in Auto Bun v E att

gl |

Automatically Save Results T st IP&ddress |10.1.3.1

m Part I‘I vI |'E|:|nnect with, ———————

Pazte Test Results?

& Yes \s@ud Fate |asnn "I

£ No |:|I:|IE|:|:|I32 Disatle [~
¢ Prompt User 9
[ratabaze Free Space Seth N
Source Name SChem VAWBVCITIZIZ 7] Ok LCancel

Figure 3.3 Setup Display

i* Serial
i~ Ethernet

iContral panel simulation:
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F6000 Instrument Communications

NOTE

Comm Port

Baud Rate

IP Address

Connect with

The computer communicates with the F6000
Instrument through either the RS-232 serial pdrt or
the Ethernet port. If communication i§through the
serial port, set the Comm Port arfdithe®Baud Rate in
the Setup display. The default communications
port for the serial connection is'Camma Port 1. If the
computer does not communigatewith the

F6000 Instrument on COMT1, make sure the
communications port insthe Settip display matches
the port assigned in Windows 95/98/NT.

The baud rate for sérighport communications must
be 57,600 badd per second.

If the computer ‘¢omimunicates with the F6000
through the\Ethesnet port, enter the IP address

of the insttlument in the IP Address field of the
ProTesTSetupddisplay (Figure 3.3 on page 3-5).
The IR addgess appears in the Instrument Display
on theffrgmt panel when the instrument is turned on
and the6000 firmware boots up.

Radio buttons to select serial or Ethernet
communication.

Control panel simutation

If the computer is not connected to an instrument,
or if the instrument is switched off, operate the
Control Panel in simulator mode. Simulator mode
is useful for training and for configuring tests that
will be conducted at a later time. To choose this
mode, check the box for Control panel simulation.

If the.computer is not connected to an instrument or if the instrument is
switched off when the F6000 Control Panel is opened, an error message
appears. Acknowledge the error message, then specify Control panel
simulation in the Setup display or switch the instrument on.

After all the settings in the Setup display are changed or confirmed, click
OK to accept the modifications and close the display, or Cancel to close

without change.

3-6
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F6000 Configuration

The F6000 sources can be placed in a number of configurations to suit

test requirements. Configure these sources via the F6000 Configtration
display:

1. Click Tools | F6000 Configuration in the ProTes Tmenusbar to open
the F6000 Configuration display (Figure 3.4).

FG000 Configuration

Convertible W/ Sources CE
Murmber of |4 vl I I
|7 SOLICE: J@

Convertible W/ Sources

Eurrent Sources

i =] fz =] [ =]

ERIISINE

@ (é ® Iy I@bJ
Fre-zet Configurationz

|
\I 4% oltages and 4 Currents j
14

Threshald :
’71'? T ElEs et | Show Source Summary >>

k. | Cancel | Apply |

Figure 3.4 Configuration Display
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F6000 Configuration

2. Click Show Source Summary to show the VA rating and the range
settings for each configured source (Figure 3.5).

FG000 Configuration

=]
o .

Convertible %/ Sources Current Sources————————— | |\ @ J
Murnber of I - I Murnber of I - I WA TS0VA g P10, 300
SOLICE: ! SOLICE: ‘ B 150 4A _I-_ 8,150,300
Wi 7oy L4 75150
C ] Iff 0]} |
onvertible W/l Sources Current Sources ) =
[t O
W TN, 75,150
@O ®©O® | oo
[2 1500, 75,1530
- jve =] vzl 0 =z = s = T +_75m 7E15
in, " o
(I, ]}

i Tj 75 VA 7515
I-é)j Ié.)j E.“I)j |(; |(; [N =] K\

Fre-zet Configurationz
|4 Waltages and 4 Currents j

¢
"Threshnld

”~
& 15vat 1 54l QEiwe Surmmany << |
OF. E&I i, Apply

Figure 3:5¢Configuration Display with Source Summary
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To configure the sources manually, select User defined in the Presset
Configurations pick list. Then select the number of convertible sources
and the number of current sources in the two pick lists at the top of the
display. These lists correspond to the two types of sources available.

NoTE If the F6150 Instrument does not have the F6810 convettible source
option installed, then the sources on the left side of the Configuration
! display can output voltages only.

Convertible V/I Sources
If Option 6810 is installed, the sources on the left
side of the display can be used as voltage sources
or as low rangé current sources. The number of
convertiblesourges/available in the F6000
Configuration display depends on the number
selected,ifhe,Convertible V/I Sources pick list.
Referito Figure 3.5 on page 3-8.

Current Sources Thewsources in the right half of the display are
gonfigtivable only as current sources. The number
of/current sources available depends on the
number selected in the Current Sources pick list.

The F6000 Genfigtiration dialog box has a graphic display which
represents the veltage and current source output terminals on the F6150
front panel fMWhen a preset configuration is selected, the source names
and layout are displayed in this graphic. For user defined configurations,
the reqdiredfmumber of convertible V/I sources and current sources can
be selected#Moreover, the source names can be chosen from the
availableéwptions for each source shown in the graphic.

Once the number of convertible and current sources is specified, assign a
nage to each one. Name the sources by choosing from active pick lists
inthe middle of the display.

Voltage sources are typically designated VA, VB, and VC.
Current sources are typically designated /7, 12, and /3.
VN is a general label for a fourth voltage source.

IN is a general label for a fourth current source.

G 72A-1589 Rev. C 02/01 3.0



Pre-set Configurations

Pre-set Configurations O

To use a pre-set configuration, select one of the options from the pick list
at the bottom of the display: L4

e User Defined

e 3 Voltages and 3 Currents \%
e 3 Voltages and 3 Transient Currents

* 4 Voltages and 4 Currents

e 6 Currents (right bank) 0

e 1 Voltage and 2 Low Range Current

s
e 1 Voltage 150 VA and 1 Current 45@
e 4 Voltages and 4 Transient Curr%
e 6 Voltages
* 6 Low Range Currents
* 6 Low Range Transien\

e 6 Transient Currents

1 Voltage and 2 Lo e Transients
To finish configuring the % click one of the three buttons at the
ures3.

bottom of the displ 5 on page 3-8):

e Click OKto igure the sources on the F6000 Instrument and
close theN onfiguration display.
* Click Cangelto’ignore changes to the source configuration and
€ @ 00 Configuration display.

y to configure the sources on the F6000 Instrument
osing the F6000 Configuration display.
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|

The F6000 Control Panel (Figure 3.6) contains all of the functions and
controls needed to conduct tests with the F6000 Instrument. To 8pen the
F6000 Control Panel, click Tools | F6000 Control Panel’indhe ProTesT
menu bar. Chapter 4 describes the F6000 Control Papelsettings in detail.

+4 ProTesT - [Untitled]

=l File Edt Setup “iew Toolz Window Help -12] x|
G = e e o g Q}J’
Sic Amplitude Phaze Frequency  Fange OnEnable : /a0y
VA Jes |0 [60.000 =75 = B M
|53 fza0 fe00o0 s = B M
Vefes 2o Jeoon H[s = m m
oo (60000 =75 = = M
s Ja0 60000 =75 = =
5 zro fe0000 Hfrs = w‘
I3 s |10 |e0oo0 A 75 =
oo [60.000 =75 =4

b 4

EaulbEEtate |

—

—Ramp/Set zources: - — — Timers
Rate or Delta step: - C *g A A= Timing Status —
Ramp/Set : 1 I 0.0 5 I
- I.'I T Fhaze ' ' Reset
wa v 1 W o st mplitude 2 | B | ® Running
VB VW 12 rD = 3 | 7 ®  Stopped
ver B F : s £ | g |
W i |C i S | fecol | ¢ nsee @ see ¢ s St | Besat
— Batter A\ 4
: Timer System Ahart Outpyt ® & & & & & & &
| T Ings. .. Clutput = hpy; ® ® ® @ @ ® ® @
|F|:urHeI|:|, pre&ﬁ ’\ |_|

Figure 3.6 F6000 Control Panel
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4. Control Panel Operations

This chapter describes the settings and controls in the F6000 Control
Panel. The F6000 Control Panel is a virtual front panefwused for manual
control of F6000 sources. To open the Control Panel, elick Tools | F6000
Control Panel in the ProTesT menu bar. The Centrol Ranel opens in
ProTesT (Figure 4.1).

+4 ProTesT - [Untitled]

=l File Edit Setup %iew Toolz indow Help A =|7| x|
= e =) s 2 el e A = R P I S O 4

Sic Amplitude Phaze  Frequency  Range Ok Enable o0

YA fes o [6ooo0 =75 = = .
EINET = N E=
VB s izo [eoow H[s
oo ==
s 30 |eoooo s A
|5 E = =

1315|150 60000 =

ID ID IED'DDD ij —!' y LI FagIch:utatel I_
—FRamp/Set sources: — Timers
_& |Rate or zfepy— Change . _
Ramp/5et: v' = Eh " I 0.00 . I Tlmlnlgq:z;ttus
= aze
ya v N &+ Amplitude Z I B I @ FRunning
VE V12 l‘ " Frequency 3 | 7| ® Stopped
v |3 E 4 I & I
YN v Store I fecal I © mSec. ™ Sec. O Cycles Stop Heset
Elatter_l,l '
Loagic & Timer System Abart Output & & & & a @ * &
| Settlngs Output | = hput ® & & & & & & @
|F|:|r Help, presz F1 |_|

Figure 4.1 F6000 Control Panel
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Source Table

—O

The Control Panel contains eight sections. The functions in these sec@
control the instrument’s source outputs, logic inputs, logic outputs, an
timers. Starting in the upper left-hand corner, these are: .

e Source table
e Ramp/Set sources

e Battery simulator \%
e Logic and timer settings button @
e Phasor diagram

* Timers

e Logic output and logic input indicatQ
e System Output
e Abort @

The source table in the upper
contains seven columns (Figure 4.

Source Table

portion of the Control Panel
he column headings are:

e Source

e  Amplitude @
e Phase

* Frequenc

¢ Range

e On
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S Amplitude Phase  Freguency  Range On Enable
YA fes o ENUR= =

|63 Je4n  |enoon =5 =
Yofes 2o Jeoooo [ &
o o [eoomn [ E" J
Il |5 {30 |enoo0 =75 H u
|5 |z7o0 || e0.000 ﬂ@_ﬂ o o

3 [ [i50  [eoon 75 =
|0 |0 [eoogn /75 = = o
A\ LV

Figtre*4:2,Source Table

NoOTE If a source error occurs, the alarm is visible in the source table. The
name of the source affectedychanges to ER and blinks. The Amplitude
! and Phase fields for thatseurce also blink, and an audible alarm sounds

from the speakersof the control PC. See ”Source Errors” on page 6-14.
The first five columins contain the settings for each source:

Source The source column in Figure 4.2 contains eight
entries for eight sources. The standard naming
scheme for the voltage sources is VA, VB, VC, and
VN; the standard naming scheme for the current
sources is 11, 12, 13, and IN.

Anfplitude Amplitude indicates the voltage or current value of
a source. The range sets the maximum value for
the amplitude. If the amplitude entered exceeds the
maximum range value, an error message appears.
To correct the error, reduce the amplitude or
increase the range.

Phase The phase indicates the phase angle in degrees.
Enter a phase angle from —359.9° to 0° to +359.9°.
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Source Table

Frequency

Range

The default system frequency is 50/60 Hz. Useithe
Setup display (Figure 3.3 on page 3-5) to change
the default frequency. Use the spinner arrows in
the Frequency column to select the AC harmonic
or to select a DC ‘+" or a DC ‘~ range.

The range setting determines the maxirfitim value
for the amplitude of a particulaf source. For
maximum compliance voltage, use the lowest
current range that can produceithe desired test
current. See Appendix G.”F6150 Specifications”
for more details about fangesettings.

The last two columns in the source table&@ataiih On and Enable
buttons for each source.

On

Enable

Click the On button,to activate a source. The
button tufnsred, and the System Output button
blinks réd¢Cliek the On button again to turn

a sourcg’offdthe button turns gray. The System
Output button stops blinking when all the sources
have been turned off.

Click thé Enable button to place selected sources
i standby status. The Enable button for each
seurce to be activated turns green. When System
Output is selected, all of the enabled sources turn
on. The System Output button turns red, and the
On buttons for the individual sources stay gray.
Clicking System Output again turns the enabled
sources off.

4%
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The default color for System Output, On, and Enable buttons is gray.
Table 4.1 summarizes the panel indications associated with all three
indicators.

WARNING The high intensity yellow LED flashes when the batterySimulator or any

output source is enabled or on to indicate the potentialfor dangerous or
fatal voltages.

Table 4.1 Indications for Activated Sources

Method of Source Activation

Click Enable, then
Click On click System Output

On Button Color Red Gray

Enable Button Color | Gray Green

System Output Color | Blinking Red Steady Red

Abort Button Color Red Red

NoTE To turn off all active sources during a test, click Abort. Clicking Abort in
' the Control RPanel@oes not turn off the battery simulator.

G 72A-1589 Rev. C 02/01 45



Ramp/Set Sources
|

Ramp/Set Sources

The Ramp/Set sources section (Figure 4.3) contains five fields for varying
the values in the source table:

* Mode setting: Ramp or Set (default mode)

e Rate or Delta step pick list (or user entered value field)

e Variable to change: Phase, Amplitude (default'variable), and
Frequency

* Checkboxes to designate sources to change
e Up and down control arrows
e Store and Recall buttons

—Ramp/Set sources: ——— & * 4 5
a |RatearD :thange—
Famp/Set :
ISl -1A | " Phaze

I T v N % Amplitude
VB v 12 v ™ Frequency
VE R 13 Y

Y Ramp Stare | el

Eigtire 4.3 Ramp/Set Sources Section

NoTE Use the source(table,and the Ramp/Set section to control the amplitude,
phase angle and frequency of each source. These capabilities enable
! the pickup, dropout, and time tests.

Sources to Change

Thie 'Ramp/Set section has eight checkboxes, one for each source. To
change the selected variable (amplitude, phase angle, or frequency) for a
given source, click the checkbox for that source.

NoTE To avoid altering the values for a source during a test, make sure the
checkbox for that source is not selected.
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Variable to Change

Under Change, select a variable to increase or decrease:

 Click the radio button for Phase to vary the phase angle of the
selected sources by clicking either the up or doWngeentrol arrow.

e Click the radio button for Amplitude to vary the veltage or the
current of the selected sources by clickinggéitherthe up or down
control arrow.

e Click the radio button for Frequency to vary the frequency of the
selected sources by clicking either theétup or down control arrow.

NoOTE The frequency of the first source in thesourcetable varies
independently of the other seven sourees. The frequencies of sources
! 2 through 7 vary together, and are harmonically related to each other.

If VA is the only source checked i the Ramp/Set sources section, the
frequency for VA is the only&ariable that changes when the up or down
arrow is pressed. When VByis the,only source checked, however, the
frequencies for VB, VC, VIN, T2, 13 and IN all change at the same time.

Control Arrows

The up and dowh artowssto the right of Ramp/Set on the Control Panel
permit the change of selected source variables. The up arrow increments
and the downtarrow,decrements the selected source variables. The type
of change depends,on the mode selected (see “Mode and Ramp/Delta
Step” on page'4-8).

All eight sources in Figure 4.3 on page 4-6 are checked. When the up
arrow,is pressed, the sources step up by the amount in the Delta step box,
or ificrease at the rate specified in the Rate/second box. The setting
eannog, increase beyond the limit set in the Range column of the source
tablesT he setting stops at the last valid value and remains there.
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Mode and Ramp/Delta Step

NOTE

Store and Recall

Phasor Diagram

The settings in the source table can be varied continuously when in
Ramp mode or in discrete steps when in Set mode.

Ramp Mode Select a value from the pick list or efitethe
Rate=value/second manually. Thetselegted source
variables increment or decrementyat this rate when
the up or down arrows are respegtively clicked.

Set Mode Select a value from the pick listor enter the Delta
step manually. The selectedsource variables
increment or decrement byathis amount when the
up or down arrows are fespectively clicked.

For both the Ramp and Set modes, the valdes|in the Ramp or Delta step
pick list are 0.1, 1, 10, and 100.

In Ramp mode, the Rate=value/secend)is a continuous change at
10 kHz, not one value changeper second.

AutoSensE is a Ramp mode feature'(see ”Inputs Tab” on page 4-13).
The timers are a Set modesfeature (see “Timers Tab” on page 4-16 and
”Timers” on page 4-24).

To save the values digplayed in the source table, click Store at any time.
The source table values may then be altered via user entry or step/ramp
tests. To reinstate'the stored values, click Recall.

Th&hasor diagram in the upper right-hand portion of the Control Panel
istbased on polar coordinates. Each phasor represents the amplitude and
phase angle of a source. The distance from the origin to the endpoint of
the phasor represents the amplitude of a source. The angle formed by the
phasor and the positive half of the horizontal axis represents the phase
angle of a source. Phasor I1 in Figure 4.4 indicates that current source |1
has an amplitude of 5 A and a phase angle of 30°.

48
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The phasor diagram gives a visual representation of the amplitude,and
phase values in the source table. The source table and phasor diagram
interact with each other. Source table values are continuously updated as
phasors are dragged to new locations in the diagram using the mouse,
but the change is not sent to the F6000 Instrument, until théyphasor is
dropped.

A4

Aol

L}

& a

|
y l Multiple
PR R % Phazors r

Figure 4.4 Phasor Diagram

Range Settings

The upper leftthandigorner of the phasor diagram contains the highest
current settim@yfrom the Range column of the source table. The upper
right-hand ‘eofher’of the phasor diagram contains the highest voltage
setting ffom the"Range column of the source table.

Theseysettings determine the scale of the phasor diagram. For example,
if the amplitude for current source I1 is 15 A and the highest range setting
for thexcurrent sources is 15 A, the 11 phasor reaches to the perimeter of
the @ifcle in the phasor diagram. Similarly, if the potential for voltage
source VA is 50 V and the highest range setting for the voltage sources is
75V, the length of the VA phasor is two-thirds the radius of the circle in
the phasor diagram.
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Fault Rotate

Click Fault Rotate to rotate a fault from phase to phase without rewiring
the instrument front panel or relay under test. See Chapter 5 “Basic Test
Procedures”, for an example of how Fault Rotate works.

Fault Rotate works only if the following conditions are met:

e The source configuration must be 3 Voltages ahd8, Ctirrents,
or 3 Voltages and 1 Current. (See "Pre-set Configurations”
on page 3-10 or see Appendix C "Source Configurations”.)

* All voltage sources must be on the same range.
e All current sources must be on the same range.

The Fault Rotate button in the phasor diagram is'grayed out if one or
more of these conditions is not metq

Use a simple A-to-ground fault to try the"Rault Rotate procedure. To
simulate the fault, the voltage VAWdrépsiand the current 11 goes up. For
this example, VA =40 V and & TOW (Table 4.2).

When the fault is rotated, thesfault in A goes to B, the settings in phase B
go to C, and the settings infGgote A:

A—B
B—C
C—oA

When the faultfis gétated, VB = 40 V and 12 = 10 A. Rotated again,
VC =40V and 18,2710 A (Table 4.2). Both the source table and the
phasor diagram teflect these changes.

Table 4.2 Rotation of a Phase-to-Ground Fault

Source | Initial Setup: Faultyin‘\Rhase A | Fault Rotated to Phase B | Fault Rotated to Phase C
VA 40V 0° 69 V 120° 69 V 240°
VB 69 V 240° 40V 0° 69 V 120°
VC 69 ¥V 120° 69V 240° 40V 0°
I 10A 330° 0A 90° 0A 210°
12 0A 210° 10 A 330° 0A 90°
13 0A 90° 0A 210° 10A 330°
4-70 72A-1589 Rev. C 02/01  €4%R\s
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Multiple Phasors O

When Multiple Phasors is checked, all the phasors for a set of voltage or
current sources can be moved by dragging and dropping any orfe of
them. (Each phasor maintains its position relative to th two.) When
dragging the phasors, the source table is contlnuo d, but the

new amplitude and phase angle values are not se 6000
Instrument until the phasor selected is dropped. 5 Figure 4.6,
and Figure 4.7 show a configuration with thre sources and no
current sources. The three figures illustrate %phase angles for VA,
VB, and VC change when the phasor for d ~45° with Multiple
Phasors checked.

Sic Ampliude Phaze  Frequency  Range On Enable a0y

YA fes o [gooo0 =7 = =l .
EIRED R =
¥EJes 120 [e0000 =

oo | 50.000

o5 |45 | 60000

o |ero | &0.000

E [150 | 60.000 = &

L Foiie| e v

Figure 4.5 Q or Three Voltage Sources Separated 120°
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Multiple Phasors

Sz Amplitude Phaze  Frequency  Range [On Enable
VA |es f4538 [e00o0 T = W 9
EIEEER NS E=
YEJes ies3s [eoon =[5 = ml Wl
E o Jenomn Hlrs o 1 _|
[ CE L= | = e
T EC L= | == e
N E ELER= | = e
E |0 oo =75 o | _|

0.04

Figure 4.6 Dotted Lines Show New Position\ef Phasors Before Release

S Amplitude Phaze  Frequency  Range [OnEnable @ a0
YA les |4m38  |enoo0 =7 = M )
EI EEEER BN  EE
YEfes [1es2e [eoonn H[m = y
F— [ [eow JFs 3 k\\
5[5 [eoo o5 /A |
[ [0 [eoom = [_E‘u J
R IERR EEIRE | G
ID ID IED DDDEQ 3 J J FauIch:ltatel
Figure 4.7 Phasors for Three Voltage Sources Shifted ~45°
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Logic and Timer Settings

Click Logic/Timer settings... to bring up the Settings display (Figure 4.8).
The Settings display has four tabs:

* Inputs

¢ Outputs

e Timers

¢ Notes

Inputs Tab

The Inputs tab (Figure 4.8) contains settings for eight logic inputs, one
for each input terminal on the instrundentfront panel. The Inputs tab also
contains controls for the AutoSefisE ahd Threshold options.

