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Warranty

Equipment Limited
Warranty

Software Limited
Warranty

Doble Engineering Company (DOBLE) warrants the products that it
manufactures 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 or replace, at its
option, any defective products or components thereof at no additional
charge, provided that the product or component is returned, shipping
prepaid, to DOBLE. The Purchaser is responsible for insuring any product
or component so returned and assumes the risk of loss during shipment.
All replaced products and components become the property of DOBLE.

THIS LIMITED WARRANTY DOES NOT EXTEND TO ANY PRODUCTS
WHICH HAVE BEEN DAMAGED AS A RESULT OF ACCIDENT, MISUSE,
ABUSE, OR AS A RESULT OF MODIFICATION BY ANYONE OTHER
THAN DOBLE OR AN AUTHORIZED DOBLE REPRESENTATIVE.

EXCEPT AS EXPRESSLY SET FORTH ABOVE, NO OTHER WARRANTIES,
EXPRESSED OR IMPLIED, ARE MADE WITH RESPECT TO THE
PRODUCT INCLUDING, BUT NOT LIMITED TO, ANY IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE. DOBLE EXPRESSLY DISCLAIMS ALL
WARRANTIES NOT STATED HEREIN. IN THE EVENT THE PRODUCT IS
NOT FREE FROM DEFECTS AS WARRANTED ABOVE, THE
PURCHASER’S SOLE REMEDY SHALL BE REPAIR OR REPLACEMENT AS
PROVIDED ABOVE. UNDER NO CIRCUMSTANCES WILL DOBLE BE
LIABLE TO THE PURCHASER OR ANY USER FOR ANY DAMAGES,
INCLUDING WITHOUT LIMITATION, PERSONAL INJURY OR
PROPERTY DAMAGE CAUSE BY THE PRODUCT, ANY INCIDENTAL
OR CONSEQUENTIAL DAMAGES, EXPENSES, LOST PROFITS, LOST
SAVINGS, OR OTHER DAMAGES ARISING OUT OF THE USE OF OR
INABILITY TO USE THIS PRODUCT.

THIS SOFTWARE PRODUCT IS PROVIDED “AS IS” WITHOUT
WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE
ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THIS
SOFTWARE PRODUCT IS WITH PURCHASER SHOULD THE
PRODUCT PROVE DEFECTIVE. PURCHASER (AND NOT DOBLE OR
AN AUTHORIZED DEALER) ASSUMES THE ENTIRE COST OF ALL
NECESSARY SERVICING, REPAIR, OR CORRECTION.



Limitations of
Remedies

Some states do not allow the exclusion of implied warranties, so the
above exclusion may not apply. This warranty gives the purchaser
specific legal rights and the purchaser may also have other rights which
vary from state to state.

DOBLE warrants the disks on which the software product is furnished to
be free from defects in materials and workmanship under normal use for
a period of one hundred and twenty (120) days from the date of shipment
from DOBLE.

DOBLE's entire liability and Purchaser’s exclusive remedy shall be:

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 which are free from
defects in materials and workmanship, Purchaser may terminate this
agreement. By returning the software product and all copies thereof
in any form and affirming compliance with this requirement in
writing, DOBLE will refund the purchase price.

IN NO EVENT WILL DOBLE BE LIABLE TO PURCHASER FOR ANY
DAMAGES, INCLUDING ANY LOST PROFITS, LOST SAVINGS OR
OTHER INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT
OF THE USE OR INABILITY TO USE SUCH SOFTWARE PRODUCT,
EVEN IF DOBLE OR AN AUTHORIZED DEALER HAS BEEN ADVISED
OF THE POSSIBILITY OF SUCH DAMAGES, OR FOR ANY CLAIM BY
ANY OTHER PARTY.

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

For Equipment Maintenance, contact:

Customer Service Manager
Doble Engineering Company
85 Walnut Street

Watertown, MA 02472 (USA)

Telephone: 617-923-2921

FAX: 617-926-0528

Email: customerservice@doble.com
Web: www.doble.com
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Preface

Structure of This Guide

This guide consists of four chapters and nine appendices.
Chapter 1. "Getting Started”
Chapter 2. "Introducing the TDR9000™ Circuit Breaker Test System”

Introduces the features and available options of the
TDR9000™,

Chapter 3. “TDR9000™ Front Panels”

Describes the TDR9000 Physical and Virtual Front
Panels and how they interrelate.

Chapter 4. "Setup and Operation”

Details the physical installation, configuration and
use of the TDR9000.