Settingz of logic and timer conditionz.

| nputs IDutputsI Timersl Notes I K ¢

|hput Tupe Senze Condition AutoSensE —
1 [ Of>0n 4 ) 7 e
g
2 IF"u:utentiaI | Ifo-}EIn N = E
3 [Poential =] [ows0nd SNy 2] E
£ [Potential =] lnff-y:ln \ | E
X IF'-::tentiaI ""I Bifsln il -
B: Patertial ’ UffeOn j E
= [Potentia :vl Off->0n =l =
& [pordeidl ] [oron hd E
N Threshold————
/ ¥ Off
1.5 Vol & 15 Yol

! k. Cancel | i Help

Figure 4.8 Inputs Tab
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Inputs Tab

NOTE

For each input, choose the Type of input and the Sense Condition:

Type Select Potential or Contact from the pick list.
Sense Condition Select the transition that must occur for the input
to be true.

Each input type, Potential or Contact, has two selectabléssense
conditions. Table 4.3 summarizes these selections fog@‘elaywith
normally open contacts. For normally closed output cofttagts, use inverse
logic (i.e., instead of Off to On, use On to Off).

Table 4.3 Sense Conditions for Input Types

Type of Input Sense Conditions Description
Off - On Relay responds
Potential On — Off Relay drops out
Open — Clase Relay responds
Contact Close — Open Relay drops out

The AutoSensE colupimlies(tothe right of the pick lists. Each logic
input has an Auto$énsEfradio button. Selecting AutoSensE for an

input freezes thessamping variable or variables when the required input
condition is sensed:

The default setting for the AutoSensE feature is Off. To enable the
AutoSensE radio buttons, remove the check mark from the Off box at
the bottom'ef the AutoSensE column.

Locatethe Threshold section beneath the Type and Sense Condition
colimnsLhe Threshold section applies to relays that have potential
presentiat’their terminals.

The threshold setting of 15 V is provided to reduce sensitivity to circuit
noise. Use the 1.5 V setting when the circuit does not have noise present,
olgreater sensitivity to circuit noise is required.

4714
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Outputs Tab

The Outputs tab (Figure 4.9) sets the default contact status for each of the
eight logic outputs on the instrument front panel. Normally opefris the
default contact status for all eight logic outputs in the @Qttputs tab. Click
the desired radio button for each output.

Settings of logic and timer conditions.

L 4
Inputs  Hutputs I Timersl Motes I \\

— Diefault contact status——

Contact Marmnally Marmally

opeEn clozed @
1: v
2
3 \

I
O

iy |
o

aF. Cancel S Help

L A =
0BG B
Cr...
/E'}"}"}'}'}"}"‘}'}

Figure 4.9 Outputs Tab

NoOTE The logic outputs change state with the status of their mapped output
' sources. See ”Input and Output Indicators” on page 4-26.
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Timers Tab
L

Timers Tab

The Timers tab (Figure 4.10) contains functions that define the start and
stop conditions for a particular timer. To set Timer 1, select the first fadio
button under Set timer. The start and stop conditions for ea€h timer are
set individually.

Settings of logic and timer conditions.

w
InpLts I Outputs  Timers | Miotes I ‘\
N4
Set timer: Start condition Stop condition Set tirmer DDHW
147 | | Start o =N
e VL S hd
- | | art wondition:
3| | ﬂiﬁl On =~
44 | | KI On SOUrceE:
O | | O =
- 6 Stop conditian:
' | | |0ff to On =l
7 | | < s»
o | | mv Set | Fezat
Q Ok, Cancel Sy Help
Figure 4.10 Timers Tab
4-76 72A-1589 Rev. C 02/01  €4%R\s

;



F6000 Family of Power System Simulators User Guide

Define Triggers If a start condition or a stop condition requires an input signal from the
relay under test or from any other source, specify the input via the
Triggers display (Figure 4.11). To open the Triggers display, click Define
triggers... in the Timers tab.

Triggers

Trigger Hame

1. Setf... Trigger 1

2 Setf... Trigger 2

3 Setf... Trigger 3

ONY
4: Setf... Trigger 4 W

& Set... Trigger 5 |

B Set.. Trigger & '

L& Set... Trigger # y

8 Setf... ITrigger a

Figure 4.11 Triggers Display
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Timers Tab

Click Set... for Trigger 1 in the Triggers display to open Set Trigger

Logic (Figure 4.12). Use the Set Trigger Logic display to select the inputs
needed to make the trigger true. For instance, click 1 under Choose input
to put In1 in the Logic field.

Set Trigger Logic ) _
C

hooze input;
1 bl ask operator ——
2 [F and € Or
J Logic:
— |
- s
E 4
[elete&st y [ErEUEinEtE
¥
a
™ Mat Inpub Cancel |

Figure'4.12 Set Trigger Logic

Multiple inputs cambe'eonfigured as a trigger logic setting by using
Boolean operaterswith the inputs. The Boolean operators used are
And (*), Or (+)pad Not (~). To put more than one input in the Logic
field, selectdAnd,0FOr under Mask Operator to connect them logically.

e Cenneeting the logic inputs with the And operator requires that
all the,inputs be true to assert the trigger.

s, Connecting the logic inputs with the Or operator requires that
any of the inputs be true to assert the trigger.

Cliek the Not Input checkbox to place a tilde (~) before a logic input. In
this case, the trigger is asserted when the logic input is not true.

4-18
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|

In the Set Trigger Logic display, select the And operator (*) or theyOr
operator (+) under Mask Operator to set the logical relationship for two
or more inputs. These three examples illustrate the logic for three distinct

triggers:

In1*In2 The trigger is asserted when dgothufAput 1 and
Input 2 are true.

In1+In2 The trigger is asserted whef either Input 1 or
Input 2 is true.

In1*~In2 The trigger is asserted When/hput 1 is true and

Input 2 is not true.

Click Group inputs to place parentheses areund a series of inputs in the
Logic field. Then select a group operatar torset the logical relationship
between the group and another iaput akgroup of inputs. For example:

(INT*IN2*IN3*IN4*IN5*IN6*InZ)=In8

The thiggeris asserted when Inputs 1 through 7 are
truefor When Input 8 is true.

(InT+In2+In3+In4+In5#m6+7)*IN8

The trigger is asserted when one of the first seven
inputs is true, and Input 8 is true.

Three restrictiens ‘gevern the formation of logical expressions that use a
group operater:

e The'mask operator for all of the inputs inside the parentheses
must be'the same.

* 4. The group operator outside the parentheses must be the opposite
ofithe mask operator inside the parentheses.

Click'Delete last to delete the last input entered in the Logic field. To
€lear@ll the inputs from the Logic field, click Delete last until all the
inputs are deleted.
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Timers Tab

Set Timer Click OK to close the Set Trigger Logic display. The text in the Logic field
Conditions of the Set Trigger Logic display appears in the Trigger Logic field of the
Triggers display (Figure 4.13).

Triggers [ x| |

Trigger Mame Trigger [
i oet. il |Trgger Il o~

2 Trigger 2 \T'
3 Trigger 3 N

4: Trigger 4 m

5[ Get | [Tiaoers | NN

E: Set... Trigger & @

i Set... Trigger ¥ §

g: Set... Trigger & ‘ﬂ
v ‘— —"~ 4

)4 Cancel

Figuce 4.13 Trigger Logic Set for Trigger 1
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NoOTE

Click OK to close the Triggers display and return to the Timers tab
(Figure 4.10 on page 4-16). The trigger named Trigger 1 appears in both
the Start on source and the Stop on source pick lists.

Start on source

Start condition

Stop on source

Stop condition

The Start on source pick list contaims the voltage
and current sources from theisoureé table, plus the
defined triggers. Click the sourceoftrigger in the
list required by the test protocok

The Start condition pick ist centains three events
or transitions: Off to Qr, Onto Off, and On
Change. The On Change@eption permits time tests
that are initiated when there is a step change in the
selected sourcegvagiables. Click the start condition
required by the tgst protocol. When the source or
trigger seleeted, in"Start on source meets the
specifiedystar,condition, the timer starts.

The Stop o source pick list contains the voltage
and @urrept sources from the source table, plus the
defined triggers. Select the source or trigger from
the list required by the test protocol.

ThesStop condiition pick list contains two events or
transitions — Off to On, and On to Off. Click the
stop condition required by the test protocol. When
the source or trigger selected in Stop on source
meets the specified stop condition, the timer stops.

The timer start and stop conditions apply only to the voltage and
current sources. If a trigger is selected in Start on source, the Start
conditionpick list is grayed out. Similarly, if a trigger is selected in Stop
on souirce, the Stop condition pick list is grayed out.

GV 72A-1589 Rev. C 02/01
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Timers Tab

Set and Reset

After selecting the desired entries from all four pick lists in the Timers'tab,
click Set. The start condition defined in the first two pick lists appears in
the Start condition field in Figure 4.14. The stop condition defined ip
the third and fourth pick lists appears in the Stop condition field in
Figure 4.14.

Settingz of logic and timer conditions.

| o
Inputs I Outputs  Timers | Motes I : \

Start condition Stop condition — Set tirmer EDHW
Start ;
i, Off ta On VB Off to On TR

Set timer:
1.0+
2
3
4™
g
B
7l
g

et ()
Sk\Nﬁn:

@f Faln

|

|

|

| 2

| \|ua
|

|

|

ar 20Urce:

Stop condition;

|0t to On

RFezet

|
|
|
|
|
| )
| S
| 0>

y _4

N
Drefine mggé ’ |

O

k. | Cancel Apply Help

Figure 4.14 Start and Stop Conditions Set in the Timers Tab

To redefine the start and stop conditions for a timer, click the radio button
for that timer. Then click Reset in the Set timer condlitions section. The
Start condlition and Stop condition fields for that timer go blank, and new
conditions from the pick lists can be selected.

4-22
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Notes Tab

Use the Notes tab (Figure 4.15) to document any part of a test setup

or test procedure by typing in text. For example, the Notes tab can be
used to record timer conditions in the Timers tab, triggefs defined in the
Triggers display, or the reasons for key settings. WHep ins§imulator mode,
the settings for a test can be entered, saved, and sent téa technician in
the field. The field technician can then use the information in the Notes
tab to set up and conduct the test.

Settings of logic and timer conditions.

Inputsl I:Iutputsl Timers Motes | A

Maotes [this text iz 2aved in the  fBw file): 0

<
Rarmp current zources 11 and |2 for the firgt pickup test.
Usze Timer 1 for the second pickup test]

N
4

N
®C)
L‘\ ak. Cancel Epplie Help

Figure 4.15 Notes Tab
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Timers

Timers

NoOTE

The Timers section contains readouts for eight timers (Figure 4.16).
Using logic inputs and logic outputs, time tests are possible for up to
eight separate events. The timers allow configuration of thé logic inputs
and outputs for specific relays or for an entire protection,scheme. For
example, use the timers to measure pickup and dropout times for relay
under tests. Use any timer with any source, any input of oltput, and any
trigger.

- Tirmerz / o

R unning

5 :

E:

i @' ®  Stopped
a

mSec. * Sé H:_lrnjeg St'z'El Reset

A v

T

Figure4.16 Timers Section

During a simple‘test ofian overcurrent relay, the timer starts when the
source turns on and Steps when the relay responds. The timer therefore
measures the résponse time of the relay.

Active timers have white fields. The initial reading for an active timer is
0.00 secends;lf'the settings for a timer have not been defined in the
Timers tab, the readout for that timer is gray scaled. All of the timers
are'idactive when Ramp mode is selected.

424
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Timing Status

Timer Controls

Measurement Units

The Timers section contains three Timing Status lights that function for
any and all timers:

Reset Active timers are reset to 0.00.
Running Time test is in progress.
Stopped Relay has responded. Timef shows elapsed time in

milliseconds, seconds, ofcydcles.

When System Output is clicked, the enablethsources turn on and the
enabled timers start. If the timer Stop buttgn‘is,then clicked, these sources
are switched off and the System Output button returns to its previous
status.

Click Stop to stop timers that havémet stopped due to a pre-defined stop
condition. Click Reset to retugn albthe active timers to 0.00.

If Stop is clicked while theitimer is running, NO-OP appears in the field
for that timer. NO-OPgmeans No Operation. It appears in the timer
readout after an upsuccgssful or an interrupted test. For example, when a
timer is startedand then stopped manually during a test, NO-OP appears
in the timer field¥e€cause the relay under test did not respond.

Set the ppeasugement units for the timers with the radio buttons located
along the bottom of the Timers section. The options are milliseconds,
seconds, aRd cycles. The default selection is Seconds (Sec.).

Jo measure the elapsed time in milliseconds, click the radio button for
mSec, To measure the number of cycles that elapse during a test, click
théiradio button for Cycles. For example, if the default system frequency
of60 Hz is set, the timer shows 90 cycles for a time test that

lasts 1.5 seconds.
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Input and Output Indicators

Input and Output Indicators O

The Control Panel contains a status indicator for each logic output and

each logic input. The status indicators are numbered 1 through 8 fréin
left to right (Figure 4.17). é

Status Indicators \

‘ Output Number or Input Number
|

Figure 4.17 Out l@ Status Indicators
O

Each power source maps to i€ output and one logic input. The

mapping of sources to inp utputs depends on the source

configuration in effect. T ing rule assigns the inputs and outputs
urces’i

to voltage and curr n ascending order first from left to right,

then from top to . Figure 4.18, Figure 4.19, and Figure 4.20
illustrate how th rks for three common source configurations.
Sources \ V3 11 12 I3

Indicaters 2 3 4 5 6

Sourc VN IN

Indica 7 8

4.18 Input and Output Indicators for Four Voltage Sources and
Four Current Sources

N
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Sources VA1 V2 V3 11 12 13
Indicators 1 2 3 4 5 6

Figure 4.19 Input and Output Indicators for Three Voltage Sources
and Three Current Sources

Sources 11 12 13
Indicators 1 2 3
Sources 14 15 16
Indicators 4 5 6

Figure 4.20 Input and Output Indicators for Six Current Sources

NoTE If a ProTesT macro,specifies'source MA, the macro uses Input 1 and
Output 1.

o A logic outpug,gives the F6000 the ability to send out its own signal. It is
a logical relay that opens or closes its contacts when its associated source
goes on. The guigput is in its normal state when the source is off. A
normally,epen output contact closes when the source is turned on and its
correspondifg status indicator illuminates.

NoTE Thedlogie outputs can also be controlled in SSIMUL macro on a state to
staterbasis. In this macro, the logic outputs are associated with the
! appropriate output sources (for example, VAI1). See the ProTesT Macro

Reference in the ProTesT User Guide (72A-1585).

Alogic input is a signal that originates with the relay under test and is
sent to the instrument. Any trigger necessary to run a test can be
programmed as a logic input. See "Define Triggers” on page 4-17 for
examples of how to use logic inputs in actual tests.
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Battery Simulator
L]

Battery Simulator

Locate the Battery section (Figure 4.21) in the lower left-hand corner of
the Control Panel. If the test protocol requires a DC voltage supply, tise
the pick list under Battery to set the voltage of the source. Fhe.@ptions on
the list are: 48V, 125V, and 250 V DC.

B atteny
st
N

Figure 4.21 Battery"Section

Click the button to the left of the picklist.tofoggle the battery simulator
on and off. The battery simulatofthas tRe following operating
characteristics:

e When using the F6000fContgol Panel, the battery simulator
provides continuous output while the user conducts tests or
changes logic andftimer,configurations.

e When usingProflesTitest plans, the battery simulator provides
continuousfeutput when either the F6000 Control Panel or the
F6000 Cénfiguration display is selected, or when a third party
application external to ProTesT is run.

e The battery simulator switches off if ProTesT is shut down or if
comaunication with the F6000 Instrument is lost.

WARNING Care should\be taken when using the battery simulator as it is capable

Q of up td 250,y DC at 60 Watts.

4-28
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Saving the F6000 Control Panel Configuration

To save a setup on the Control Panel, click File|Save in the ProTesT
menu bar. To save a setup under a new name, click File | Save AS.
ProTesT saves the new information on the Control Pangl insan .fox file.
The default settings for the Control panel are savedtig a%filenamed
default.f6x. The Control Panel uses the settings in this file when it first
opens.

Summary

The Control Panel provides full control @ver each voltage and current
source, and maximum flexibility in preparing for and conducting tests of
protective relays:

e Pre-programmed and usersdefined ramp values eliminate manual
errors in testing. ThegAutoSensE feature simplifies testing and
eliminates errors.

e The phasor diagrans'shews source table settings in real time and
allows the draggingsand dropping of phasors to reset source table
values.

e The FaulyRetate(feature makes efficient testing of three-phase
relays possible.

e The éightindividual timers enable measurements of eight
different timed events.

G 72A-1589 Rev. C 02/01 429






5. Basic Test Procedures

The test procedures in this chapter introduce the vagiots’controls on

the F6000 Control Panel. Complete the basic setup,progedure in ”Setup
and Configuration” on page 3-1 before conducting these tests. The
following example uses an instantaneous overeurrentgrelay and assumes
the following:

e The relay tap is set for greater thag”5%A bt less than 10 A.
* The relay has low burden charactesistics.
e The relay output contact is ngrmally. open.

e The relay is electromechanieal and does not require the use of the
battery simulator.

WARNING The high intensity yellow LED flashes when the battery simulator or any
output source is on or enabledito,indicate the potential for dangerous or
fatal voltages.

Prepare for a Pickup Test

1. Connect the instantaneous overcurrent relay to current source 11 and
logic input, T"@n the instrument front panel.

2. Turn the 6000 Instrument on.

3. Start ProfesT.

Jo'eonfirm that ProTesT is set up correctly, follow steps 4 to 6. If you
are sure the setup is correct, proceed to step 7.

4. “€lick Setup in the ProTesT menu bar to open the Setup display
(Figure 3.3 on page 3-5).

5.  Verify that communications between the PC and the
F6000 Instrument are set up properly. Under Connect with,
click the Serial or Ethernet radio button, as appropriate.

NOTE For a serial connection, enter the correct Comm Port (1 through 4).
The baud rate for a serial connection must be 57,600 baud per second.
! For an Ethernet connection, verify that the IP Address in the Setup

display correctly corresponds to the IP Address in the F6000 Instrument
Display.

6. Click OK to close the Setup display.
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Prepare for a Pickup Test

7. Click Tools | F6000 Configuration in the menu bar at the top of the
Control Panel.

The F6000 Configuration display appears (Figure 5.1).

8. \Verify that current source |1 on the instrument front pariel.is
connected to the relay under test. Locate current sourcel] in the
Configuration display — it is the fourth source fromsthe'eft in the top
row — and verify that the lead from the relay goes$ tofthersame
terminal on the instrument front panel.

9. Click OK to close the Configuration display.

F&O000 Configuration

Numhgr af Iﬁ

Caonvertible %/ Sources
|7 FOLICE

5 [ IO | N ) A 8 A

I’\

l

4 Fre-zet Configurations
|4 Woltages and 4 Currents j
Threzhold :
’7 ) 5t O L5l : Show Source Summary »>

k. | Carcel Apply |

Figure 5.1 Configuration Display

5-2
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Control Panel Operations
Use the F6000 Control Panel to carry out a simple pickup test:

e Set up the source table to use I1 as the active soukce.

e Use the Inputs tab of the Settings display to,defing’the sense
condition.

e Select the settings needed for the test in the Ramp/Set sources
section.

e Activate 11, and increase the currentuntil'the relay responds.

To begin the test:
1. Click Tools | F6000 Control Panel in the top menu bar.
The F6000 Control Panel appears (Figure 5.2).

44 ProTezT - [Untitled]
=l File Edit Setup “iew Tool: ‘indow Help . _|5’|5|
e L P L AL R PAT 4, O
Sz Amplitude Phaze  Frequency  Range Ok Enabl A a0y
VA Jes |0 {0000 =75 =
EIRET EEE= - L]
VC [e3 [0 [eoom = [7m =il m
o o [eoooo =][s _Eﬁ‘g
n |5 [30  |e0000 = [ N W
B [z70 | eo.o00e Y5 E n m
2[5 50 [eooo0goNes = =l m
b E AR s e ] -
—Ramp/Set sources, — A & — Timers
& |Rat elta'step: — Change Timing Statuz
Ramp/Set: ] : : d
IS x " Phaze I: I 0.00 5 I Rezet
L0 & Amplitude & I = I & Running
vBE M2 " Frequency 3 I v I & Stopped
/v | et 4: I 3 I
N v Stare | FEEQaIIl i O S e e Stu:ugl Eesetl
Batey Logic & Ti System Oupyt ® ® & & & & & @
oaic & Timer I
_“*E‘v’ :I' Ee?tings... Output Abort |nL|i.LT¢J e & & & & & & ®
&elp, prezz F1 |_|

Figure 5.2 F6000 Control Panel
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Source Table

Source Table

2. Set the range for current source I1 at 15.

3. Verify that 5 is the amplitude of current source I1 in the source table.

The source table should appear as it does in Figure,5.3,

44 ProTesT - [Untitled]
=l File Edit Setup Wiew Toolk Window Help ;lilﬂ
= e e R R e e P
Sic Amplitude Phaze  Frequency  Range (OnEnable 15.04 5.0
YA les o ER= I E=
EIREIER= I EE=
YEfes [rzo [eoooo H[s = ml ml
oo ER= I E=
o5 fso feooo0 Hhs = m E
R EEER= =
2[5 [is0 [eoon =75 = = = m
0 0 E0.O0 =575 = N Multiple
I I I jl j E M_Ich:utate Phasars |_
—Ramp/Set sources: J Timners
: ;lFiate or Delta step: — Change Timinig Status
Ramp/Set ; — J |- I 0.00 5 I =N
ya W 1 W < I B I ® Running
vE V¥ 12 W 4 3:| ¥ I & Stopped
Vo V13 IV . W 4 B
VN IN 4 ZA | e ses. @ see € gyces _Ston | Besel
—Battem——— ; h N
[ =l Logic & T Shstemn | apon Qupst ® ® & @ @ o & @
_| 48 hd Settinga? ”UtDUt - |nput: L ] L L L L L L L
|F|:|r Help, preszz F1 P |_|
Figure 5.3 Source Table Settings for the Pickup Test
NoOTE Use the minimum range setting that accommodates the maximum

amplitude required.
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Settings

Display

Click Logic/Timer settings... in the lower left-hand portion of the
Control Panel (Figure 5.3).

The Inputs tab of the Settings display appears. Figure 4¢8
on page 4-13 shows the default settings for the TAputs tab.

Uncheck the Off checkbox below the radio bittons t6 enable the
AutoSensE feature.

Click the AutoSensE radio button for Input 1.

7. Select Contact from the pick list undef Tye.

Leave Open — Close as the defaulgSense Condition.

Click OK to close the Settings display.

Settings of logic and timer conditions.

Inputs | Outputs | Timers | Motes |
nput Type Sense Condition S AutoSensE —
1. [Contact x| [Open>Closes” § B
2 |Potential x| [0ff>0n 4 N0 T *
% |Potential x| [Off->0n, _‘_J -] e
& [Patentil =] L
5 [Patental ] .
B |Potential | =] L
7 |Patentialf ¥ ] L
Pntentlalﬁ [0if>0n =] L
NS Theshoid
<! P isva e | | TR
\ oK Cancel | fpply Help

Figure 5.4 Inputs Tab of the Settings Display
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Ramp/Set Sources

Ramp/Set Sources

The Ramp/Set sources section is located underneath the source table in

the Control Panel (Figure 5.3 on page 5-4).

9. Click the radio button for Ramp mode.
10. Click the radio button for Amplitude.
11. Select the ramp rate from the Rate or Delta step pick ist.

For this example the ramp rate is set for .1 A per'secéhd. This value is
user selectable and should provide sufficientWesolution to determine

the relay’s operating characteristic with rgspegt to tolerances.

12. Remove the checkmark from every source¥except current source 11.

After completing steps 9 through 12thesRampy/Set sources section
appears as shown in Figure 5.5.

44 ProTesT - [Untitled]

=l File Edit Setup “iew Tools

Window  Help

Gl 0 e | ] ] 2

w

Src Amplitude Phaze Frequency  HRange OnE
Y& Jea o [Goo00 =75 =
{3 fa40  fe0o00 s =
Vefea [0 Jeoom Hfm =
oo [B0.000 = |75 :Jf
nf5 a0 |s0.000 j]ﬁﬁ
[s  fero | e0.ooo 5 e, =
1345|150 [e0.000 &N75
o [0 [eooooreg] 7S
V alld
—Ramp/Set zources: e |
Ramp/Set : ;IH%: Elreree
% 1 v " Phase
S * Amplitude
" Frequency

Store | Flegalll

5.0Y

Eault Fotate |

k ultiple
Phaszars r

— Timers
Timing Status
X I 0.00 5 I Reset
z I E: I & Bunning
& I i I @ Stopped
4 g I

 mSec. % Sec. € Cycles Stﬂﬂl Besetl

Logic & Timer Spstem | apont Oupyt ® & & & & & & &
Settings... Output - hpu: ® & & & & & & @

Figure 5.5 Settings in the Ramp/Set Sources Section
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Conduct the Test O

WARNING The high intensity yellow LED flashes when the battery simulator or any
output source is on or enabled to indicate the potential for dangérous or
fatal voltages.

13. Click the On button for current source I1 (see N@

on page 5-6).
The On button in the source table turns re Logic Output

indicator light for this source turns red.

14. Click and hold the Ramp/Set up arro@ e relay responds.

The indicator light for Logic Input 1 t green.
Since AutoSensE is enabled, the de for 11 stops ramping
when the relay responds, an e is frozen at the pickup value.

15. Click the red On button nt'source I1 in the source table to

turn 11 off. \

>
N
NI

L 4

Q
o
&
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Time Test

Time Test

NOTE

4t ProTesT - [Untitled]

=l File Edit Setup Wiew Toolz “Window Help !

Next, conduct a time test with the same relay. For this test, the phase
angles for I1, 12, and 13 are 330°, 210°, and 90° respectively. Use a timer
to determine how long the relay takes to close after the cufrenthas been
applied.

1. Set the range for current source I1 at 15.
2. Enter 10 for the amplitude of current source 11,

3. Click the radio button for Set mode in the Ramp/Set sources section.

The timers operate only when the sources are ilSet mode, not in
Ramp mode.

4. Click the radio button for mSec.4n the flimers section.

The Control Panel appears as it does in Rigure 5.6.

=181 %]

2 = el A e o A e S

Src Amplitude Phase Freguency  Range (On ’ 1 72.0Y
YA e [0 [Go.o00 = |75
[e3 J2a0 [e0oon =75 Ny I
Vo fea iz [eoom H[m = ' *
oo {0000 =frs = -
i [io [z | [eoom il|15_é: :F [ ] 2
[s Jzi0 [eooon =}[7s E |
3 5 oo [eoow His = = m .
ID ID IED 0an E.E?E 5 L FagltHu:utatel E#:glﬁs [
—Ramp/Set sources: — Timerz
_ : — Change Timing Statuz
Ramp/Set ; € Phose 1 I 5 I .
= Amplitude & I & I @ Runring
" Frequency 3 I 7 I @ Stopped
4 I a I
Store | Hegalll &+ mSeci © Sec. () Cycles St':'El BESEtl
L ——— L=
Logic & Timer | Swstem | apoy Oupy ® & & & & & & »
| 4 hi Settings... Output | = hput ® ® ® & & & & @
|m, press F1 ’_l

Figure 5.6 Source Table Settings for Time Test
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5. Click the Logic & Timer Settings button on the Control Panel

(Figure 5.6).

The Inputs tab of the Settings display appears (Figure 5.7). Use

Input 1 for this test.

Settings of logic and timer conditions.

Inputs ||:Iut|:|ut3| Timersl Maotes I

Inpit
1:
2
&

Type Senze Condition
Imvl Il:lpen-}liln:use j O
|Potential =] |Oft->0n =] f{b
|Potential =] |0t 0n =]
|Potential =] |Ott0n =] i
|Potential =] |0ff>0n ] A r
|Potential =] |0ff>0n .
|Potential =] Jotson £ J = -
[Potertial =] [of>0n N, % 7] .
—Threshcul#

¢ 1.5vol C ’%u "

®

— AutoSenskE 0

N

Apli

Help

§ oK. Cancel |

Figure 5.7 Inputs Tab

6. Select Contact from the pick list under Type.

Leave Open — Close as the default Sense Condition.

The start and stop conditions for the timer are defined in the Timers

tab. The start condition for this test is true when the current source |1
turns on. The stop condition is true when the defined trigger is
asserted. The trigger is asserted when the relay under test responds.

GV 72A-1589 Rev. C 02/01
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Time Test

7. Click Timers to open the Timers tab of the Settings display
(Figure 5.8).

8. Click the radio button for Timer 1 in the Set timer column.

Settings of logic and timer conditions.

[npLits I Outputz  Timers | Motes I m
Y%
Set timer; Start condition Stop condition — Set timer condition ¥
1.6 | | Start on sour V
. =]
2 | | St rtu:
cil | | I-Eﬁtn kln j
40 | | ﬁ?snurce
B | | l""'lvE J
Stap conditian;
Bl
| | r [0 to On |
7| e,
o | | «’ Set | Hezet
BN,
x& k. | Cancel i Help
Figure 5.8 Timers Tab
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9. Click Define triggers... (Figure 5.8).
The Triggers display appears (Figure 5.9).

Triggers
[ 4
Trigger Mame Trigaer ?E

L2 | I i I z N I
Set.. Trigger & )
B Set.. | ITriggerE qs .b

i Setb.. | Trigger 7 ﬁ .

8 Set.. | |Trigger8 '#

N
NS

Figure 5.9 Triggers Display

)

0k, Cancel
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Time Test

10. Click Set... for Trigger 1 (Figure 5.9).
The Set Trigger Logic display appears (Figure 5.10).

Set Trigger Logic

Chooze input;

M azk operator —— - Group operatal
[Fﬂndrﬂr [F.&nd

Logic:

«UW T

ENE inputs |

[T Mot Input Iy ﬂl

Figure 5.10 Set Trigger Logic

[elete (st

11. Click 1 under Cheese"irput.
In1 appears indhe Logic field (Figure 5.11).

Set Trigger Logic |
tazk operator —— — Group aperatar:
(Fﬂmdrﬂr (Fﬁnd If"l:lr_‘
[
~ _3 Logic:
4
—— |
5
: Delete lazt | Group inputs |
7
8
Mat Input Ok | Cancel |

Figure 5.11 Trigger Logic Set for Input 1

12. Click OK to close the Set Trigger Logic display.

5-12 72A-1589 Rev. C 02/01  €4%R\s

;



F6000 Family of Power System Simulators User Guide

13. Verify that In1 appears in the Trigger Logic column of the Triggers
display (Figure 5.12).

Trigger Mame

ITrlgger‘I ||r-,-| he
2 | ITnggerE I
| ITnggerS I -\)
|
|

(A5

£=

Set | ITngger 4
X Set | ITngger 4]

| ITngger 7
g | ITngger ?_ r

! Z) 0k, Cancel

Figure 5.12 Verify Trigger Logic

14. Click OKste clase the Triggers display.
The Tinvers tab of the Settings display is now the active window.

15.dn the Setitimer conditions section of the Settings display, select I1
from theStart on Source pick list.

Leave the Start condition as Off to On.
16. Select Trigger 1 from the Stop on Source pick list.
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Time Test

17.Click Set (Figure 5.12).

IT Off to On appears in the Start Condition column, and Trigger 1
appears in the Stop Condition column (Figure 5.13).

Settings of logic and timer conditions.

Inputsl Outputs  Timers | Maotes I A
L
Set timer: Start condition Stop condition — Set timer conditions: Ag
Start :
¥ | HOfeOn | Triggerd o S””":E“ %
11 o
2 _
| | Start CD@
| | [Diftg O =
AN, 4
41 | | Stop \ce:
e | | Tuigaer -
G ondition:
' | | Off ta On ¥
Fi | |
g | |
D efing triggers. .
P ] | Cancel Apply Help
Figure 5.13 Start and Stop Condition Definitions for Timer 1
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et ProTesT - [Untitled]
=l Fil= Edi

18. Click OK to close the Settings display (Figure 5.13).

Timer 1 in the Control Panel is now enabled, with mSec. as the
selection for the measurement units (Figure 5.14).

Setup Wiew Tools

Wfindow

Help

2= N e P e S PR 24

=18 x|

Src Amplitude Phase  Freguency Range On Enable 1504 a0y
VA Jea o [0 =5 = = =
I ED = =
VEJes [0 [eoonn =H[s = il W
o o fenooo S5 = M M
o fa0  Jenooo =15 = B M
E EE == | =
3 fs  Jao feoooo H[rs = ml
oo [B0.000 =75 =] M| M Y. Fotate Eﬁgm -
— Ramp/Set zources: € F  Timers
Ramp/Set ;HaltimDE“EjEp' E:f” ) 1. [ 00 | s | T'mm,g:‘::tus_
va 1 1 W < I & I # FRunring
ve 12 [T 3 I 7 I @ Stopped
wvo 13 [ 4 &
YW N {* mSec.  Sec. { Cucles St':'El Beset
- Battey — Oupst ® ® & ® & & ® @
_II*"E"” I lhputt ® ® & & & & & @
|F|:|r Help, press F1 I_

Figure 5.14 Timer 1 Enabled on the Control Panel
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Time Test

—O

19. Click the Enable button for current source I1. O

The button turns green to indicate the source is enabled.

WARNING The high intensity yellow LED flashes when the battery simulator o?any
output source is on or enabled to indicate the potential fo rous or
fatal voltages.

20. Click System Output to turn |1 on. @

The System Output button turns red and thetimer/starts. When the
relay responds, the timer stops and the e e appears in the
field for Timer 1. System Output is automatically switched off when

the timer stops.
21. Click Reset to reset Timer 1 to O:

L 4

Q
o
&
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Fault Rotate

Fault rotate assumes that the relay under test is three-phase, or a system
of three single-phase relays. Ensure relay connections for current’sources
12 and 13, and for logic input 1.

The Fault Rotate feature on the Control Panel allows%a, fault’to be
rotated from one phase to the next. Use a currentfélay With a tap value
of 5 A and set the fault current in source 11 at 10%A£See the source table
in Figure 5.15 on page 5-18.

To rotate this fault through all three phases,follew these steps:

1.

Click Tools | F6000 Configuration in‘the ProTesT menu bar.
The Configuration display appeafs (Figure 5.1 on page 5-2).

Select 3 Voltages and 3 Currents fromi'the Pre-set Configurations pick
list.

Click OK to apply the eonfiguration to the instrument and close the
display.

The Control Panel is,again the active window.

In the source table; incréase the range for current sources 11, 12, and
I3 from 7.5 A'to]15 A

Verify thag theault Rotate button in the phasor diagram is active.

If the Faulg,Rotate button is grayed out, verify that 3 Voltages and
3 Currentsfisithe selected source configuration. Also verify that all
thregsvoltagé sources have a range of 75V, and all three current
sourges have a range of 15 A.

Forthis example the voltage sources are not required.
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++ ProTesT - [Untitled]

=l File Edit Setup “iew Toolz ‘window Help o~ -|7] x|

The Control Panel appears as it does in Figure 5.15.

=1 E3

o | e Nt o A 3 A 38 PR L4

S Amplitude Phaze

Frequency  Range 0On Enable 1504 @ a0

VA les o ==
EIEC = =
YElgs o Jeoooo Hfs = ml m
jo o Jeooon =S5 H | _|
0 fza0  |eooo0 =15 = W M
5 |20 feoooo s = W .l
3]s Joo |eooon =5 = w9
- = - A 5
oo jeooon Hrs H | _| F 4 rﬁwm m
— Ramp/Set sources: i =
_ Fate or Delta step: Timing Status
R : :
amp/Set ~1 [ =] wf 000 5 | Pt
ya w 11 ¥ < I & I & Running
vBE Vv 12 rhi':'de_ \ & I 7 I & Stopped
R EE e g a
P AP % mSec. © Sec. O Cycles St':'El EESEtl
—Batteny——— ; ;
Loagic & Timer Ouput ® & & & & & & &
_“45"»“’ "I Settings... lnpu: ® ® & & & @& & ®
|Fn:|r Help, presz F1 |_|

WARNING

AN

Figure 5.15 Initial Setup for the Fault Rotate Test

6., Click the Enable button for current sources 11, 12, and 13.

The high intensity yellow LED flashes when the battery simulator or any
output source is on or enabled to indicate the potential for dangerous or
fatal voltages.

7. Click System Output to turn the current sources on.
When the relay responds, the indicator light for Input 1 turns green.

8. Click System Output to turn the current sources off.

5-18
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9. Click Fault Rotate to go to the second fault configuration.

The overcurrent fault rotates to current source 12 in the source table
(Figure 5.16).

et ProTesT - [Untitled]
=l Fil= Edit Setup Wiew Toolz Window Help
e e o e o A e RS N [ (
Sic Amplitude Phaze  Freguency  Range OnEnable 1504 a0y
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VEfea 240 [eoooo H[rs = ml ml ®
" o E [eooon H[s = | _| - GI
nofs a0 Jenom Hs = W m -
1o |30 |enoon =15 = Wl M
305 J2i0 |enooo =15 = w9
jo o [ooo0 Hrs =< _| :ﬂ rﬁwm -
— Hamp/Set zources: £ 5
Ramp/Set : ; HaltimDE“‘iEp' E:f'” ) 1 I .00 G, I TII'I'IIHIQ:‘ :::us—
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wE ¥ 12 2t I I I % Stopped
o I “ B
I * mSec. € Sec. O Cucles St':'El Beset
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|F|:|r Help, presz F1 |_|

Figure 5.16 Fault Rotated to 12

10. Click System Output to turn the current sources on.
When the relay responds, the indicator light for Input 1 turns red.

11. Click System Output to turn the current sources off.

G 72A-1589 Rev. C 02/01 519



Fault Rotate

12. Click Fault Rotate to go to the third fault configuration (overcurrent
in13).

The overcurrent fault rotates to 13 in the source table (Figure 5.1%.)

e ProTesT - [Untitled]
=l File Edit Setup “iew Took ‘wWindow Help
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Figure 5.17 Fault Rotated to I3

13. Click System Output to turn the current sources on.
When the relay responds, the indicator light for Input 1 turns red.

14. Click System Output to turn the current sources off.
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|

The last test in this series of examples is a reach test. Connect the test
relay to voltage sources VA and VB and to logic input 1 on the inStrument

front panel.

To configure the sources for the test:

1. Click Tools | F6000 Configuration in the men@ bawat the top of the

Control Panel.

The F6000 Configuration display appearsy(Figure 5.18).

2. Select 3 Voltages and 3 Currents in thie Pre-set Configurations

drop-down list.

3. Click OK to close the Configuration display.

Figure 5.19 on page 5-23 showstthe Correct source configuration.

Cornvertible 4/

MHumber of
FOLIMCE

MHumber of I 3 — I

SOUTCE;

|' Current Sources

Current Sources

Pre-zet Configurations

|3 Yoltages: and 3 Currents j

" Threzhold

) 5y at 1 55l Show Source Summarny > > |

Cancel | Apply |

Figure 5.18 Configuration Display
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Source Table

—O

Use the F6000 Control Panel to carry out the reach test. The test app@
an AB fault to a distance relay:

 Set up the source table to use VA and VB as the active sources.
e Use the Inputs tab of the Settings display to define%nse

section.

e Activate VA and VB, and decrease the volt
responds.

Source Table Q
To begin the test, type the required settir% e source table of the

Control Panel:

condition.
e Select the settings needed for the test in the R@ sources
t

he relay

1. Click Tools | F6000 Control

el top menu bar.
The F6000 Control Panel appe gure 5.2 on page 5-3).

2. Type these settings into the A ude column of the source table
(IT and 12 keep their d ttings):
VA =30
VB =30
VC =67 \
13=0

3. Typethe s into the Phase column of the source table (VA, VB,
anc‘VC@l eir default settings):

@source table should appear as it does in Figure 5.19

\Qon page 5-23.
L 4
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ot ProTesT - [Untitled]
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Figure 5.19 Source Table Settings for the Reach Test
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|

Settings Display
4. Click Logic/Timer settings... in the lower left-hand portion of the
Control Panel (Figure 5.19).

The Inputs tab of the Settings display appears. Figure 4.8
on page 4-13 shows the default settings for the Inputs,tab,

5. Uncheck the Off checkbox below the radio buttohs te.enable the
AutoSensE feature.

6. Click the AutoSensE radio button for Input 1e
7. Select Contact from the pick list under Type!

Leave Open — Close as the default Semase‘€ondition.
8. Click OK to close the Settings display.

Settingz of logic and timer conditions. |

Inputs IDutputsI Timersl MNaotes I

7
4
[npit Type Senze Condition ¢ toSensE —
1: IEDntan::t j IDpen-}EInse 4 s ? «

2 |Potentisl ] [0f-0n
3 |Potential ] [0f0n >

e

| W AR 4

Le

4 |Potentisl ] [0f-0n

5: - I 'rI
b

G IF'l:utentiaI "I 1'I:If_f-}Eln_

s

IF'l:utentiaI "i
a: IF'u:utngntiaI_ a'

Oty On

=
=
[Fotential =] [0f-30m, " .
=
=
=

L L L

Qff->0n
hrezhold

\‘u‘nlt = 15al o
D 4
\ L 4 Q. Cancel | Apply Help
Figure 5.20 Inputs Tab of the Settings Display
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Ramp/Set Sources O

The Ramp/Set sources section is located below the source table in the
Control Panel (Figure 5.19 on page 5-23). L4

9. Click the radio button for Ramp mode. %
10. Click the radio button for Amplitude. \
11. Select .1 for the ramp rate from the Rate or L%p pick list.
12. Remove the checkmark from VC, I1, 12, andN3.
VA and VB remain active sources.

After completing steps 9 through 12, thesRamp/Set sources section
appears as shown in Figure 5.21.

— Ramp#Set zources:
Ramp/Set lta ztep: — Change
" Phase
g = amplitude
g " Frequency
Wi
Shore I Hecal

Fi;@ 1 Settings in the Ramp/Set Sources Section
L 4 \< ,

L 4
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Conduct the Test

Conduct the Test

WARNING

AN

The high intensity yellow LED flashes when any output source or the
battery simulator is enabled or on to indicate the potential for
dangerous or fatal voltages.

13. Click the On button for voltage sources VA, VB, andWC.

14. Click the Enable button for current sources |1, 12£andy3.

Figure 5.22 shows the Control Panel settings réquiredfor the reach
test.
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B - *WEamp Stare | FIEQaIII £ mSec. ©* Sec. ( Cycles Stop Beset
— Battemy ’ -
BT System Sha Olutput *s & & & &
[ = | W | e S b ccca ¢

Figure 5.22 Control Panel Settings for the Reach Test
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-0

15. Click System Output at the bottom of the Control Panel. O

The indicator lights for outputs 1 through 6 in the lower right-hand
corner of the Control panel are green. S

16. Click and hold the Ramp/Set down arrow in the R t sources
section until the relay responds.

In the source table, observe VA and VB ramp 0.1V
increments until the relay picks up. At that poi values for VA
and VB freeze, and the red indicator light fori 1 turns on.