Appendix A "TRXField™ Software and Circuit Breaker Testing Theory”

Explains the basics of circuit breaker operation,
testing theory and the relationship between
TDR9000 Test Plan items and tabulated Test
Results.

Appendix B “Troubleshooting and Parts Replacement”

Contains troubleshooting, including the
Self-Diagnostics test, for the TDR9000.
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Appendix C "Software Field Upgrades”

Contains the field procedures for:

e Installing new software

e Updating firmware

e Updating the Pentax® printer drivers
Appendix D "Concepts of Operation”

Explains the theory of operation for the TDR9000.
Appendix E “Maintenance”

Contains procedures for cleaning and general
maintenance.

Appendix F "Glossary”
Contains a description of commonly used terms.

Appendix G "Error Messages”
Lists the error messages for the TDR9000.

Appendix H “TDR9000™ Circuit Breaker Test System Specifications”

Contains the physical, operational and
environmental specifications for the TDR9000.

Appendix | ”Application Notes”

Contains a compilation of Application Notes useful
for optimizing the operation of the TDR9000.

XX
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Document Conventions

Buttons, Picklist tems, Menu ltems, etc.

ltems that are selected by the user — buttons, menu
items, etc. — are shown in this text.

Windows Windows referenced in the text are shown in this
text.

User-entered text Text entered into TRX or TRXField fields is shown
in this text.

Field Names/Displayed text

Messages displayed on windows and field names
are shown in this text.

NoTE The NOTE icon signifies information that is important to the user.
!
WARNING The WARNING icon signifies information that is necessary in order to
properly perform a function. Failure to follow information contained in
WARNINGS could cause a hazardous condition.

AN 70A-1898 Rev. A 11/01 XXi
et -



xxii 72A-1898 Rev. A

11/01

A

[

Yo



1. Getting Started

Site Preparation

Getting Started provides the minimum information required to make
connections between a circuit breaker and the Doble™ TDR9000
Circuit Breaker Test System, configure the TDR9000, run a test and save
the Test Results for Dead Tank and Live Tank tests. When necessary,
page references to detailed explanations are provided.

Information in this chapter is split into Site Preparation and Running the
Test, and can be accessed by an individual task, or an entire circuit
breaker test can be performed by executing both sets of tasks.

Site Preparation consists of the following steps:
1. Circuit Breaker Preparation

2. TDR9000' " Connections

3. Circuit Breaker Connections

4. Laptop and TDR900O0 Test Plan Configuration

Step 1: Circuit Breaker Preparation

NoTE

Circuit Breaker
Preparation:
Offline Testing

Safety issues are different for First Trip/Close tests. Refer to ”Safety
Considerations: First Trip/Close Tests” on page 4-2 for a specific
discussion.

Figure 1.1 on page 1-4 shows how the Circuit Breaker Control Cabinet
looks once preparation is complete.

Preparation of the circuit breaker includes the following sub-steps:
1. Opening the circuit breaker

2. Opening, locking and tagging the circuit breaker isolating disconnect
switches

3. Connecting safety grounds to a cleaned (brushed) spot on the ground
grid and then to each bushing of the circuit breaker to be tested

4. Removing DC power from the Trip and Close circuits on the circuit
breaker control panel

AN 70A-1898 Rev. A 11/01 -1
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Step 1: Circuit Breaker Preparation
- ________________________________________________________________________________________|

5.

6.

Connecting the Breaker Control cable to the control circuit of the
circuit breaker

Connecting the:

a. Trip leads across the terminals of the manual Trip switch on
the circuit breaker control panel

b. Close leads across the terminals of the manual Close switch
on the circuit breaker control panel

Alternately, connect the two trip leads between the +DC voltage and
the trip coil and the two close leads between the +DC voltage and the
close coil.

Connect either:

e An OCB Contact Monitor cable to the appropriate circuit breaker
bushings as listed in Table 1.1

or

e The EHV Contact Monitor cables to the appropriate circuit
breaker bushings as listed in Table 1.2.
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Table 1.1 OCB Dead Tank Connections

Alligator Clip Color Phase Bushing
Red A 1
Yellow B 3

Blue C 5

Black COM 2,4,6

Table 1.2 EHV Dead Tank Connections

Alligator Clip Color Phase Contact
Yellow Red 1

Red Red 2
Black Red COM
Yellow Red 3

Red Red 4
Black Red COM
Yellow Yellow 1

Red Yellow 2
Black Yellow COM
Yellow Yellow 3

Red Yellow 4
Black Yellow COM
Yellow Blue 1

Red Blue 2
Black Blue COM
Yellow Blue 1

Red Blue 2
Black Blue COM

AN 70A-1898 Rev. A 11/01 1-3
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Step 1: Circuit Breaker Preparation

Figure 1.1 Step 1: Circuit Breaker Control Cabinet Preparation

Circuit Breaker The connections to the breaker are outlined in the steps below:
Connections:
First Trip/Close Test

NoOTE Once this is complete skip to ”Step 4: Laptop and TDR9000™ Test Plan
' Configuration” on page 1-15.
S 1. Connect the TDR9000 ground connection to circuit breaker ground.

2. Connect a Doble current probe to a CT secondary for each phase
being measured, to record the Main Contact currents.

3. Connect Doble current probes to selected relay coil circuits and then
to TDR9000 event module.

4. Connect a set of Analog cables across the DC supply switch to
monitor the DC bus voltage. Set up the channel for voltage sense and
range.

5. Connect Auxiliary Contact cables across the selected contact and
connect to an Aux contact.
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6. Connect channels on the Event module:
e |If the TDR900O0:

e Has the Trigger option and Trigger In set as the trigger source
in the Test Plan, connect Trigger In cables across the:

* 52CS/T contacts for Trip
e 52CS/S contacts for Close

e Does not have the Trigger option, ensure that Aux Contact is
set as the trigger source in Test Plan, connect Auxiliary
Contact cables across the:

e 52CS/T contacts for Trip
e 52CS/S contacts for Close

AN 70A-1898 Rev. A 11/01 1-5
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Step 2: TDR9000™" Connections

Figure 1.2, Figure 1.3 and Figure 1.4 on page 1-8 show the TDR9000
Physical Front Panel wirings for an EHV, OCB/Motion and Event Trigger
test, respectively.

NoTE

For First Trip/Close tests complete steps 1 through 4 and then proceed
to "First Trip/Close Tests” on page 4-1.

To connect the TDR9000:

1.

Remove the front protective cover and store it in a safe place for
reuse.

If the printer option is available, locate the cover/printer assembly
near the laptop.

Plug the ground cable into the system ground receptacle and ground
the other end.

Plug the Safety Switch cable into the SAFETY receptacle of the System
module. The Safety Bypass flag is used for First Trip/Close tests.

Ensure that the line voltage is correct (100 - 240 VAC, 50 or
60 cycles).

Connect the female end of the Motion Transducer cable to one of the
MOTION connectors on the TDR9000 OCB/Motion module, if
present.

Connect the male end of the Motion Transducer cable to the
transducer.

Connect the Breaker Control cable to the TRIP/CLOSE connector on
the TDR9000 System module.

Connect either:

e An OCB Contact Monitor cable to the OCB connector on the
TDR9000 OCB/Motion module.

or

e The EHV Contact Monitor cables to the EHV connectors on the
TDR9000 EHV modules.

Refer to “Connecting the TDR9000™ Physical Front Panel”
on page 4-30.

1-6
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Figure 1.3 Step 2: Physical Front Panel for OCB/Motion Test
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Step 2: TDR9000™ Connections
. ________________________________________________________________________________________|

Analog and The discussions that follow relate to setup issues for the Event and System
Auxiliary Setup modules (Figure 1.4 and Figure 1.5).

e Refer to "Monitoring Auxiliary Channels” on page 4-32 to
connect an Auxiliary Contact.

e Refer to "Monitoring Analog Channels: Current and Voltage”
on page 4-33 to connect a voltage input.

e Refer to "Current Probes” on page 4-34 to connect and zero a
current probe on the Virtual Front Panel.

e Refer to "Current Shunt” on page 4-37 to connect a current shunt.

M3
e
m J

ormons oeTions v o
\ (=) T . /
) 80 ) 8@ v 80 (o) Gl
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TDR9000"™ Table 1.3 and Table 1.4 list the connections to the TDR9000 required for
Connections: both a minimum set of channels and the recommended set of channels,
First Trip/Close respectively. Since this is an external trigger test, no control cable is used.
Test

Table 1.3 TDR9000™ Using a Minimum Set of Channels

Item | Signal Type TDR9000 Module
Connection
1 Main Contact Analog Event
(from CT secondary)
2 Trip relay coil Analog Event
current
3 DC Supply voltage Analog Event
4 52CS/T contact state | Auxiliary Contact | Event or Trigger In*

(for Trigger In source)

*Connect to an Event module if using the Aux Contact trigger source, and
to the Trigger In connectors on the System module if using the Trigger In
source. Table 1.3 applies to a TDR9000 with one Event module.