17. Click System Output again to turn t% off.

72A-1589 Rev. C 02/01
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6. Troubleshooting Guide O

L 4

This chapter contains diagnostic information and \@ting tools
for the F6000 Instrument that are designed to pinpeintiproblems based
on symptoms. Topics include:

e Troubleshooting flowcharts

e General troubleshooting techniques 0

e Status indicators

e Component checkout proced

* Error types %

e Resolving communicatio

If the solutions discussed in do not resolve the problem, obtain

further assistance by conta& ble customer service:
Web site: Wv\%e. om/support/support.htm
C

Email: rvice@doble.com

Telepho -4900, Extension 321/232/406

Troubleshooting Flow Chal\
rts are shown in Figure 6.1 on page 6-2 and Figure

Diagnostic
6.2 on pa se the flow charts to identify and isolate problems in
F6150 @ s.

Q
o
&
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Troubleshooting Flow Charts

VFD = Vacuum Fluorescent Display

Check RS/232 or Ethernet Cable

(see "Resolving Communications

Power Up PC
and F6150

Problems” on page 6-11) <
Cable
OK?
FIXED
Check the device
setting in Control
Panel / System Replace P/S
Device Manager. Assembly Are fans
Resolve any (see “Circuit ON at
conflicts in Win Board power up?
95/98. Replacement”
on page 7-17)

l

Assembly (see
” on page 7-22)

-
7@ that the Does
OV LED is lit. onel or V/I
L 4 "Voltage or amplifier not

rrent Amplifier
Board Checks”
on page 6-10)

work?

LED OFF?

Is any 350V

Is the VFD
status OK?

(LED STATUS
OK)

Figure 6.1 Troubleshooting Flow Chart — Part 1
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(P/S FAIL)

(BAD LED STATUS)

Joy

Qe

Call Doble Customer
Service if error is not
identified

m LED Checks

see "Voltage or

Current Amplifier
Board Checks”
on page 6-10)

i(LED STATUS OK)

NO

Review “Hardware

Error Messages” in

Table 6.5 on page
6-12

'

Replace appropriate
PCB per table
(see "Circuit Board
Replacement”
on page 7-17)

'

Call Doble Customer
Service if error is not
identified

Figure 6.2 Troubleshooting Flow Chart — Part 2
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General Troubleshooting Techniques

General Troubleshooting Techniques

NoTE

If the F6000 experiences difficulties, perform the following external
checks to isolate the problem before removing the cover.

Many of the major problems encountered in the F6000 are eorrected by
replacing a board in the unit. Chapter 7 "Field Replacement
Procedures” explains how to remove a defective boardiand’replace it.

Check for boot-up errors.

Power up the F6000 and watch the boot%sequérice displayed in
the VFD (Vacuum Fluorescent Display)-

Check for source errors in the Soutce Table of the Control Panel.
Verify the configuration of voltage andeurrent sources.

Click Tools | F6000 Configuratien i the ProTesT menu bar.
Check the battery simulatef:

Turn the battery simulatoron frem the Control Panel and measure
its output with a voltmeter.

Check for short cigéuits,(Véltage sources).

Remove all géfhections to the F6000 and check the source
outputs with a yoltmeter. If no voltmeter is available, turn the
source ofandieheck for error messages.

Check famgpenycircuits (current sources).

Remove all gonnections and check the source outputs with an
ammetergor short the output terminals.

If the F6000 is connected via Ethernet, verify that the Ethernet
connéction is functioning properly.

Ping the F6000 from a DOS window (see Appendix B "Ethernet
Communications”).

Ifyth&"preliminary external checks do not identify the problem, remove
the cover (refer to page 7-2) and check the LED status of internal
components for proper operation (refer to “LED Status Indicators”

on page 6-5).

6-4
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LED Status Indicators

The following circuit boards have status LEDs:

* Voltage and current amplifier circuit boards
e CPU circuit board

e Analog I/O board

e Power supply circuit board

VOLTAGE Lethal voltages are exposed with the cover remoyed. Follow safe
procedures designed to protect against electrical shock. Always turn the
& unit off before making contact with any 6f the internal components.

Amplifier Circuit Boards

Three current amplifier boards areyinstalled in slots 5-7. Three voltage
amplifier boards are installedhinslets, 8-10.

Each current and voltage amplifiefcircuit board has two LEDs that are
visible when looking at the front'of the board.

Table 6.1 defines the féinction of the LEDs.

Table 6.1 Voltage/Current Amplifier Board LED Indicators

Amplifier Indication

Board LED

350V lluminates steady green after the Power up diagnostics
pass, indicating a healthy status.
This LED is located on the left side of the board, close to
the top edge, as viewed with the front panel oriented
towards the front.

SRC ON Illuminates steady green when the amplifier is enabled

(Fight side *) | or turned on by ProTesT software, indicating an active
source.
This LED is located on the right side of the board, close
to the top edge, as viewed with the front panel oriented
towards the front.

NoTE If the 350V LED is not illuminating green, replace the amplifier circuit

board. Refer to ”Circuit Board Replacement” on page 7-17.

GV 72A-1589 Rev. C 02/01
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CPU Circuit Board

CPU Circuit Board O

The CPU circuit board is installed in slot 3. It has twelve LEDs located at
the top of the CPU board (Figure 6.3), and one push button L4

STX2 SRX2 STX1 SRX1 ETX ERX CLSN LED3 LED2 LED1 LEDO RESET

Figure 6.3 CPU Board Status Indicator LEDs and Pus

¢ The LEDs indicate communication s her RS-232 or

Ethernet) and are described in Tab
e The RESET push button acti A @ power diagnostic cycle

when pressed.

Table 6.2 CPU Board LED Indi

CPU Board | Indication

LED

STX2 transmit active.

[D13] es green during power up only, otherwise it is
SRX2 2 GPS receive active.

STX1 2 serial port transmit active.

D11, inks red during RS-232 communication with the

ontrolling computer.
S RS-232 serial port receive active.
[ Blinks red during RS-232 communication with the
controlling computer.

Ethernet transmit active.

3] Blinks during Ethernet communication. This LED is
\ always OFF if no Ethernet cable is attached.
ERX Ethernet receive active.
[D4] Blinks during Ethernet communication. This LED is
always OFF if no Ethernet cable is attached.
* CLSN Ethernet collision.
[D5] Blinks red during power up, and when no Ethernet

cable is attached.
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Table 6.2 CPU Board LED Indicators (Continued)

CPU Board | Indication

LED

LED3

LED2 General purpose lights used for CPURAM status and
LED1 power-on self-test.

LEDO

LOCK 1PPS lock for GPS communications (not supported in

software).

Analog 1/O Circuit Board

The analog I/O circuit boardtis fstalled in slot 4 and has four LEDs.
When the F6000 is powereddup, but idle, all LEDs should be OFF. Analog
/O board LEDs are defined inTable 6.3.

Table 6.3 Analog I/O'Board.LED Indicators

Analog I/O Indication
Board LED
A/D Test [Muminates red during power up only, then OFF. This
[D1] PED is for Doble use only.
e |f the LED illuminates a steady red, the PCB may be
installed in an incorrect slot.
CRU ENAB | Illuminates green during power up only, then OFF.
D21
SAFESTAT Should never illuminate green during power up.
W3]
SAFECTRL Illuminates green when any source is turned ON.
[D4]

* Does not illuminate during power up or when idle.

GV 72A-1589 Rev. C 02/01



Power Supply Circuit Board

Power Supply Circuit Board

The power supply board is installed in slot 11. The board has three LEDs
designated D1, D2 and D3 that are visible from the rear of the chasSis.
Refer to Table 6.4.

Table 6.4 Power Supply Board LED Indicators

Power Indication

Supply

Board LED

PSERR Illuminates green for the first30 se€onds after power up,
[D1] then is OFF after completifyg the Power Supply power

up sequence.

 The power supply¥has,its®own power up sequence.
The PSERR LER.perferms this sequence even if the
CPU board,is nég,installed.

LOFLOW This LED is nérmally OFF.

[D2] If illuminating gkeen, check the following:

e Checkthe pawer supply voltages on the CPU PCB.
* Check forgproper fan operation.

BATTON lllumifates green when the Battery Simulator is

(D3] instructed to turn ON, otherwise it is OFF.

* lluminating green indicates only that the Battery
Simulator is instructed to turn ON, and is not an
indication of proper operation.

Fuses In addifionte,the LEDs, two fuses are located on the power supply board
for'the A€,input (F3 and F4 designation).

¢ _Fora 115V power supply, the fuse value is 20 A.
e sFora 230 V power supply, the fuse value is 10 A.

6-8 72A-1589 Rev. C 02/01  €4%R\s
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Component Checkout Procedures

This section lists procedures for troubleshooting the following
components:

e Power Supply Board

e Logic I/O Board

e Current and Voltage Amplifier Boards

e Battery Simulator

e Cooling Fans

Power Supply Checks

To verify proper operation of the power/supply, perform the following
procedure:

1. Connect a multimeter toga,ground point on the chassis, for example
Test Point 8.

2. Measure each of the following test points on the F6000 CPU circuit
board, located in slot 3sef the backplane:

Test Point #8:  (Groune (any point on the Instrument chassis can
bewsed as a reference).

Test Point#5:# +5V DC +0.25V
Test Point#Z2: ¥+12 V DC £0.25 V
Test Point #$0: —12V DC £0.25 V

NoOTE These tést points are not on the edge of the printed circuit board. They
are lacatednear the middle of the circuit board.

o 3. “Replaee the Power Supply Assembly circuit board (045-0670-01) in
slot11 if any of the test point voltages are not present. Refer to
"Circuit Board Replacement” on page 7-17.

Logic 1/O Printed Circuit Board Checks

If the VFD displays a Logic Input or Logic Output error, perform the
following steps:

1. Verify proper operation of the power supply (refer above to “Power
Supply Checks”).

2. If the power supply is operating correctly, replace the Logic I/O
circuit board (04S-0672-01) in slot 1. Refer to "Circuit Board
Replacement” on page 7-17.

G 72A-1589 Rev. C 02/01 6.9



Voltage or Current Amplifier Board Checks
-]

Voltage or Current Amplifier Board Checks

To verify proper operation of the amplifier circuit boards:
1. From the ProTesT software, select three I's and three V's.
2. Verify that the 350V and SRC ON LED:s illuminateawhensénabled.

3. Ifany LED fails to illuminate when enabled, replace,theécircuit board
for that amplifier. Refer to "Circuit Board Replacément
on page 7-17.

Battery Simulator Checks

Cooling Fan Checks

CAUTION

U

The Battery Simulator is mounted on the chassis rear. It is equipped with
one non-standard fuse soldered on the circuitboard. There are no LED
indicators.

To check the Battery Simulator:

1. Remove the cover (refer toypagey-2) and inspect the Battery
Simulator’s fuse.

The fuse is designated E1 ang is located near J4.
2. If shorted, the fuse_is @k £If ©pen, the fuse is blown; proceed to step 3.

3. Replace the battery simulator circuit board (04D-0598-01). Refer to
”Battery Simulatér” on page 7-19.

To verify coeling'fan operation, power up the F6150 and listen for the
audiblesound of the fans spinning. This sound is the only indication that
the fansgare furictioning. No LEDs or error messages will appear to
indicateya problem until an over-temperature condition occurs.

It iswerydmportant to verify fan operation at power up. Equipment
damage can result during operation with one or more broken fans.

[f'one or more of the cooling fans is not operating, perform these steps:
1 Immediately power down the F6150.
2. Remove the cover. Refer to page 7-2.

3. Check that the large inductor (L1) located in the middle of the power
supply circuit board has not broken loose.

e |If the L1 inductor has broken loose, replace the power supply
board (045-0676-01 or 045-0676-02).

e |If the L1 inductor has not broken loose, replace the fan. Refer to
"Cooling Fans” on page 7-22.

6-10
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Resolving Communications Problems

Error Types

Hardware Errors

NOTE

If communication fails or cannot be established between the F6150 and
the ProTesT software, check the following:

1. Check the RS-232 cable or Ethernet cable.
2. Verify that the CPU circuit board LEDs (D1 & D2)"age blinking.

3. Check for conflicts in the COMM PORT of the Gomputer or laptop
running ProTesT. To do this:
a. Click Control Panel | System Devige Manager.

b. Verify that no other device, su¢h aswa Palm Pilot, or software is
using the same COMM PORI asProTesT.

c. Check the Control Panel and Hardware Devices in Windows
95 or Windows 98 forserialidévice conflicts. If a device
conflict is found, gentact your System Administrator.

4. If the communication dablefis,functioning and no conflicts are found,
replace either the CPUgcireuit, board (page 7-17), Analog I/O circuit
board (page 7-17) or the,Communications circuit board (page 7-13).

Three types of efofs can occur while using the F6000 Instrument:

e HardwareErrors
e Source Etrors
*  SyStermerrors

Hardware error messages display on the VFD on the Instrument front
panels They are often the first sign that something is not functioning
properly in the Instrument.

Hardware errors must be resolved before further testing can proceed.

Table 6.5 on page 6-12 describes hardware errors and possible solutions.
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Hardware Errors

Table 6.5 Hardware Errors

Error Message

Description

Action

Cal A/D Hardware
failure

The calibration analog to digital
conversion hardware failed.

Replace the analog 1/O beard.
Refer to ”Circuit Board
Replacement” opspagen/-17.

DAC Calibration
hardware failure

The digital to analog converter
calibration hardware failed.

Replace the analog 1/O board.
Refer to ”Circuit\Board
Replacement4on' page 7-17.

DAC Calibration

The digital to analog converter

Replacéithe analog 1/O board.

out of limits calibration is out of limits. Refefto,”Circuit Board

Replac¢ement” on page 7-17.
Analog GND sense | The analog GND sense failed. Cheek the power supply with a
failed veltmeter (see page 6-9).

e, If the voltages are not correct
replace the power supply board.

e |f the voltages are ok replace the
analog 1/O board.

Refer to ”Circuit Board

Replacement” on page 7-17.

Analog /O -5V out
of range

The instrument reads'eut f range.

Check the power supply with a

voltmeter (see page 6-9).

e |f the voltages are not correct
replace the power supply board.

e |f the voltages are ok replace the
analog 1/O board.

Refer to "Circuit Board

Replacement” on page 7-17.

Analog 1/O +5V out
of range

The'ipstrtment reads out of range.

Check the power supply with a

voltmeter (see page 6-9).

* |f the voltages are not correct
replace the power supply board.

e |f the voltages are ok replace the
analog 1/O board.

Refer to “Circuit Board

Replacement” on page 7-17.

6-12
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Table 6.5 Hardware Errors (Continued)

Error Message

Description

Action

Positive DAC
readback failure

Positive digital to analog converter
readback failure.

Replace the analog¥O board.
Refer to ”Circuit Beard
Replacement” orwgage 7-17.

Negative DAC
readback failure

Negative digital to analog converter
readback failure.

Replace thefanalag 1/0O board.
Refer to ”GigcuitBoard
Replacémenton page 7-17.

Missing/bad Logic
/O board

The logic I/O circuit board is either
missing or bad.

Replacethe logic I/O board. Refer
to,/Cirguit Board Replacement”
onypage 7-17.

Missing/bad Analog
/O board

The analog I/O circuit board is
either missing or bad.

Replace the analog I/O circuit
board. Refer to ”Circuit Board
Replacement” on page 7-17.

Missing/bad
(I AMP#0) SLOT 5

The current amplifier in slot'b is
either missing or bad.

Replace the current amplifier
board in slot 5. Refer to “Circuit
Board Replacement”

on page 7-17.

Missing/bad
(I AMP#1) SLOT 6

The current amplifief'in slot 6 is
either missing or'had:

Replace the current amplifier
board in slot 6. Refer to ”"Circuit
Board Replacement”

on page 7-17.

Missing/bad
(I AMP#2) SLOT 7

The current amplifier in slot 7 is
either fhissig’or bad.

Replace the current amplifier
board in slot 7. Refer to "Circuit
Board Replacement”

on page 7-17.

Missing/bad
(V AMP#0) SLOT 8

The Yoltage amplifier in slot 8 is
either missing or bad.

Replace the voltage amplifier
board in slot 8. Refer to “Circuit
Board Replacement”

on page 7-17.

Missing/llad
(V AMP#1)SLOF9

The voltage amplifier in slot 9 is
either missing or bad.

Replace the voltage amplifier
board in slot 9. Refer to "Circuit
Board Replacement”

on page 7-17.

GV 72A-1589 Rev. C 02/01
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Source Errors

Table 6.5 Hardware Errors (Continued)

Error Message

Description

Action

Missing/bad
(V AMP#2)
SLOT 10

The voltage amplifier in slot 10 is
either missing or bad.

Replace the voltage applifier
board in slot 10. Refewt® " Circuit
Board Replacement™

on page 7-17.

Missing/bad HVPS

The high-voltage power supply is
either missing or bad.

Check the poWer supply with a
voltmeter (See page 6-9). Replace
the boardWif,ne€€ssary. Refer to
"Circuit'Board Replacement”

on page /-b7.

Bad/Blank CPU
EEPROM

The CPU board is either bad or the
EEPROM has no data.

Replacesthe CPU board. Refer to
"Cireuit Board Replacement”
oRnpage 7-17.

Source Errors

Source errors display in thé"Seurcée Table of the ProTesT Control Panel
(see page 4-2). A Souige error s typically due to problems with the load.

For example:

e Current i&drivén into an open circuit or high impedance.
e Voltage issapplied across a short circuit or low impedance.

e Power fequiféments of the relay under test exceed the capacity of

the sotirce:

If a source emsoroccurs:

 4The name of the affected source displays as ER and blinks in the

Sougce Table.

e ,The Amplitude and Phase fields for the affected source blink in

the Source Table.

e An audible alarm sounds from the speakers of the control PC.

€ommon source errors are defined in Table 6.6.

6-14
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Table 6.6 Common Source Errors

Error

Explanation

Action

Transient over 1.5
seconds

Hardware disables the source.

Reboot the systen.

Peak current

Hardware disables the source.
Normally, this error does not occur
for a current source. It typically
means a voltage source is
overloaded (as, for example, when
a short circuit occurs at high
amplitude).

Reduce the yoltage.

Clip Fast A current source cannot drive a
load.

Clip Slow A current source cannot drive@
load.

Distortion Software processing of effon

feedback ADCs.
A current source gannot drive a
load.

Battery Power Limit

Battery simulator léad has exceeded
maximum poWwereutput of 60 W.

Reduce the battery simulator load.

Battery Current
Limit

Battery sighulatofoad has exceeded
maxifhunieurrent limit of 1.25 A at
48 volts.

Reduce the battery simulator load.

GV 72A-1589 Rev. C 02/01
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System Errors

System Errors

System errors are indicated on the Source Table of the ProTesT Control
Panel. A System error occurs when an Instrument component contrélled
by ProTesT is functioning improperly. For example, a curreft’amplifier
overheats and ProTesT shows a system error message.

System errors display in a ProTesT dialog box. Figure 6%, shows the first
message that appears.

ProTesT [ <]

-

The instrument repored a systern error. Press "ves" for more info; gkess "to attempt to
clear the systermn errars (MOTE: some systems errars cannot be clear@gin this way such as

missing hardware). @

Figure 6.4 System ErrorxiMessage

Click Yes for more informationtabout the system error. Figure 6.5
illustrates the kind of errof thatcan occur.

ProTesT
v
& Systermn Errar; \
Logic Cutput Owergur
Fress "0OK" to atternpt toElear wetem errors (NOTE: some systems errars cannot be

cleared in this wayﬁlh\ izging hardware)

Figure 6.5 System Error Diagnostic Information

Click OK to close the dialog box and clear the system error. As the note
in the dialog box indicates, the system error does not clear if the problem
is related to missing hardware.

Use Table 6.7 on page 6-17 to diagnose and correct system errors.
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Table 6.7 System Errors

Error

Explanation

Action

Current monitor
(Power supply high
amps)

Input line current is too large.
Hardware detects that the
Instrument is drawing too much
current from the wall. The total of
all amplifier outputs exceeds system
specifications.

Reduce the sourcg¢ amplitude or
reduce the loaek

Voltage monitor
(Power supply high
volts)

Either the AC input line voltage is
too high, or power is being fed back
into the F6000 through the
amplifier outputs.

Reddce'the input line voltage.

Open ground

Hardware detects an open ground

This hardware problem must be

detector detector. addressed before it is safe to
(Power supply) operate the F6000.
When the F6000 clears the error, it
occurs again if the hardware
problem has not been fixed.
Logic Output Hardware detect§ an overcurrent Reboot the system. If the error
(Logic I/O) condition on aylogigtoutput. The persists, replace the Logic 1/O
F6000 software shuts down all circuit board (see "Circuit Board
amplifiers. The 6000 hardware Replacement” on page 7-17).
latches all logi¢ outputs open.
+12 Volt fail Hardware,disables amplifiers to Check the DC power supply.
monitor preventdamage to relays on the
(DC power supply) | ampfifier assemblies if System

+123V falls below a threshold of
approximately +5 volts.

GV 72A-1589 Rev. C 02/01
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System Errors

Table 6.7 System Errors (Continued)

Error Explanation

Action

High voltage heart | Five-second software timeout on
beat lack of communication while
hazardous voltages may be present
on the front panel terminals. The
F6000 software shuts down the
amplifiers.

This fault can occur if a
communication cable is removed.

The PC gets a communication
timeout and displays it in ProTesT.
The system error is only displayed
when communication is
re-established.

Replace the communigation cable.

Fan flow monitor Fans are blocked or inoperative, Verify fan operation (see "Cooling
error Fan Checks” on page 6-10).
Replace the fan assembly if
required (page 7-22). If the fans are
functioning, replace the power
supply circuit board (page 7-17).
Lost pulse per Software shuts down the amplifiers | Verify that the Global Positioning
second because it detect§ |@spexternal System (GPS) components are

synchronization. This‘only occurs
in an external synghronization
mode.

correctly connected, and that the
Instrument is synchronized to the
GPS clock. Refer to Appendix D
”Global Positioning System”.

Waveform System‘ekror’in waveform
Under-run genleratign and I/O.

Verify operation of the Logic I/O
board. (“Logic 1/O Printed Circuit
Board Checks” on page 6-9).
Replace the board if necessary
("Circuit Board Replacement”

on page 7-17).

Source Disabled One or more sources were disabled
by the hardware.

Verify the status of the amplifier
circuit boards (refer to "Voltage or
Current Amplifier Board Checks”

on page 6-10). Replace the board if
necessary (”Circuit Board
Replacement” on page 7-17).

6-18
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Table 6.7 System Errors (Continued)

Error

Explanation

Action

Over Temperature
or fuse blown (I
AMP#0) SLOT 5

Current amplifier in slot 5 is

overheated or has a blown fuse.

Replace the currentsamplifier
board in slot 5 (refegfo)’Circuit
Board Replacement”:

on page 7-17F.

Over Temperature
or fuse blown (I
AMP#1) SLOT 6

Current amplifier in slot 6 is

overheated or has a blown fuse.

Replace the cuggent amplifier
board i slot,(refer to "Circuit
Boards:Replacement”

on page 7s17).

Over Temperature
or fuse blown (I
AMP#2) SLOT 7

Current amplifier in slot 7 is

overheated or has a blown fuse.

Replace’the current amplifier
board in slot 7 (refer to "Circuit
Board Replacement”

on page 7-17).

Over Temperature
or fuse blown (V
AMP#0) SLOT 8

Voltage amplifier in slot 8 is

overheated or has a blownduse.

Replace the voltage amplifier
board in slot 8 (refer to "Circuit
Board Replacement”

on page 7-17).

Over Temperature
or fuse blown (V
AMP#1) SLOT 9

Voltage amplifiein slot 9'is

overheated or has‘adblown fuse.

Replace the voltage amplifier
board in slot 9 (refer to "Circuit
Board Replacement”

on page 7-17).

Over Temperature
or fuse blown (V
AMP#2) SLOT 10

Voltage applifieisdn slot 10 is

overheated or has a blown fuse.

Replace the voltage amplifier
board in slot 10 (refer to "Circuit
Board Replacement”

on page 7-17).

Missing analog I/O
board

[HardWware is missing or not
communicating properly with
the:CPU.

Check the communication cable. If
OK, replace the analog I/O board
in slot 4 (refer to “Circuit Board
Replacement” on page 7-17).

GV 72A-1589 Rev. C 02/01
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System Errors

Table 6.7 System Errors (Continued)

Error

Explanation

Action

Missing digital 1/0
board

Hardware is missing or not
communicating properly with
the CPU.

Check the communication cable. If
OK, replace the hattefysimulator
board (04D-0598-0%). (Refer to
”Battery Simulatofyonpage 7-19).

Control Panel
Mode

Option F6909 required.

Call Doble Customer Service.

Macro Mode

Option F6910 required.

Call Doble*€ustomer Service.

No convertible
sources

Option F6810 required.

Call @ebl&yCustomer Service.

NOTE

Some system errors cannot be cleared, For example, if the Instrument
has no analog 1/O board, the errox,condition remains until the board is

supplied.

6-20
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7. Field Replacement Procedures

Chapter 7 explains how to replace a major compohentiifi the field. The
procedures apply to the replacement of a failed comporent or to the
installation of a new upgrade. To replace a compg@nentiin the field, follow
these basic steps:

1. Turn the instrument off.
2. Remove the instrument cover (page 7+2).

3. Turn the instrument on and perforpma visual check to identify the
faulty component (page 7-5);

Turn the instrument off and remove the power cord.
Replace the component.

Replace the cover, plugfifithe power cord and turn the instrument on.

NS e

Verify that the replacement solves the problem (page 7-26).
The replaceable compopents in the F6150 are:

e Instrumeént front panel (page 7-5)

e Communieations board (page 7-13)

e Circuit boards in slots 1 through 11 (page 7-17)
e Battery simulator (page 7-19)

e @oolingfans (page 7-22)

Preparatory Steps

The replacement of any component in the F6150 requires removal of the
coyer first. If the cause of a problem is undetermined at the time the
coyer is removed, turn the instrument on and check the components
visually. When the faulty component is identified, follow the
replacement procedures in this chapter.

VOLTAGE When replacing internal components, follow safe procedures designed
to protect against electrical shock. Always turn the unit off before
making contact with any of the internal components.

>

ESD The F6000 contains electrostatic-sensitive components. Practice safe
handling methods to protect components against electrostatic

Iw‘ discharge.
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Remove the Instrument Cover
Remove the Instrument Cover O

Remove the cover to access the replaceable components in the
Instrument. Figure 7.1 illustrates the location of these components. ¢

- Rubber Feet \%
- Back \A
| Battery Simula
Power Supply (Slot 11)
Fan
3 V/I Amplifiers (Slots 8, 10)
lC?olI(ing Alr Fan Retainer
ntaxe #2 Rail
—>
- @ v
—» 3 Cur plifiers (Slot s 5, 6, and 7)
Left Side \ Right Side
Fan
#3
. S ’ nalog 1/0 Board (Slot 4)
! é CPU Board (Slot 3)
Spare Slot (Slot 2)
F
# Logic I/0 Board (Slot 1)
Eii?gl}ifgrea —>| ‘ Output Terminal Board | Communications Board
Chassis Frame
L 4 /
Front Panel

Figure 7.1 Top View of the F6150 Instrument
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To remove the instrument cover: Q

1. Turn the instrument off.

2. Remove the power cord. ¢
3. Use a flat head screwdriver to remove the top o@ feet from
the back of the instrument (Figure 7.2). \

To remove the cover,
remove the top two rubberéfeet.

AR 72A-1589 Rev. C 02/01 23



Remove the Instrument Cover

—O

4. Remove the cover to expose the circuit boards and other compor@
inside the instrument (Figure 7.3).

Capture S [[[ e A— R

5. Use a PhiIIip& rewdriver to remove the screws on the side of
the capture gai

6. Useafla rewdriver to remove the four screws on top of the
captur ail.

7. Re capture rail.
8. - the circuit boards and ribbon cables to make sure all the
G ions are firm.

Q>®
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Power Up and Perform a Visual Check

1. Attach the power cord to the instrument and turn it on.
2. Observe the LED lights on the left side of each amplifier board.

A green light indicates a good board. No light indicatés a bad board.
When the sources are active, the green LED on theyight side of an
amplifier board illuminates when that particularamplifier is
supplying power.

3. Verify, through the audible sound, that the foufsooling fans are
operating.

Table 7.1 summarizes the information conyeyed by the status indicator

lights on the voltage and current amplifieg boards.

Table 7.1 Status Indicator Lights on the Amplifier Boards

Indication | 350V (Left Side) SRC ON (Right Side)
Green Instrument i turneé on and | The amplifier is supplying
the amplifieris,healthy. power to an output
terminal at the front panel.
Not Lit The ampliffer is faulty. The amplifier is not
supplying power.

Instrument Front Panel

To remgve the front panel of the instrument, follow these steps:
1. Reémovetthe 12 hex-head screws from the front panel.

2o Disconnect W2, W3, W4, W5, W6, and W7 from the Logic I/O
board, CPU board, and Analog I/O board.

3. JWith fingers resting on the inside surface of the front panel, grasp the
top of the black instrument frame.

4. Press the front panel out from the frame.

The front panel tilts forward and stops at about a 30° angle
(Figure 7.4).

G 72A-1589 Rev. C 02/01 s



Instrument Front Panel

gure 7.4 Instrument Front Panel Tilted Forward 30°

NOTE A@Current Interface connects the lower part of the Output
inal board to the motherboard (Figure 7.5). Carefully work this
! ohnection loose as the front panel tilts away from the chassis frame.

. Gently lift the front panel up and away from the bottom of the
instrument.

6. Lay the front panel face down on the table in front of the instrument
(Figure 7.5).

;
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High Current Interface
on the Motherboard

High Current Interface

Output Terminal Board

" -..i. v "l'-,.'_-"-‘n
(R N

o
W

Ft@el Lying Face Down in Front of the Instrument

isconnect wires W8 and W18 from the Output Terminal board.

o™

isconnect wires W2, W6, and W7 from the communications board
and set them aside for use with the new front panel (Figure 7.6 on

\@ page 7-8).
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Instrument Front Panel
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9. Disconnect the blue and brown AC wires that lead from the @
breaker back to the instrument.

e Grasp the blue insulation. S
e Pull hard and work the connectors loose.

10. Use an open-ended wrench to remove the hex\ cures the
chassis ground wire to the circuit breaker.
11. Disconnect the ground wire.

Figure 7.7 shows the location of the AC leads‘and the ground wire.

¢
N\ A
)

Blue and brown
AC wires

Ciicuit Breaker

Chz:lssis Ground Wire

4  Figure 7.7 Wire Connections at the Front Panel Circuit Breaker
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Instrument Front Panel

—C

Figure 7.8 shows the circuit breaker after the blue AC lead, the brow@
lead, and the chassis ground wire have been disconnected.

L4

N

Figure 7.8 Circuit Breaker with Wires Disconnected

@ front panel is now completely disconnected from the instrument.

2

L 4
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To install a new front panel, reverse the above steps as follows: O

1. Lay the new front panel face down in front of the instrument, with the
communications board on the right.

4
2. Reconnect the ground wire in front of the circuit b
3. Reconnect the blue and brown AC leads to the eaker.
e Connect the blue lead opposite the blue Wir e front of the
circuit breaker.

e Connect the brown lead opposite the,brown wire at the front of
the circuit breaker.

4. Reconnect wire W8 to the Output Términal’board.

5. Tilt the front panel up and rest th of the front panel inside the
bottom of the black instrum a

6. Line up the connector a bottom of the High Current Interface
board with its mate on the'motherboard.

7. Tilt the front panel int ical position and press the bottom of the
panel until the High ent Interface connector mates.

8. Secure the front pangl with 12 hex-head screws.

9. Reconnect 3, W4, W5, W6, and W7 (see Table 7.2 on
page 7-12).

10. Replace theipstrtiment cover.

L 4 \< ,

O
Q>®

L 4
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Instrument Front Panel
Except for W16, all the wires in the F6150 connect to the O

communications board or the output terminal board on the instrument
front panel. Table 7.2 lists these wires and their connections.

L 4

Table 7.2 Wire Connections

Wire Number | Connects From

W2 Communications board

W3 Output Terminal board

W4 Output Terminal board

W5 Output Terminal board 7 No ic I/O board

W6 Communications b@a

W7 Communications"ea Analog 1/O board
W8 Output Terminal boa Motherboard

W16 Power supply Battery simulator

W18 Po Output Terminal board
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Communications Board

NoOTE

The communications board supports the input and output terminals on
the right side of the front panel. To replace the communications®oard,
first remove the instrument front panel, but do not disgbnnect the leads
from the circuit breaker on the left side of the paneh

To remove the instrument front panel:

1.
2.

Remove the 12 hex-head screws from the fgont{panel.

Disconnect W2, W3, W4, W5, W6, andd/7 frém the Logic I/O
board, CPU board, and Analog I/O board.

With fingers resting on the inside surfage of the front panel, grasp the
top of the black instrument framef

Press the front panel out fromthe frame.

The front panel tilts forw@rehand,stops at about a 30° angle
(Figure 7.4 on page 7-6).

A High Current Interface connects the lower part of the Output
Terminal board to the motherboard. Carefully work this connection
loose as the front panel tiltssaway from the chassis frame.

5.

Gently lift the front panel up and away from the bottom of the
instrument.

Lay the frontYpanél face down on the table in front of the instrument
(Figure 7.5'6m,page 7-7).

Disgéfineetwires W8 and W18 from the Output Terminal board.

8. Disconnect wires W2, W6, and W7 from the communications board

and Set them aside for use with the new front panel (Figure 7.6 on
page 7-8).

The €ommunications board is ready to be removed (Figure 7.9 on
page 7-14).
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Communications Board

Communications Board
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Figure 7.9 Communications Board Ready for Removal
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To remove the communications board from the instrument front@

1. Remove the two Phillips head screws that secure the communications
board to the front panel. S

2. Tilt the front panel up until it leans against the inst@.
3. Use an open-ended wrench or pliers to removeNC on the right
side of the front panel (two for each of the fom tors).

See Figure 7.10.

Figure 7.10 Right Side of the Instrument Front Panel
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Communications Board

—O

4. Tilt the front panel back down until it lies face down on the tablg
5. Lift the communications board off the front panel.

6. Place the new communications board in its position on the right%ide
of the front panel.

7. Secure the communications board to the front pan@: two

Phillips head screws.

8. Use an open-ended wrench or pliers to turn thb on the front of

the front panel.

9. Tilt the front panel back into place.
Be sure the High Current Interface at the Bettom of the front panel

mates properly with the connector ofi' t therboard.

10. Secure the front panel to the inst assis with the 12 hex-head
screws.

11. Reconnect wires W2, W3 > , W6, and W7 (see Table 7.2 on
page 7-12).

S
&

L 4

Q
o
&

L 4
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Circuit Board Replacement

Doble Customer Service may recommend that a circuit board be
replaced to remedy an operating problem. None of the solid-staté circuit
boards requires user calibration or adjustment. Table 7 8 Centains a list of
slot numbers and circuit boards in the F6150.

Table 7.3 Circuit Boards in the F6150

Slot Number Circuit Board
Slot 1 Logic I/O board
Slot 2 Spare slot
Slot 3 CPU board
Slot 4 Analeg |/O\board
Slot 5 Cuwentamplifier #1
Slot 6 CGurrent amplifier #2
Slot 7 Cument amplifier #3
Slot 8 Voltage amplifier #1
Slot 9 Voltage amplifier #2
Slot 10 Voltage amplifier #3
Slot 11 Power supply
NoOTE Remove,or insert printed circuit assemblies carefully to avoid damage
to their mating connectors. To ensure that new boards go into their
! correctlocations, replace them individually.

Contact Doble for a replacement circuit board, or obtain one from your
eompany inventory of replacement parts, if available.

To replace a circuit board:

1. Turn the instrument off.

Remove the power cord.

Disconnect all external cables from the instrument.

Remove the instrument cover.

AR S O

Remove the capture rail.

G 72A-1589 Rev. C 02/01 P



Circuit Board Replacement

—O

6. Disconnect any circuit board ribbon cables required to perform @

replacement.

7. Unscrew the captive fasteners on the circuit board. S

8. Firmly grasp the defective board and pull it straight up,
9. Place the new board firmly in the slot and make surenit i arely

seated.
10. Re-attach ribbon cables if necessary.
See Table 7.2 to verify the placement of all @

11. Replace the capture rail.

12. Attach the power cord and turn the i t on.
If the new board is a current or
healthy status indicator light on t

X0

>
N

: (Sb

xS

O
Q>®

plifier, verify that the
de of the board is on.
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Battery Simulator O

The battery simulator is at the back of the F6150 (Figure 7.11).
L 4

Figure 711 Battery Simulator Mounted at the Back of the Instrument

& ve the battery simulator, perform the following procedure:
@ urn the instrument off.
> Remove the power cord.
3. Remove the instrument cover.

\ 4. Remove the capture rail.
5. Remove the power supply circuit board from slot 11.
6

. Disconnect wire W16 from the power supply.

72A-1589 Rev. C 02/01 7-19
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Battery Simulator

»

NOTE

B B - R

7. Remove the voltage amplifiers from slots 8, 9, and 10 (Figure 7.

|

I

I el

Figure 7.1 xal of the Power Supply and Voltage Amplifiers
r Access to the Battery Simulator

@ power supply is easily identifiable, but each voltage amplifier looks

e same. Label each voltage amplifier with its slot number when it is
emoved from the instrument, and return it to its own slot when the
instrument is reassembled. The instrument will not be properly
calibrated if an amplifier is not returned to its original slot.

S
§%
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8. Use a Phillips head screwdriver to remove the screws in the
left-hand corner and the lower left-hand corner of the board.

Phillips Heas
Screws Removed

{8

e J U ¢

i——aX N

(= |5 —
LinhA T N
9. Disconnpéchi

of the

10.Lift the cikcuit board up, then pull it out from the back panel.

S
'|1|1

.
I1I

L]

°|.:|'|'|,1,'.

Figure ack Panel After Removal of Battery Simulator

ire from connector J4 in the upper right-hand corner

eflon pins hold the battery simulator to the rear panel of the
trument. These pins are located in the upper right-hand corner, the

er, and the lower right-hand corner of the circuit board. Work all
0 ree pins loose from their sockets in the rear panel. Figure 7.13

shows the location of the pin sockets on the instrument chassis.
@1 1. Disconnect the wire from connector )3 at the bottom of the board.
\ 12. Lift the board out of the instrument.
13. To replace the battery simulator, reverse steps 1-11.
NoTE

When replacing the Battery Simulator, reconnect wire W16 to the
E power supply before seating the power supply in its slot, as it is difficult
[

to reach the wire connector after the power supply board is seated.
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Cooling Fans

Cooling Fans O

The cooling fans are located on the left side of the instrument.
Perform the following procedure to replace a cooling fan: ¢
1. Turn the instrument off.

. Remove the power cord. &

2
3. Remove the instrument cover.
4

. Remove the eleven hex-head screws from the leftside of the
instrument.

5. Remove the side frame and protective s€reen from the side of the

instrument.
6. Remove the three Phillips head S¢rew: ve the fans from the

instrument chassis (Figure 7.14).

Side View of the Instrument Before Removal of Cooling Fans

7. Remove the two Phillips head screws that hold the top retaining
¢ bracket in place.
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NOTE The two screws that secure the retaining bracket are of differen h
(Figure 7.15). When the bracket is replaced during reassembly, put each
! screw in its original position. .

i
P -

1/4" Screw

Retaining
Bracket

.15 Retaining Bracket for Cooling Fans

O
Q>®
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Cooling Fans

—O

8. Pull the fan assembly up out of the instrument until all four wireo
connectors are exposed (Figure 7.16).

-
Figure 7s165Cooling Fans with Wires Connected

9. Disconhect the wire from each of the four fans.
1@ the fan assembly the rest of the way out of the instrument.

Q>®

se an open-ended wrench to remove the four hex nuts that secure
he fan to be replaced (Figure 7.17).
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= .‘ U-Shaped

‘ Indentations

. Pull the defective fan o
13. Install the replacement¥an.
14. Secure the fan with the fouriex nuts.
15. Reconnect the fo s,‘one to each fan.

16. Lower the f e into the instrument until the bottom of the
assembly r the three spring-loaded supports attached to the
chassis.

Verify t \—shaped indentations in the fan plate (Figure 7.17)

17..Pus thefan assembly down onto the spring-loaded supports.
18.

. Put the two Phillips head screws used to secure the bracket in their
iginal positions.

@(eplace the three Phillips head screws that fasten the top of the fan
assembly to the chassis.

e retaining bracket above the fan assembly.

21. Replace the side frame and protective screen with the eleven

® hex-head screws.
2 4
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Verify the Replacement

Verify the Replacement

To determine whether the replacement procedure is successful:
1.
2.

4. Repeat the test sequence that led to theyerros,

Turn the instrument on.

Monitor the messages on the front panel as the instsument goes

through its startup sequence.

Check the status indicator light on the left side of eachramplifier

board.

If the replacement is successful, the status indigator lights are green
and the error message on the front panel §s cleared.

Check the instrument front panehfor‘egforimessages.

6. Check the Control Panel in ProTesi fér source errors.

Replaceable Components and Cables

Table 7.4 lists the part numbersof field replaceable items.

Table 7.4 Field Replaceable Parts

Field Replaceable/Part Part Number
Battery SimulatorBoard 04D-0598-01
CPU-F6 Board 04S-0670-01
Logic I/@ Board 045-0672-01
Analog 1/© Board 045-0673-01
F6MCommunications Board 045-0674-01
Output Terminal Board 04S-0675-01
115 V DC Power Supply Board 04S-0676-01
230 V DC Power Supply Board 04S-0676-02
| Amplifier Board 045-0678-01
V/I Amplifier Board 045-0679-01
DC Meter Board 045-0680-01
Front Panel Assembly 03D-1356-01

7/-26

72A-1589 Rev. C 02/01

ok

[

Yo



F6000 Family of Power System Simulators User Guide
|

Table 7.5 lists all the cables used with the F6150. If a system failtise is
traced to a particular cable, ensure that the cable is properly seated and
connected before replacing it. Contact Doble Customer Service to order

replacement cables.

Table 7.5 Cable and Adapter Replacement List

Part Number

Description

05B-0616-0T

Assy, Cable, | Output

05B-0617-01

Assy, Cable, V Outpti

05B-0618-01

Assy, Cable, Logic /@

05B-0619-01

Cable, Adapt #4 RILUG-3x4 mm, F

181-0088

CordgRower, TAAWGX3, USA Plug

181-0118

Cable¢, RG58C/U, 500 HM 20 A M/M

212-0527

Adapter, SM, Spade LUG-4 mm, Black

212-0528

Adapter, SM, Spade LUG-4 mm, Red

212-0529

Adapter, SM, Spade LUG-4 mm, White

401-0167

Cable, RS-232, INSTR-PC 10 Ft/3.05 Meter

401-0157

Terminator, In-line 50 Ohm BNC

GV 72A-1589 Rev. C 02/01
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8. Safety and Maintenance

Chapter 8 discusses rules for the safe operation of the F6150, and several
topics related to maintenance of the unit.

F6150 Rules for Safe Operation

Safe operation of the system requires adherenee to the following
guidelines:

Do not use the F6150 unless assafetyaground is connected.

Do not, for any reason, qut oFrémove the grounding prong from
the power cord.

Do not defeat the AGpBWer input source ground connection, and
verify that the powergonpections have proper hot and neutral
polarity.

Use the correct electsical line voltage to avoid an electrical short
circuit, overhegtingyand shocks. If in doubt, check the electrical
rating labelattached to each unit.

Alwayséturnghe power OFF and disconnect the F6000 from line
powehbefore reaching into the instrument.

NoTE The F6000 gontains capacitors capable of storing hazardous voltages
even after the instrument is turned off and the power cord is removed.
! Always proceed with caution when reaching into the instrument.

Never insert metal objects, such as screwdrivers or paper clips,
inside the instrument while power is ON.

Unplug the instrument if it is not to be used for an extended
period of time, or before cleaning.

If the instrument is dropped, have it checked by a qualified
service technician before placing it back in service. Dropping the
instrument can disturb the insulation system.

Do not place the instrument in excessively warm or humid
locations.

If the instrument is dropped or physically damaged, or if spilled
liquid penetrates the instrument case, return the instrument to
Doble for repair.

@I 72A-1589 Rev. C 02/01 8-1
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Cleaning the F6150
-]

The F6150 output and measurement terminals are intended for
Installation Category | usage. The F6150 power input is intended for
connection to an Installation Category Il (overvoltage category) AC main
supply. The F6150 is intended for indoor use only.

Cleaning the F6150

To clean the instrument, sponge the instrument covefs andypanels with a
mild soap solution. Observe the following precautienswhenever the
instrument is cleaned:

e Disconnect the instrument's power cgrd*and all other external
cables before cleaning or removing the,instrument cover.

* Do not use household cleaners cgntathing chlorinated or abrasive
compounds.

e Do not spray liquids directly onto'the instrument.

e Do not use flammable liquids, Sueh as gasoline or lighter fluid, for
cleaning electrodes, eleetgicaleomponents or moving parts.

Customer Service

To request assistanceswith’ any question or problem, call Doble
Engineering Customer Sérvice at 617-926-4900 or send e-mail to
customerservice@dohle.com. Before contacting Customer Service for
help, please take thefollowing preliminary steps:

e Review(the pertinent portions of this user guide.
e ChegKkl|‘eable connections.

e Workythrough the diagnostic flow charts shown in Figure 6.1
(page,6-2) and Figure 6.2 (page 6-3) to identify and isolate
problems in F6150 operations.

e “Rerform the “Component Checkout Procedures” on page 6-9 to
verify component operations.

¢ If the instrument fails during a relay test and another instrument is
available, try the test using the second instrument.

* If the instrument fails during a relay test, compare the
requirements in the test plan to your test setup and source
configuration.
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If possible, have the instrument set up near a telephone to facilitate
telephone assistance. Please have the following available when calling
Customer Service:

e Date of purchase.

¢ The instrument serial number, which is fourd,onsthe bottom outer
case of the F6150.

e The hardware configuration and software{reyisien, which are
displayed on the instrument front panelduringthe bootup
sequence.

* A precise description of the problemglnéltide any error messages
that have appeared, and the sequence of events leading to the
messages.

e The solutions that have been tried.,

e Electronics tool kit and digitalwnultimeter, in case Customer
Service suggests that@beardyor subassembly be removed.

Write down the name of thelCustemer Service representative, and ask to
speak to the same personduring®ubsequent calls. Write down any
instructions the representative gives during a service call.

Safe Packing of the F6150

If troublesho6ting¥€hecks and the replacement of defective parts in the
field fails to correet a’problem with the instrument, the F6150 may need
to be returnediteyDoble for servicing. Contact Doble Engineering
CustomegSeryige at 617-926-4900 before shipping the instrument.

To prepate the F6150 for shipping, disconnect all external cables and
attagh the cover that protects the front panel of the instrument. Use the
original packing materials if they are available. If the original packing
Mmaterials are not available, pack the instrument for shipment as for any
fragile electronic equipment.

Triple-wall shipping containers can be ordered from Customer Service for
a nominal charge (Doble Part # 903-0045). Alternately, the instrument
may be packed using either of the following methods:

e Double-wall cardboard box with a minimum of 2-inch thick poly
foam padding all around.

* Wooden crate with a minimum of 2-inch thick poly foam padding
all around.

G 72A-1589 Rev. C 02/01 5.3



Safe Packing of the F6150
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NOTE Doble Engineering is not responsible for shipping damage. Carefull
protect each instrument from shipping and handling hazards. Ensure
! that protective covers are securely in place. .

Send the instrument to Doble Engineering, freight pre- pai%sﬂs other

arrangements have been authorized in advance by D
Service. The shipping address is:

85 Walnut Street

Watertown, MA 02472-4037 Q
Before returning the instrument to Dobl ring, contact Customer

Service to obtain a Repair Work Ordler %umber The RWO
number must be attached to the inst it is used to track the
cables with the instrument, unless

instrument through the repair c
Do not return instruction man
Doble Customer Service rqu e items.

Customer Service Manager @
Doble Engineering Company 0

L 4

N
S

Q
o
&

L 4

- 72A-1589 Rev.C 02/01  (/UE™y



Appendix A. Software Maintenance

Use the utilities available in ProTesT to accomplishyoUtine maintenance
of the software:

e The F6000 Flash Loader installs revised fitmware.
e F6000 Key Code Update installs F6000 options.

Open both utilities from the Tools pull-down meat in the ProTesT

menu bar.
NOTE When the F6000 Instrument boots up, the current firmware revision
number and the options installedhappear in the display on the
! instrument front panel.

Flash Loader

The Flash Loader installs,revised firmware in the F6000 Instrument.
Click Tools | F6000 Flash/Leader in the ProTesT menu bar to open the
program. The Flash'toader display appears (Figure A.1).

FILE: Browese....

smw Werify
0\ Program

Figure A.1 Flash Loader
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Loading New Firmware

The fields and buttons in the Flash Loader display perform these

functions:
File
Status

Communication

Browse

Verify
Program

Change

Close

Loading New Firmware

NoOTE

Displays the name of the package file to load:
Shows the progress of the last actionf

Displays the current settings for communication
between the computer and the F6000%nstrument.

Browses for the location of the package file to load.

Verifies that the current firmwaréversion is
compatible with the seleetedpackage file.

Downloads the selectedypackage file to the
F6000 Instrument.

Changes the communic€ation settings.

Closes thelFlash koader and aborts any actions
in progress.

Firmware is supplied on a3.5"@disk and is loaded from a computer via an
RS-232 serial conngétiop. Update the F6000 firmware as follows:

1. Click Tools | F6000°Flash Loader.
2. Click Browse and,locate the package file to be loaded.

The release ngtice contains the name and location of the package
file. Thesfamesof the package file appears in the File field.

3. ClickeVerifyo confirm that the current firmware version is
compatible with the selected package file (refer to the Note below).

The Status field of the Flash Loader displays the progress of the
Veriff€ation in percent complete format. When complete, the Status

field displays Idle.

4. (Click Program to update the firmware with the selected package file.

I necessary, click Change to modify the settings for communication
between the computer and the F6000 Instrument.

Check the Marketing Release Notice to ensure that the firmware
enables all required options and enhancements, and is compatible with
the installed version of ProTesT.

A-2
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Use Verify to determine whether a package file is already in the RLASH.
The same determination can be made by comparing the software
revision of the F6150 with the one in the package file. The software
revision of the F6150 displays at power on. A package file consists of
ASCII data followed by a Control-z (DOS end of file cara€ter) followed
by binary data. The software revision is in the seconchlinesef the package
file as an ASCII string. The package file can be vieWed ifva text editor
such as Windows Notepad, or by using the type ‘€ofmmand in a DOS
window.

Communications Parameters

If the revised firmware does not load successfully, check the setup for
communication between the computer/anelthe F6000 Instrument. To
verify or change the communications settings:

1. Click Change in the Flashrkeader display.

The Set Communications Parameters display appears (Figure A.2).

Set Communications Parameters |

ISeriaI vl F'EIF!T:IEDm “"] SEEED: [57EO0
\ Save Settings
N7,

Figure'A.2 /Set Communications Parameters

2o Select'the correct setting from each of the three pick lists in the
display:
e Connection type: Serial or Ethernet
e Port: COM1 through COM4
e Speed: The connection speed must be 57,600 baud per second

3. Click OK to save the settings and close the display.

To abort the action, click Cancel.

G 72A-1589 Rev. C 02/01 A3



Communications Parameters

To make the settings in the Set Communications Parameters display‘the

default settings for future firmware updates, save them in the ProTest INI
file. To do so:

1. Click Save Settings.
The FlashLoader dialog box appears (Figure A.3).
2. Click Yes to save the settings in the INI file.

The FlashLoader dialog box closes.

FlazhLoader

Figure A.3 Save‘Communications Settings

The Flash Loader normallysapdates the FLASH by communicating with
the application that is alréady ifrthe FLASH. The link is made using either
serial or Ethernet cammunication. If there is no valid application in the
FLASH, the loadef“updates the FLASH by communicating with the boot
loader that is alreagly tythe FLASH. In this case, the update can only be
done using serialsgommunication.

A2

72A-1589 Rev. C 02/01  (ARA®

;



F6000 Family of Power System Simulators User Guide

Key Code Update

The Key Code Update utility installs options available for the F6000
Instrument (see "Options” on page 1-6). These options require a8*'Doble
Engineering software key for access. Obtain the softwafe key from the
Doble Engineering Company when the option is ptitchaseds The F6000
options available to the operator are identified by aumbers that scroll in
the Instrument Display after bootup.

NOTE The Key Code Utility is only required when options are to be installed in
' the field, as all ordered options are installed before delivery.
o To update the F6000 options:

1. Click Tools | F6000 Key Code frop the ProTesT menu bar.
The Key Code Update displaytappeass (Figure A.4).

#= Doble FEX Key Code Update. [ ]

F.ey Code I X ¢

I:::ummunin:atin:nr@u|'*’|1 Baud 37600 Change....
O U Cancel

Figure A.4 Key Code Update

2. Type the software key in the Key Code field.
3. «lick Update Code.
An éor message appears if an incorrect code is entered.

4., If Recessary, click Change to enter new communications parameters.
Réfer to “Communications Parameters” on page A-3.
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Appendix B. Ethernet Communications O

L 4

If the control PC is configured for Ethernet commufi %it can
communicate with the F6150 on a private networ e UDP/IP
protocol. When it initiates two-way communica C sends its IP

address to the instrument. Both the F6150 anddhe ust have an
IP address assigned.

NoTE One PC can control multiple F6000 Inst s via an Ethernet

connection, in order to execute end-to-end protection scheme tests

' under laboratory conditions. Contrm tiple F6000s using one PC
on

H eliminates the need for GPSsy&

N
>
$

L 4

Q
o
&
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Connect the Control PC to the F6150

Connect the Control PC to the F6150

To connect the Ethernet card in the control PC to the F6150, use two
50 ohm terminators and a 50 ohm coax 10Base2 network cable. The
terminators and the cable are supplied with the instrumengf

1. Connect one of the 50 ohm terminators to the network part'on the
right side of the instrument front panel.

2. Connect the second 50 ohm terminator to the gonmector on the
Ethernet card in the control PC.

3. Connect the supplied RG-58 coax cable to*hoth®the F6150 and the
control PC.

Figure B.1 illustrates two ways to make these connections.

To Computer;
Ethernet Connector:

T

T-Connector

s A0 [H—)

Lso Ohm /
Teésminator BNC Connector and
Use RG-58 Coax Cable
Either
Setup ,_:> To same setup
on the F6150
Jo Cemputer BNC Connector and Network Port
Ethernet Connector XRG-SS Coax Cable

((E[ HiE ==

T—Built-in 50 Ohm Terminator

Figure B.1 Alternate 50 Ohm Terminator Connections
for the Coax Cable

B-2
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Configure the Control PC

To configure Windows 95/98/NT for communication with the F6150 on a
private network:

1. Right-click the Network icon on the desktop apd select'Properties.

The Network display appears (Figure B.2).
MNetwork |

Configuration | Identificatinnl Arccesz Euntrulk

The following network. components are instal

Add... vﬂemnve | Properties |
ClisAtfer Microzaft Metworks j
y i -~

ile"and Frint Sharing... |

CTplion

CPYP iz the protocol vou uze to connect ta the Internet and
' e-area networks.

)
Ok, I Cancel |

Figure B.2 Network Display: Scroll to the TCP/IP Network Component

2. In the Configuration tab, scroll down the list of network components
and select the component that corresponds to the Ethernet card in the

control PC.
3. Click Properties underneath the list of network components.

The TCP/IP dialog box opens (Figure B.3 on page B-4).
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Configure the Control PC

TCPAIP Properties EE |

Bindings |  Advanced | Me®IDS |

OMS Configuration I (3 ateway I WINS Configuration  |P Address
An IP addrezs can be automatically aszigned to thiz com
|f wour nebwork, does not automatically azsign IP addresses, a
your nebwork, adminiztrator for an addrezz, and then yp
the zpace below.

©* i0btain an P address automaticalls

— Specify an IP address; A

[P Eddress:

4

Sutarethd asks:

Figure B.3 TCP/IP Properties

4. Click the”tP Address tab in the TCP/IP Properties dialog box.
5. Selecttheradio button for Specify an IP address.
The P Address and Subnet Mask fields become available.

6. In'the JP Address field, enter an IP address close to, but different from
theylP address that is displayed on the F6150 after it is turned on.

7 Efter the subnet mask in the Subnet Mask field (Figure B.4).
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TCP/IP Properties Ed |

Bindings |  Advanced | NetBIDS |
DMS Configuration I G ateway I WNS Configuration  |P Address

A&n IP address can be automatically aszigned to thiz L
IF your network. does not automatically aszign IP addiesseg, as
wour nebwork. administrator for an addresz, and theén bapet |
the space below,

—{* Specify an |P address;

" Dbtain an IP address autamaticho
\

1P Address:

0n0.001 . 003 .092

Subnet MaskE@Sp2hh 255 . 000 . 000

\v
{4
_A [ ok | Cancel

Figure B.4 IP Address Tab in TCP/IP Properties

8. Rebaot the computer to effect these changes.

9. JWhen,the computer has rebooted, double-click the MS-DOS icon on
the,desktop to open an MS-DOS window.
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Configure the Control PC

10. Type ping after the prompt, followed by a space and the IP addre@
the F6150.

e |f the Ethernet connection is working, four replies from the F&150
appear (Figure B.5).

L=l m1 2fs Al

Ci~HINDOWS Fuing 18.1.3.76
Tinging 108.4.3.70 with 12 bytes of datacs

Feply fran 18.1.2.96: bytez—22 tinc-1lnz TIL-25G
Feply fran 18.1.2.96: byte2-22 tinc<dOmz TTL-25G
Feply fron IM.1.3.7h: bytez=321 tine<iHme 1LIL= Jbe

Feply fron 1IM.1.3.%6: hytez=32 tine=1ns T1L=4b%

Fing statizakies foar 1TAC1 . 3_PR:
Farket=zz Sent = 4, Recplued = 4, La=mt =
Approximate round trip tines in milli- secnnd d
Mimimwn - Bwz. Maxioun - 1oz, Ave

N

C: W IHDOWS »

Figur, Successful Ping

bytess of data:

i Qe - 4, Aecvedived - B, Lust - 4
round trip times in milli seconds:
= Bmz, Moximum - nz. fivcrage — ma

{1HBx luss).

Figure B.6 Unsuccessful Ping

* * |If the ping is unsuccessful, check the network connections,
terminators, connecting cable, and network properties. Then try
again.
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11. Open ProTesT and click Setup on the menu bar.
The Setup dialog box appears (Figure B.7).
12. In the Instrument Default box, select Fé.

13. In the F6 Instrument box, enter the IP Address of thé instfument in the
IP Address field.

The instrument IP address appears in the Vacutim Bluorescent Display
(VFD) of the instrument front panel after boot-up.

14. In the Connect with box, select Ethernet:

Figure B.7 shows the Setup dialog box with these changes entered.

Databaze Engine |E:'\S annyED\winBE'\rtdskED._e:-:e_ - Browse |
A W |
Default Database | C:\Frogram Files\DigblebroT s8] \db'FroTesT.db =] Browse |

‘—
Syztem Frequency: IED.DDD
Auto Run Delay: |3 Se

Save results in Auto Bun [

— FE Instrument

2 o F8 Coornm Port |1 vl
P attery Off o Aot W Baud R ate |5FEDU v|
E2 Ihstrument —————— |P Address I'l 01.349z2

LG it I‘l vl Connect with:
= Serial
Eaud|Fate ISEDD vl ’7

&' Etherret
[oblecal@e Misakle N

Automatically 5ave B

Paste Test Results?

iCantral panel simulation: [

N
D@abas@mce Selting (in M) [5
st& cheme  [vawBVCI1I213 x| oK | Cancel |

Figure B.7 Setup Display Configured for Ethernet Communications

15¢ Click OK to apply the new settings.
16. Click Tools | Control Panel in the top menu bar of ProTesT.

The Control Panel opens and provides manual control of the

instrument.
NOTE If the control PC is subsequently connected to any kind of local-area or
wide-area network, return to the Network TCP/IP Properties display
! and select Obtain IP address automatically.
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Set the F6000 IP Address
L

Set the F6000 IP Address

The Set IP Address utility sets or changes the IP address that the
instrument uses for Ethernet communications. The current IP address of
the instrument, if assigned, appears in the display on the inétrument front
panel after a successful boot-up.

To set the instrument IP address:
1. Click Tools | F6000 IP Set in the ProTesT menugbar!
The Set F6000 IP Address dialog box appeats,(Figtire B.8).

Set FE000 IP Address |
P Address: | 4 .
o %l) _ e
IP Magk: I <<Get

‘
Cornmunications: |2enal COM1 Bay I
O

Figure B.8 Set F6000 IP Address

2. Enter the IP Address in the IP Address field.
3. Click Set.

4. Click Get toobtain the IP Mask that corresponds to the IP Address
entéred in step 3.

The maskename appears in the IP Mask field.

If nécessary, click Change to enter new communications parameters.
Refer to "Communications Parameters” on page A-3.
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Appendix C. Source Configurations

This appendix explains the configuration of power‘sgurees for the F6000
Instrument. Source configuration is set from ProTes]. tOWneet protection
scheme test requirements.

Convertible Voltage/Current Sources

Current Sources

The F6150 has three convertible V/I sources, @ach rated at 150 VA. These
sources are referred to as convertible /I seurces because the 6810
option allows them to be used as low range current sources. Each
convertible V/I source can be splitiintoitwo 75 VA sources to yield as
many as six 75 VA sources.

e  When in voltage modenthe fanges for the 150 VA sources are
75, 150, and 300 Vi The voltage ranges for the 75 VA sources are
75 and 150 V.

e  When in curreptthode, the ranges for the 150 VA sources are
0.5, 1.0, and 2:0fA.JThe current ranges for the 75 VA sources are
0.5 andgl.0 A.

The convertible seurces can be placed in transient current mode to
increase the output power by 30% and the current range by 50% for

1.5 seconds. When'in transient current mode, the 150 VA sources supply
195 VA for 15 seconds. The 75 VA sources supply 97.5 VA. The current
ranges for the 195 VA sources are 0.75, 1.5, and 3.0 A. The current
rangesforthie 97.5 VA sources are 0.75 and 1.5 A.

The F6000 has three current sources, each rated at 150 VA. Each 150 VA
edrrent source can be split in two to yield six 75 VA sources. The current
ranges for the 150 VA sources are 7.5, 15, and 30 A. The current ranges
for the 75 VA sources are 7.5 and 15 A.

The current sources can be placed in transient current mode to increase
the output power by 50% and the current range by 100% for 1.5
seconds. When in transient current mode, the 150 VA sources supply
225 VA for 1.5 seconds; the 75 VA sources supply 112.5 VA. The current
ranges for the 225 VA sources are 15, 30, and 60 A. The current ranges
for the 112.5 VA sources are 15 and 30 A.
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Rules for Source Selection
L

Rules for Source Selection

The F6000 software supports a maximum of eight sources at a time.
Apply the following rules for source selection and paralleling:

e A source is not usable if no source name is assjgnef.

e V\oltage sources cannot be paralleled, therefore néaduplication of
voltage source names is allowed. The maximgmipower for
voltage sources is 150 VA.

e The number of usable voltage sources is zero'ifyno source name is
assigned.

e To parallel 150 VA convertible sourags when in current mode,
assign the same source name to theysotitges to be paralleled.

For example, if all three conyertible sotirces in low current mode
are named IA, the three sources‘in pafallel yield 450 VA of power.
If the current range for thiesparalleled low current source is 3.0 A,
the compliance voltage,is 150 V-"See Table C.1.

e To parallel 150 VA curfent'seurces, assign the same source name
to the sources to be paralleled.

For example, if allithfeeteurrent sources are named 11, the three
sources togetheryieldsa single current source rated at 450 VA.

e Only adjacentd 50 VA sources can be paralleled. A maximum of
three currensotinces can be paralleled to create one 450 VA
source.

NOTE Low currentseonvertible sources and current sources must not be
paralleled.

o e When one 300 VA source and one 150 VA source are needed, the
figst two adjacent 150 VA sources supply 300 VA and the third
source supplies 150 VA.

e QEach 150 VA source is made up of a pair of 75 VA sources, and
these pairs must remain intact. Therefore a 150 VA source cannot
be paralleled with a 75 VA source from another pair.

e A 150 VA source can be split into two 75 VA sources only if it is
not paralleled with any other source.

e Convertible sources and current sources cannot use the same
source designations.

NoOTE When using paralleled current sources, it is recommended to parallel
the wiring in order to reduce cable heating and voltage drop.
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Compliance Voltage and Current Range

NOTE

The compliance voltage of a current source is the highest voltage into
which the current source can inject current. The formula for calculating
the compliance voltage of a current source is:

V=P+l

where P is the VA rating of the current source and '/ isithe current range.
For example, if a source is rated at 150 VA andithe(current range is set at
7.5 A, the compliance voltage for the source,is 20pV.

For maximum compliance voltage, use the'lewest current range that
can produce the desired test current. Forexample, if the test requires
5 A, set the range at 7.5 A, not 15 Aq

Table C.1 through Table C.4 showasange settings and compliance
voltages for all common source copfigurations. See Appendix G "F6150
Specifications”, for more informnatien on range settings.

Table C.1 Maximum Compliance Voltage for Low_ Current Source Combinations

Current Range

Maximum Compliance Voltage

75 VA Source

150 VA Source

300 VA Source

450 VA Source

0.5A

150 V

300V

1.0A

75V

L0 Y

300V

1.5A

300 V

2.0A

75V

150 V

3.0A

150 V

4.0A

75V

6.0 A

75V

GV 72A-1589 Rev. C 02/01
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Compliance Voltage and Current Range
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Table C.2 Maximum Compliance Voltage for Low Transient Current
Source Combinations

Maximum Compliance Voltage

Current Range 97.5 VA Source 195 VA Source 390 VA Source 585 VA, Source
0.75A 130V 260 V — —
1.5A 65V 130V 260 V —
2.25A — — — 260 V
3.0A — 65V 130 V —
45A — — = 130V
6.0 A — — 65W —
9.0 A — — = 65V
Table C.3 Maximum Compliance Voltage for Current Source Combinations
Maximum Compliance Voltage
Current Range 75 VA Source 150 VA(Source 300 VA Source 450 VA Source
7.5A 10V 200V 40V 60 V
15A 5V 10,V 20V 30V
22.5A — —= — 20V
30 A — 5V 10V —
45 A — — — 10V
60 A — — 5V _
90 A — — — 5V
o= 72A-1589 Rev. C 02/01  €4%R\s
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Table C.4 Maximum Compliance Voltage for Transient Current Source Combinations

Maximum Compliance Voltage

Current Range 112.5 VA Source 225 VA Source 450 VA Source 675'VA Source
15A 7.5V 15V 30V 45 V

30 A 3.75V 7.5V 15V 225V

45 A — — — 15V

60 A — 3.75V 7.5V —

90 A — — — 7.5V

120 A — — 3.78,V —

180 A — — - 3.75V

Pre-set Configurations

To configure the sourcgs'on the instrument front panel independently of
the preset optionsaseleqt User defined from the Pre-set Configurations
pick list in the E6000/Configuration display (Figure 3.4 on page 3-7). The

list of preset configurations contains thirteen options:

e User Defined

e 3 Vgltages,and 3 Currents

e 3Woltages and 3 Transient Currents

. A\oltages and 4 Currents

s GCurrents (right bank)
* %] Voltage and 2 Low Range Currents

*~ 1 Voltage 150 VA and 1 Current 450 VA
* 4 Voltages and 4 Transient Currents

e 6 Voltages

* 6 Low Range Currents

* 6 Low Range Transients

* 6 Transient Currents
e 1 Voltage and 2 Low Range Transients

GV 72A-1589 Rev. C 02/01
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Pre-set Configurations
-]

Figure C.1 through Figure C.12 illustrate the twelve pre-set
configurations in the list.

Convertible Sources
(Voltage or Low Current) Current SOurces

| |
ovAsoues | ®
e | OO~ O-@~O-O

(Black) —

e QO OO O O

Figure C.1 3 Voltagesand 3Currents

Caonvertible Sources
(Voltageer Low Current) Current Sources

|
soussuees | Q)
weee e SMO-O-O--O- OO

(Black) 4

a1 OO0 O O0 O

Figure C.2 3 Voltages and 3 Transient Currents
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(Red)

Terminals for
Return Lines
(Black)

75 VA Sources
(Red)

Convertible Sources
(Voltage or Low Current) Current Sources

| |
150 VA Sources — @ :

100 B000O

Figure C.3 4 Voltagesiand #Currents

(Red)

Terminals for
Return Lines
(Black)

75 VA Sources
(Red)

Conyertiblg Sources
(Voltage jor Low Current) Current Sources

o L QPO O

1000 00O

Figure C.4 6 Currents (right bank)
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Pre-set Configurations

Convertible Sources
(Voltage or Low Current) Current Sources

| |
150 A Surces O 0,0
e - OO O 10O~ O

(Black) —

e QO ONOG O O

Figure C.5 1 Voltage and 2 Low/Range Currents

Convertible Sogrces
(Voltagefor Low Cuifrent) Current Sources

| |
. OO0 O O O O
(Red) |
Terminals for
Return Lines @ @ @ @ @ @

(Black) N

w00 0 00O

Figure C.6 1 Voltage 150 VA and 1 Current 450 VA

C-8

72A-1589 Rev. C 02/01

ok

[

Yo



F6000 Family of Power System Simulators User Guide

(Red)

Terminals for
Return Lines
(Black)

75 VA Sources
(Red)

Convertible Sources
(Voltage or Low Current) Current Sources

| |
150 VA Sources — @ :

1006000

Figure C.7 4 Voltages and 4 Transient Currents

(Red)

Terminals for
Return Lines
(Black)

75 VA Sources
(Red)

Conyertiblg Sources
(Voltage jor Low Current) Current Sources

S OO0

10000000

Figure C.8 6 Voltages
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Pre-set Configurations

—C
O

Convertible Sources
(Voltage or Low Current) Current Sources

|
150 VA Sources — ‘ ‘ ‘ @ %
(Red) |

Terminals for
Return Lines
(Black)

75 VA Sources
(Red)

ent) Current Sources

150 VA Sources —
(Red)
R 4
Terminals for | e
Return Lines
(Black)

-’00 0 000

Figure C.10 6 Low Range Transients
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Convertible Sources
(Voltage or Low Current) Current Sources

| |
150 VA Sources —
wet QO O O O
Terminals f
e - OO 0700

(Black) —

5100 W 0 O
Red

Figure C.11 6 Transient Currents

Conyertiblg Sources
(Voltage jor Low Current) Current Sources

| |
150 A Surces O O O
e £ NO-O- OO OO

(Black) —

gl 00 0000

Figure C.12 1 Voltage and 2 Low Range Transients
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Appendix D. Global Positioning System

The receiver and antenna available for the F6150 e uséful'for
end-to-end testing, where two instruments must be,presisely
synchronized in order to simulate a power system fatlyaccurately. Each
F6150 synchronizes its internal clock with the@nelpulse per second
signal transmitted by satellites in the Global Positiening System (GPS).
This setup allows multiple F6150s to synchrenizesto a common reference
signal without the need for networking.

GPS Synchronization

End-to-end testing of a protection scheme requires that two F6000
Instruments not connected tothésame network be precisely
synchronized. Two F6000 Ihistruments inject the same fault at each end
of the line at the same maoment™When an actual fault occurs, the relay at
the near end and the relay agthe far end of the line both detect the fault
simultaneously. In thig sittiation, the only way to simulate what each
relay sees is to appWthefault to each relay at exactly the same time.

End-to-end testifgdising GPS synchronization permits evaluation of a
complete protéetiomscheme. The test evaluates the performance of the
system'’s protéetivedrelays and its communication equipment. Figure D.1
on page D-2 gives an overview of all the components required to
conduct’an end-to-end test using GPS synchronization.
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GPS Synchronization

GPS
Antenna

GPS Satellite
4
~ ~
v ~
g > Q
e AN
7 AN
// 4 < \\
) - \ @
Ve N
Ve N
Ve AN
/ AN
Ve AN
# \§ A GPS
Antenna
Communicati
Link 25
F6150
Instrument
Relays
under test
PC with
ProTesT

L 4

Figure D.1 End-to-End Testing with GPS Synchronization
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Equipment Setup

GPS synchronization requires a GPS satellite receiver (Option F6885)
and a GPS antenna (Option F6895). When the antenna is connécted to
the GPS port on the instrument front panel, it sends thefsatellite’s timing
signal to the F6000 Instrument.

The GPS antenna comes with the following equipfent:

e 100-foot cable

e Connector for the F6000 Instrument (15-pit)

e Connector for the F2000 Instrument(Q-pin)

e 12V DC power supply, with poweg cord and connecting line

To use the GPS:

1. Connect the 15-pin adapter cable forthe F6000 Instrument to the
GPS port on the instrumentfront panel.

2. Connect the 100-foot dablete,the adapter cable.
3. Place the 8-inch diaméter GPS antenna outside in an open area.

The antenna shouldBe two to three meters away from walls or other
obstructions te,get’360% coverage.

Connect thé 100@~foot cable to the antenna.

Connect the, 128 DC power supply to the adapter cable.
Plug thefpowersupply into a 115 V or 230 V AC outlet.
Turnthe F6Q00 Instrument on.

NS e

WHen the power supply is plugged in and the GPS antenna is properly
positioned, the antenna receives signals from the satellite. The antenna
transmits a pulse per second signal to the instrument, along with a serial
commuinication stream to identify the time of day. The equipment setup
in Bigure D.2 on page D-4 shows all of the equipment required for the
test.
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Conduct the Test

—Q
G

GPS Antenna

Adapter Cable wi
15-Pin Connector

100-foot

F6150

Relay under test

/

12V DC GPS 115V AC
Power Supply  Power Cord

PC with
ProTesT

is connected and powered as shown in

F6000 Instrument on. The normal sequence of

Figure uipment Setup for GPS Synchronization

When the GPS

messages i
sequerfe
“Allow several minutes for the initialization process. When

initializihg

th &s ready, GPS 6 Sats appears, followed by the time in
Um ime Coordinates: GPS 17:04:26 UTC. This message indicates
that the components are connected correctly and the instrument is
nized to the GPS clock.

Conduct th N
The ProTesT Starter Kit includes the control software needed for

end-to-end testing with GPS synchronization.

Use the State Simulation (SSIMUL) or TRANS macro in ProTesT to
4 conduct an end-to-end test. Use the Power System Model in ProTesT to
specify the values needed for the test table in the State Simulation macro.
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1. With the technician at the other end of the transmission Iine,@
the exact time to conduct the test.

2. Enter the agreed time in the Go At field of the ProTesT display.

Once each second, the F6000 receives the exact ti m the GPS
receiver. When the reference time is the same mon Go At

time specified for each test instrument, the twognstfuments apply the
specified fault to each relay. %

For example, the technicians agree by phone t ct the test at

17:00:00 UTC. They program each instrumengto deliver the same fault
to each relay at the same time. Since both instruments key on the same
satellite, their internal clocks are synchronized and they both inject the

fault at precisely 17:00:00 UTC. @

72A-1589 Rev. C 02/01 D-5
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Appendix E. Timing Between State Changes

NOTE

The F6150 builds waveforms based on a 10 kHz samplerate. Its
waveforms are assembled with data every 100 microséeonds or

0.1 milliseconds. When the instrument generatesia wawveform, it rounds
the total time for the required number of cyclesyto the/nearest

0.1 millisecond.

In a 60 Hz waveform, for example, one qycle,is Completed over
16.66666... milliseconds. Under the roufging function, the cycle
actually completes at 16.7 millisecondsikortwo cycles at 60 Hz, the
time is 33.33333... millisecondspiounded to 33.3 milliseconds.

The rounding function may cause'a discrepancy between expected and
actual times for state simulatiops'where a timer is started in one state and
stopped after one or severalstatesyvith a long duration time. A
workaround for this discrgpancysis to have state durations in factors of
time that negate the rounding,factor.

For example, 60 Hz durations in factors of three cycles per state (3, 6,
9..., 63...) equate tojan even 50 milliseconds per three-cycle duration. In
this case, no disesepancy appears because no rounding is used to
generate the wayefogm.

50 Hz systéms do,not use the rounding function at all, as their base time
unit per eycle,is’20 milliseconds.
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Appendix F. Field Calibration Verification

This appendix defines testing specifications and préogedures for
performing Amplitude and Distortion tests, and Phase Shift tests on
configured current and voltage sources.

Testing Specifications

Ambient Accuracy

Test Setup

Test Equipment

F6000 Test Instruments are normally used'im areas where the temperature
is between 68 and 86 °F (20-30°G)and,the AC power is within £10% of
115 (or 230) V. Under these conditions, and when connected to a load
that does not exceed the soureg’s*range limits, F6000 AC test signals are
warranted to meet the following ‘aecuracy specifications:

Amplitude +0.03% of range from 0 to 10% of range, and
within %0.3% of setting from 10 to 100% of range
fof High Current and Convertible Voltage Sources.

Amplitude +0.06% of range from 0 to 10% of range, and
within £0.6% of setting from 10 to 100% of range
for Convertible Current Sources.

Phase Angle +0.25° at 50 or 60 Hz.
Distortion 2% maximum at 50 or 60 Hz., 0.1% typical

Alambient accuracy tests are measured with open circuit Voltage
Sources. All Current Sources are measured with either a shunt or
ammeter connected across the output.

All test equipment must be more accurate than the signal being
measured, and have a valid calibration sticker tracing the calibration to
the Nation Bureau of Standard references. As a reference, the instruments
used by Doble Engineering for factory calibration of the F6000 are listed
in Table F.1 on page F-2.
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Table F.1 Test Equipment

Equipment Manufacturer Model Number
Voltmeter Hewlett Packard Model 3458A
Phase Meter Arbiter Model 934A
Current Meter Arbiter Model(93TA
Distortion Analyzer Krohn-Hite Model,6880A
100 A Shunt Julie €S-TR-100-2-05A
20 A Shunt Julie (CS-1R-20-1-0TA

The Arbiter Current Meter is used for'‘€onvertible Source Current
measurements only. All other current'measurements are made with the
Julie shunts. A differential amplifier with a gain of 10 is used to boost

the shunt output for distortion‘'meastirements.

Amplitude and Distortion Checks

The amplitude and distartion,heck consists of measuring the amplitude
and total harmoni@distortion (THD) from configured current and voltage
sources, and comparingthe measurements to specified values. This test is
conducted on thefollewing source types:

e High Curgent Sources
e Convertible Low Current Sources
e Convertible Voltage Sources

75 VA High Current Soufce
T6 perform the Amplitude and Distortion check on a 75 VA High Current

Source:

1. } Configure the F6000 for six currents (right bank) using the Pre-set
Configurations on the F6000 Configuration display in ProTesT.

Refer to "F6000 Configuration” on page 3-7 for more information.

2. Set the range to 7.5 A and amplitude to 7.5 A. Connect an ammeter
or appropriate shunt across the Source 11 output terminals, and turn

the source ON.

Verify that the amplitude is within limits and the total harmonic
distortion (THD) is <2%.

F-2
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3. Change the amplitude as shown in Table F.2.

Verify that the amplitude and distortion are within the limits.
4. Repeat step 3 for the 15 A range.
5. Repeat steps 2, 3, and 4 for Source 12, 13, IR, IS, and I#"

NoTE The load, including wire and connections, must not exgeed the Max.
Load specified in Table F.2.

o Table F.2 lists the specifications for the 75 VA High"@trrent Source
measurements. Minimum and maximum aniplitudes are given in
amperes. When using a 4-terminal shuntg€énvert the values to the
appropriate voltages.

Table F.2 75 VA High Current Sourcel(Specification

Range | Max. Load Value Minimum | Maximum | Max. THD

7.5 A ] 1.333 Ohm | 735IA "N, 7.48 A 7.523 A 2%
0w/5A | 0748 A | 0.7523 A | 2%
15 A 0.333 Ohm [fT5:0 A | T496 A | 15.05A 2%
T5A | 1.496A | 1.505A 2%

Figure F.1 show&a typical setup for 75 VA (right bank) Current and
Distortion pieasurement.

Voltmeter
E6000 |
Instrument 20 Amp Diff. Amp Distortion
Shunt Analyzer
I

Figure F.1 75 VA High Current Source Measurement
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150 VA High Current Source

150 VA High Current Source

To perform the Amplitude and Distortion check on a 150 VA High
Current source:

1. Configure the F6000 for three 150 VA Currents by clicking User
Defined on the F6000 Configuration display in ProTes].
e Set the number of Current Sources to 3.
e Set the number of Convertible V/I Sources t,0.

2. Set the range to 7.5 A and amplitude to 7.5 Ay Copnect an ammeter
or appropriate shunt across the Source 11gottgut terminals, and turn
the source ON.

Verify that the amplitude is within limits'and the total harmonic
distortion (THD) is <2%.

3. Change the amplitude as shewa inWable F.3 and verify that the
amplitude and distortion age within‘the limits

4. Repeat step 3 for the 15 and 30,A range.
5. Repeat steps 2, 3, and dafor Seurce 12 and 13.

NoTE The load including wire and connections must not exceed the Max.
Load in Table F.3.

o Table F.3 lists th&specifications for the 150 VA High Current Source
measurements. Minifaum and maximum amplitudes are given in
amperes. Whefl usifig a 4-terminal shunt, convert the values to the
appropriateg voltages.

Table F.35\150"VA High Current Source Specification

Range “WMax. Load Value Minimum | Maximum | Max. THD

7.5 A | 2.67 Ohm 75A | 7.48A 7.523 A 2%
0.75A | 0.748 A | 0.7523 A | 2%
15 A 0.67 Ohm 15.0A | 1496 A | 15.05 A 2%
1.5A | 1.496A | 1.505A 2%
30 A 0.167 Ohm | 30.0A | 2991 A | 30.09 A 2%
30A | 2991 A | 3.009 A 2%

[ 72A-1589 Rev.C 02/01 €\
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Figure F.2 shows a typical setup for 150 VA (right bank) High Current and
Distortion measurements.

Voltmeter
F6000 1
Instrument 20/100 Diff. Amp Distortion
Amp Analyzer
Shunt
fb——"7

Figure F.2 150 VA High Current'Source Measurement

300 VA High Current Source

To perform the Amplitude ad@Ristortion check on a 300 VA High
Current source:

1. Configure the F6000 for oned00 VA Current source by clicking User
Defined on the F6000 Cenfiguration display in ProTesT.
¢ Set the number of Ctitrent Sources to 2.
e Set the gumber of Convertible V/I Sources to 0.
e Set the Curtent Sources Reference Designations so that both
sources age named I1.

2. Set the fangeyo 7.5 A and amplitude to 7.5 A. Connect an ammeter
or appropriate shunt across the Source 11 output terminals (both /1
terminalsimust be connected to the ammeter or shunt), and turn the
source"ON.

Verify that the amplitude is within limits and the total harmonic
distortion (THD) is <2%.

3. JChange the amplitude as shown in Table F.4 and verify that the
amplitude and distortion are within the specified limits.

4. Repeat step 3 for the 60 A range.

NoTE The load including wire and connections must not exceed the Max.
' Load specified in Table F.4.
o Table F.4 lists the specifications for the 300 VA High Current Source

measurements. Minimum and maximum amplitudes are given in
amperes. When using a 4-terminal shunt, convert the values to the
appropriate voltages.
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450 VA High Current Source

Table F.4 300 VA High Current Source Specification

Range | Max. Load Value Minimum | Maximum | Max. THD
7.5A |5.330hm 75A | 748A 7.523 A 2%
0.75A | 0.748 A | 0.7523 AN, 2%
60 A 0.0833 Ohm | 60.0 A | 59.82 A | 60.18 A 2%
6.0A | 5982A |6.018A 2%

Figure F.3 shows a typical setup for 300 VAdHigh"@urrent and Distortion

measurements.
Voltmeter

F6000 —
Instrument

50 /100 Diff. Amp Distortion
2150 VA N Analyzer
sources in e
parallel.

Figure F.3, 300,VA High Current Source Measurement

450 VA High Current Source

To perform(the Amplitude and Distortion check on a 450 VA High
Current séurcer

1.

Configure the F6000 for one 450 VA Current Source by clicking User
Defined on the F6000 Configuration display in ProTesT.

e Set the number of Current Sources to 3.

¢ Set the number of Convertible V/I Sources to 0.

e Set the Current Sources Reference Designations so that all three
sources are named I1.

Set the range to 7.5 A and amplitude to 7.5 A, connect an ammeter or
appropriate shunt across the Source |1 output terminals, (all three 11
terminals must be connected to the ammeter or shunt) and turn the
source ON.

Verify that the amplitude is within limits and that the total harmonic
distortion (THD) is <2%.

F-6
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3. Change the amplitude as shown in Table F.5.

Verify that the amplitude and distortion are within the limits.

4. Repeat step 3 for the 90 A range.

NoOTE

The load including wire and connections must not exceed the Max.
Load in Table F.5.

o Table F.5 lists the specifications for the 450 VA High'@urrent Source

measurements. Minimum and maximum amplitudes are given in
amperes. When using a 4-terminal shunt, convertithe values to the

appropriate voltages.

Table F.5 450 VA High Current Source,Specification

Range | Max. Load Value Minimum | Maximum | Max. THD
75A | 8 Ohm 7 5A .48 A 7.523 A 2%

025 A% 0.748 A | 0.7523 A | 2%
90 A 0.0555 Ohm |9Q.0 A | 59.82 A | 60.18 A 2%

90 A 5982A | 6.018A 2%

Figure F.4 shows,atypical setup for 450 VA (right bank) High Current and
Distortion measurements.

Voltmeter
F6000 —
Instrument
50/100 Diff. Amp Distortion
30 150 VA amp Analyzer
sources in I
parallel

Figure F.4 450 VA High Current Source Measurement
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75 VA Convertible Low Current Source
L

75 VA Convertible Low Current Source

To perform the Amplitude and Distortion check on a 75 VA Convertible
Low Current source:

1.

4.
5.

Configure the F6000 for six Low Current sources using(thesRre-set
Configurations on the F6000 Configuration display thProlesT.

Set the range to 0.5 A and amplitude to 0.5 A, conpheggan’ammeter or
appropriate shunt across the Source 11 output terminals, and turn the
source ON.

Verify that the amplitude is within the limits,andsthat the total
harmonic distortion (THD) is <2%.

Change the amplitude as shown in TableE.6:

Verify that the amplitude and distortionyare within the limits.
Repeat step 3 for the 1 A range.

Repeat steps 2, 3, and 4 fonSouree 12, 13, IR, IS, and IT.

Table F.6 lists the specifications forthe 75 VA Convertible Low Current
Source measurements. Mipimurmyand maximum amplitudes are given in
amperes. When using a 4dtefmimal shunt, convert the values to the
appropriate voltages.

Table F.6 75 VAConvertible Low Current Source Specification

Range | Max. Load | Value Minimum | Maximum | Max. THD
0.5A |Ammeter/ | 0.5A | 0.497A | 0.503A 2%
Shunt
0.05A | 0.0497 A | 0.0503 A | 2%
T\ 1T.0A | 0.994A | 1.006A 2%
0.1TA | 0.0994 A | 0.1006 A | 2%

Eigure F.5 shows a typical setup for 75 VA Convertible Low Current
Source measurements.

F6000 Ammeter

Instrument &
Distortion
Analyzer

Figure F.5 75 VA Convertible Low Current Source Measurement

F-8
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NoTE The ammeter and THD Analyzer are functions of the Arbiter 931A.

150 VA Convertible Low Current Source

To perform the Amplitude and Distortion check op#agl 508WVA Convertible
Low Current source:

1.

4.
5.

Configure the F6000 for three Low Current 156, VA sources by
clicking User Defined on the F6000 Configugation display in ProTesT.

¢ Set the number of Current Sourceés,to O:
¢ Set the number of Convertible™IhSotirces to 3.
e Set the Convertible V/I S@uice designations to 11, 12, and 13.

Set the range to 0.5 A and amplitude to 0.5 A, connect an ammeter or
appropriate shunt across the Seusce 11 output terminals, and turn the
source ON.

Verify that the amplitdde is within limits and the total harmonic
distortion (THD) is<2%.

Change the amplitude as shown in Table F.7.

Verify that the amplitude and distortion are within the limits.
Repeat step'8,forithe 1 and 2 A range.

Repeat Stepsy2, 3, and 4 for Source 12 and 13.

Table F.7°on page F-10 lists the specifications for the 150 VA Convertible
Low CurkentSource measurements. Minimum and maximum amplitudes
are @iveén,in amperes. When using a 4-terminal shunt, convert the values
to the,appropriate voltages.
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300 VA Convertible Low Current Source
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Table F.7 150 VA Convertible Low Current Specification
Range | Max.Load | Value Minimum | Maximum | Max. THD
0.5A | Ammeter/ | 0.5A | 0.497A | 0.503A 2%
Shunt
0.05 A | 0.0497 A | 0.0508 AN, 2%
1A 1.0A 0.994 A 1.006,A 2%
0.TA 0.0994 A GO0.TOR6' A | 2%
2A 2.0A 1.988 A "3,2.012 A 2%
0.2 A 0,1988 A 1M0.2012 A | 2%

Figure F.6 shows a typical setupder, 150, VA Convertible Low Current and
Distortion measurements.

F6000 Ammeter

Instrument &
Distortion
Analyzer

Figure F.6 150,VA\Convertible Low Current Source Measurement

NOTE

300 VA Convertible Lew Current Source

The ammetér and*THD Analyzer are functions of the Arbiter 931A.

Jd0 perform the Amplitude and Distortion check on a 300 VA Convertible
Low Current source:

T. Configure the F6000 for one Low Current 300 VA source by clicking
User Defined on the F6000 Configuration display in ProTesT.

¢ Set the number of Current Sources to O.
¢ Set the number of Convertible V/I Sources to 2.

e Set the Convertible V/I Source designations to IT and I1 (two
sources with the same name).

F-10
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2. Set the range to 1 A and amplitude to 1 A, connect an ammeter or
appropriate shunt across the Source |1 output terminals, (both I1
terminals must be connected to the ammeter or shunt) and turn the
source ON.

Verify that the amplitude is within limits and that thestotal harmonic
distortion (THD) is <2%.

3. Change the amplitude as shown in Table F.8.

Verify that the amplitude and distortion are Withifi the limits.

4. Repeat step 3 for the 2 and 4 A range.

Table F.8 lists the specifications for the 300 VA*Convertible Low Current
Source measurements. Minimum anddaximum amplitudes are given in
amperes. When using a 4-termigal shufit, convert the values to the

appropriate voltages.

Table F.8 300 VA Convertible;\Low Current Source Specification

Range | Max. Load | Value Minimum | Maximum | Max. THD
1A Ammeter /(| MOA | 0.994 A 1.006 A 2%
Shunt
0.1 A |0.0994 A | 0.1006 A | 2%
2A 2.0A 1.988A | 2.012A 2%
0.2A | 0.1988 A | 0.2012A | 2%
4A 40A 3976 A | 4.024 A 2%
04A |0.3976 A | 0.4024 A | 2%

FigtiserF.7 shows a typical setup for 300 VA Convertible Low Current and
Distortion measurements.

F6000

Instrument

Ammeter
&
Distortion
Analyzer

Figure F.7 300 VA Convertible Low Current Source Measurement

GV 72A-1589 Rev. C 02/01
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450 VA Convertible Low Current Source
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NoTE The ammeter and THD Analyzer are functions of the Arbiter 931 A:

450 VA Convertible Low Current Source

To perform the Amplitude and Distortion check on a 450,VAWConvertible
Low Current source:

1. Configure the F6000 for one Low Current 450 VAysource by clicking
User Defined on the F6000 Configuration display’in ProTesT.

¢ Set the number of Current Sources t@0.
¢ Set the number of Convertible V/I#SQurces to 3.

e Set the Convertible V/I Sourdgdesignations to I1, 11, and |1 (three
sources with the same name).

2. Setthe range to 1.5 A and amplittideito 1.5 A, connect an ammeter or
appropriate shunt across theiSouree |1 output terminals, (all three 11
terminals must be connegted totthe ammeter or shunt) and turn the
source ON.

Verify that the amplitudé isiwithin limits and that the total harmonic
distortion (THD) is <2%.

3. Change the amplitude as shown in Table F.9 and verify that the
amplitude and distortion are within the limits.

4. Repeat step 34forthe 3 and 6 A range.

Table F.9 ot page F-13 lists the specifications for the 450 VA Convertible
Low CurrentiSource measurements. Minimum and maximum amplitudes
are given intamperes. When using a 4-terminal shunt, convert the values
to thé appropriate voltages.
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Table F.9 450 VA Convertible Low Current Source Specification

Range | Max. Load | Value Minimum | Maximum | Maxs THD
1.5A | Ammeter/ | 1.5A | 1.491 A | 1.509 A 2%
Shunt
0.15A | 0.1491 A | OA509%A " | 2%
3A 3.0A | 2982A | T8A 2%
0.3A | 0.2982A ["03018 A | 2%
6 A 6.0 A | 5.964A, | 6.036 A 2%
0.6 A 4] 05964 A | 0.6036 A | 2%

Figure F.8 shows a typical setup.foR450 VA (right bank) Convertible Low
Current Source measurement.

F6000

Instriiment

37150 VA
sources in
parallel

Ammeter
&
Distortion
Analyzer

Figure K8 450 VA Convertible Low Current Source Measurement

NoOTE

75 VA Convertible (Voltage Source

To perform the Amplitude and Distortion check on a 75 VA Convertible
Voltage source:

The ammetet, and THD Analyzer are functions of the Arbiter 931A.

1. Configure the F6000 for six voltages using the Pre-set Configurations
on the F6000 Configuration display in ProTesT.

2. Set the range to 75 V and amplitude to 75 V, connect the test
instruments as shown across Source VA and turn the source ON.

Verify that the amplitude is within limits and that the total harmonic
distortion (THD) is <2%.

GV 72A-1589 Rev. C 02/01
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150 VA Convertible Voltage Source

3. Change the amplitude as shown in Table F.10.

Verify that the amplitude and distortion are within the limits.
4. Repeat step 3 for the 150 V range.
5. Repeat steps 2, 3, and 4 for Source VB, VC, VR, VS, and ¥R
Table F.10 lists the specifications for the 75 VA Convertible,Voltage

Source measurements.

Table F.10 75 VA Convertible Voltage Source Specifications

Range | Max. Load | Value Minimum /{ Maximum | Max. THD
75V Open 75V 74.8 V 75.2V 2%
75V | 748V 7.52V 2%
150 V 150 V@ml49%e V' | 150.5V 2%
15V 96V | 15.05V 2%

Figure F.9 shows a typical setup'fer the 75 VA Convertible Voltage Source
measurements.

F6000
Instrument

Voltmeter

Distortion
Analyzer

Figure F.9 75 VA Convertible Voltage Source Measurement

150 VA Convertible Voltage Source

To perform the Amplitude and Distortion check on a 150 VA Convertible
Voltage source:

1. Configure the F6000 for three 150 VA voltages by clicking User
Defined on the F6000 Configuration display in ProTesT.

e Set the number of Voltage Sources to 3.
e Set the number of Current Sources to 0.

F14
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2. Set the range to 75 V and amplitude to 75 V, connect the test
instruments as shown across Source VA and turn the source ON.

Verify that the amplitude is within limits and that the total hasmonic
distortion (THD) is <2%.

3. Change the amplitude as shown in Table F.11.

Verify that the amplitude and distortion are within, the limits.
4. Repeat step 3 for the 150 and 300 V range.
5. Repeat steps 2, 3, and 4 for Source VB and VC

Table F.11 lists the specifications for the I50%A Convertible Voltage
Source measurements.

Table F.11 150 VA Convertible)oltage Source Specification

Range | Max.Load | Valtue Minimum | Maximum | Max. THD
75V Open 75N 74.8 V 752V 2%
78V 748V 7.52V 2%
150 V 150V | 149.6V | 150.5V 2%
15V 1496V | 15.05V 2%
300 V 300V |299.1V | 3009V 2%
30V 2991V | 30.09V 2%

Figure R.10 shows a typical setup for the 150 VA Convertible Voltage

SourCeymeasurements.

Voltmeter
F6000
Instrument Distortion
Analyzer

Figure F.10 150 VA Convertible Voltage Source Measurement
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Phase Shift Testing

75 VA (Right Bank) High Current Sources at 50 or 60 Hz

To perform the Phase Shift test on a 75 VA High Current sgurceyat 50 or
60 Hz:

1. Configure the F6000 for six currents (right bank) ySifig the Pre-set
Configurations on the F6000 Configuration displayfin ProTesT.

Set all six ranges to 7.5 A and all amplitudes,to 5'A,

Set all six phase angles to 0°.

Connect source |1 to the reference input ofithe phase meter.
Connect source 12 to the signal inputof therphase meter.
Turn both sources ON.

Verify that the phase angle is‘withing: 0.25°.

Turn OFF the signal source:

© RPN AW

Repeat steps 5 through 8 fogsources 13, IR, IS, and IT as signal
sources.

Figure F.11 shows agtypieal setlip for phase testing six Current Sources.
The phase meter shewa'is an Arbiter model 931 A.

F6000 Phasemeter
Instrument
11 Reference
12 Signal

Figure F.11 Test Setup for Phase Testing Six Current Sources
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75 VA Convertible Voltage Sources at 50 or 60 Hz O
To perform the Phase Shift test on a 75 VA Convertible Voltage source at
50 or 60 Hz:

4
1. Configure the F6000 for six voltages using the Pre-@figurations
on the F6000 Configuration display in ProTesT\

Set all six ranges to 75 V and all amplitudes m

Set all six phase angles to 0°.

Connect source VA to the reference inp the phase meter.
Connect source VB to the signal inp@ phase meter.
Turn both sources ON.

ithi .25°,

Verify that the phase angle i

NS RN

Turn OFF the signal sour
9. Repeat.

Figure F.12 shows a typical setgfor phase testing six voltage sources.
The phase meter shown,is am, Arbiter model 931 A.

! 6 Phasemeter

Reference

Signal
L 4

e F.12 Test Setup for Phase Testing Six Voltage Sources

L
o
&
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Appendix G. F6150 Specifications

Convertible Voltage/Current Sources

Each 150 VA Convertible V/I Source can be usedfs awoltage source or
optionally as a low range, high-power current sotirce,

Source Configurations

Output Power Continuous

Output PowerfTransient for 1.5 Sec.

6*75 VA sources

6*97.5 VAysoulces

3*150 VA sources

3*195%V/A sources

1*450 VA source

1*585 VAssource

1*300 VA and 1*150 VA source

1%390 VA and 1*195 VA source

Ranges and Resolution
150 VA Source

Ranges (Resolution)

AC Voltage 75, 150, 300 V rms (0.01V)
DC Voltage 106, 212 V (0.01 V), 300 VDC (0.1 V)
AC Current

1.5"'Seconds Transient
Continuous Power

0.75, 1.5, 3.0 A rms (0.0001 A)
0.5, 1.0, 2.0 A rms (0.0001 A)

DC Current
1.5 Seconds Transient
Continuous Power

0.53, 1.06 A (0.0001 A), 2.12 ADC (0.001 A)
0.354, 0.707 A (0.0001 A), 1.41 ADC (0.001 A)

Each 150 VA convertible V/I source can be split into two 75 VA sources.
Two 150 VA convertible low current sources can be combined into one
300 VA current source. Three 150 VA convertible low current sources
can be combined into one 450 VA current source.

GV 72A-1589 Rev. C 02/01
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Ranges and Resolution

75 VA Source

Ranges (Resolution)

AC Voltage 75,150, V rms (0.01 V)
DC Voltage 106, 212 VDC (0.1 V)
AC Current

1.5 Seconds Transient
Continuous Power

0.75, 1.5, Arms (0.0001 A)
0.5, 1.0, A rms (0.0001,A)

DC Current
1.5 Seconds Transient
Continuous Power

0.53, 1.06 ADC (0.0001 A)
0.354, 0.707 ADCA0:0001 A)

300 VA Source
Rangesy(Resolution)
AC Current
1.5 Seconds Transient 1.5M3.0%, 6.0 A rms (0.0001 A)
Continuous Power T.020°A, 4.0 A rms (0.0001 A)
DC Current
1.5 Seconds Transiént 1.06 A (00001 A), 2.1 2,4.24 ADC (0001 A)
Continuous Power. 0.707 A (0.0001A), 1.41 A, 2.83 A (0.001 A)
450 VA Source
Ranges (Resolution)
AC Current
1.5 Seconds Transient | 2.25,4.5A, 9.0 Arms A (0.001 A)
Continueus Power 1.5,3.0A, 6.0 Arms A (0.001 A)
DC Current
1.5 Seconds Transient 1.59 A (0.0001 A), 3.18, 6.36 ADC (0.001 A)
Continuous Power 1.06 A, 2.12 A, 4.24 ADC (0.001 A)
G2 72A-1589 Rev. C 02/01  €3R
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Current Sources

Source Configurations

Output Power Continuous

Output Power Transient forid.5 Sec.

6*75 VA sources

6*112 VA sources

3*150 VA sources

3*225 VA sources

1*450 VA source

1*675 VA source

1*300 VA and 1*150 VA source

1*450 VA and T%225 VA source

Ranges and Resolution
150 VA Source

Ranges (Resolution)

AC Current
1.5 Seconds Transient
Continuous Power

15, 30 A (0.001 A), 60 A rms (0.01 A)
7.3,15 A (0.001A), 30 A rms (0.01A)

DC Current
1.5 Seconds Transient
Continuous PeWwer

10, 20, 40 ADC (0.01 A)
5 A (0.001A), 10, 20 ADC (0.01 A)

Each 150 VA,Current source can be split into two 75 VA sources. Two
150"VA ‘eurrent sources can be combined into one 300 VA current
soufce. Three 150 VA current sources can be combined into one 450 VA

elirréht source.
75 VA Source

Ranges (Resolution)

AC Current
1.5 Seconds Transient
Continuous Power

15, 30 A rms (0.001 A)
7.5,15 A rms (0.001 A)

DC Current
1.5 Seconds Transient
Continuous Power

10, 20 ADC (0.01 A)
5 A (0.001A), 10 ADC (0.01 A)

GV 72A-1589 Rev. C 02/01
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Battery Simulator

300 VA Source

450 VA Source

Ranges (Resolution)

AC Current
1.5 Seconds Transient
Continuous Power

15, 30 A (0.001 A), 60, 120 A .rms (70} A)
7.5,15 A (0.001 A), 30, 60 A rms, (001 A)

DC Current
1.5 Seconds Transient
Continuous Power

10 A (0.001 A), 20, 40, 8ADEA0.01 A)
5 A (0.001 A), 10, 20, 49 ADE (0.01 A)

Ranges (Resolutioh)

AC Current
1.5 Seconds Transient
Continuous Power

15, 30 A0:00% A), 45, 90, 180 A rms (0.01 A)
7.5, 15,2235 ,(0.001 A), 45 A, 90 A rms (0.01 A)

DC Current
1.5 Seconds Transient
Continuous Power

10°A\0.001 A), 20, 30, 60, 120 ADC (0.01 A)
5'A((0:001 A), 10, 15, 30, 60 ADC (0.01 A)

Battery Simulator

Range: 48, 1250 250,VDC
Power: 60 Watts,3lgb A maximum
50/60 Mz Ripple? <0.2% of range

72A-1589 Rev. C 02/01  (ARA
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General Specifications

Source Operation

Worst-case accuracy specifications simultaneously includesall errors
contributed by variations in power line voltage, loaghgegulation, stability,
and temperature, up to full output power. Includessstable,source
operation in four quadrants while delivering power#—lload power factor
from nearly 1 to 0, leading or lagging. Each F60Q0 Instrument is supplied
with a Certificate of Calibration traceable totthe National Institute of
Standards and Technology.

Electrostatic Discharge Immunity

IEC 801-2 I.E.C. performance leveh1 @ 10 kV: normal performance
within specifications. [EC 801-2 I.E.Cperformance level 2 @ 20 kV:
no permanent damage.

Surge Withstand Capability

ANSI/IEEE C37.90. The®F6000 Instrument functions as a source during
surge withstand capability tests, when the ANSI/IEEE-specified isolating
circuit is interp@sed betwéen the instrument and the relay under test.

AC Amplitude Accuracy at 50/60,Hz

Distortion

Noise (10-300kHZ)

From 20° t@ 30%€C: +0.3% of setting or £0.03% of range
From 0%4t6 50%C: +0.5% of setting or £0.05% of range
Typicalya0.4% of reading

Low distortion sine waves; total harmonic distortion 0.1% typical;
2% maximum at 50/60 Hz

Voltage Source: 0.02% of range or 50 mV

Current Source: 0.02% of range or T mA

G 72A-1589 Rev. C 02/01 Cos



Phase Angle

Phase Angle O

Range: 0° to +359.9° (Lead)/0 to —359.9° (Lag)
Accuracy: +0.25° at 50/60 Hz

2 4
Resolution: £0.1° at 50/60 Hz \%

Frequency
Bandwidth: DC to 3 kHz at full power for transientyplavback

Range: DC, AC from 0.1 Hz to 2 kHz at full power, continuous load.
Resolution: 0.001 Hz Q

Accuracy:

0.5 PPM: Typical @

1.5 PPM: 20° to 30° C @

10 PPM:  0°to 50° C

Ramp/Set
Ramp: increments/decreme tage, current, phase angle, and
frequency at user d r rates. Ensures smooth, linear changes
in value.

Logic Outputs \
Eight galvanicall ated Logic Outputs configured as Normally
Open (NO ally Closed (NC) switches.

9

oltage: 250 V DC or AC

%c ing Current: 0.5 A make or break, maximum
o&ponse Time: 0.1 millisecond maximum pick up and drop out
L 4

solation: £500 V Peak
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Logic Inputs O

Eight galvanically isolated Logic Inputs, configurable as Voltage Sense or
Contact Sense. ¢

Open Circuit Test Voltage: 12 VDC nominal %
Short Circuit Test Current: 20 mA VDC nomi

Response Time: 0.1 millisecond maximu p and drop out

Isolation: +£500 V Peak 0
Triggers Q

Number: 8
Boolean combination of logic i t@ used to define triggers.

Triggers are used to set timer sta conditions.

Timers
Number: 8 &x

Accuracy: £0.0005% g, £50 microseconds
Resolution: 100 i ds

Input Power Supply
115V nomiqx A maximum (50 or 60 Hz)

230 V no 10 A maximum (50 or 60 Hz)

Temperature ¢
Operating temperature: 0° to 50° C
temperature: —25° to +70° C
Humidity
\@Up to 95% relative humidity, non-condensing

Interfac

RS-232 or Ethernet remote control to computer

72A-1589 Rev. C 02/01 G-7
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Safety

Safety O

European Standard:
EN61010-1:1993/AT1+A2
EN61010-2-031:1994

.
Electromagnetic Compatibility (EMC) &
European Standard:
EN61326:1997/A1:1998 0’

US Standard: Q
FCC 47CFR Part 15 Class A m
Enclosure

High impact, molded, flame ret S. Meets National Safe Transit
Association testing specificati NLA for immunity to severe shock
and vibration.

Measurements (a
Dimensions: 15 x 8 1n"or 38 x 24 x 45.7 cm

Weight: 44 IbS/Z\

NoTE All specifications @ :

subject to change without notice.
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