AN 70A-1898 Rev. A 11/01 1-9
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Step 2: TDR9000™ Connections

Table 1.4 TDR9000™ Using Recommended Set of Channels

Item Signal Type TDR9000 Module
Connection
1 Main Contact A Analog Event
(from CT secondary)
2 Main Contact B Analog Event
(from CT secondary)
3 Main Contact C Analog Event
(from CT secondary)
4 Trip relay coil current | Analog Event
5 DC Supply Voltage Analog Event
6 52X or 52Y relay coil | Analog Event
current
7 52A contact state Aux Contact | Event
8 52B contact state Aux Contact | Event
9 52X contact state Aux Contact | Event
10 52Y contact state Aux Contact | Event

11

52CS/T contact state
(for Trigger In source)

Aux Contact

Event or Trigger In*

* Connect to an Event module if “Aux Contact” is the trigger source in the
Test Plan, and to the Trigger In receptacles if “Trigger In” is the trigger
source. Table 1.4 applies to a TDR9000 with two Event modules.

72A-1898 Rev. A
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Step 3: Circuit Breaker Connections

Figure 1.6 on page 1-12 schematically shows how the installation looks
once preparation is complete.

Preparation of the installation includes the following sub-steps:

1. Perform the connections as shown in Figure 1.6 for the Dead Tank
test or in Figure 1.7 on page 1-12 for the Live Tank test.

2. Mount the transducer as explained in “Rotary/Linear Transducer
Installation” on page 1-14.

NoOTE During test setups, it is important to perform connections in the
| following order:
s 1. Connect grounds

2. Complete TDR9000 connections

NoTE To optimize TDR9000 isolation, make sure the Instrument is off.

| 3. Complete connections to the circuit breaker being tested

Refer to "Dead Tank Circuit Breaker” on page 4-11 and "Live Tank
Circuit Breaker” on page 4-14 for specific installation instructions.

AN 70A-1898 Rev. A 11/01 1-11
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Step 3: Circuit Breaker Connections

Contact 1 Contact 2 Common

Phase A Phase B
Y N Contact 3 Breaker Control Circuit
1 Phase C in the Control Cabinet
External Ground —a% e e e e
Connection :
* Close Trip :
1 H h_ . 2CS —52CS
YTV | o] w1
Make sure that Contact Monitor Cables
one 510,'9 of each Motion Transducer Cable
phase is
grounded.

Breaker (Trip/Close) Control Cable

TDR9000

2 AC Power
Safety Ground Supply Cable
Cable

Figure 1.6 Step 3: Dead Tank Test Setup

Module 1
Phase A

Contacts  Breaker Control Circuit
' in the Control Cabinet

Contact 1—=

Cable
Motion Transducer Cable

Make sure that . _DC +DC 5
one side of each o . QIQ§EJ_52CSEE, 52Cs
phase is ‘ d_"':l_bﬁ : e
grounded. . Closgl" 'C [T T :

Contact Monitor ; L

Breaker (Trip/Close) Control Cable

I

TDR9000
Safet AC Power
Cable Ground Supply Cable

Figure 1.7 Step 3: Live Tank Test Setup
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Figure 1.8 shows an installation with Live Tank circuit breaker contact
monitor cabling in place.

V4

&9 A\ ‘;’_.-5

EHV Contact Monitor Cabling

Figure 1.8 Installation with Circuit Breaker Contact Monitor Cabling

- - eVv. -
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Step 3: Circuit Breaker Connections

Rotary/Linear Figure 1.9 and Figure 1.10 show the rotary and linear transducers,
Transducer respectively.
Installation
WARNING When using a linear rod, make sure that the circuit breaker is in a safe
position before beginning transducer installation. A safe position exits
& when an accidental circuit breaker operation draws the rod into the

circuit breaker. This is usually the closed position.

Figure 1.9 Step 3: Rotary Motion (Transducer with Rotary Adapter)

Figure 1.10 Step 3: Linear Motion (Transducer with Rod)
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For the TR3190 Digital Rotary/Linear Transducer:

e Rotary Motion setup, refer to “Rotary Motion” on page 4-18.

e Linear Motion setup, refer to “Linear Motion” on page 4-24.
For the TR3160:

e Linear Transducer setup, refer to ”Linear Motion” on page 4-24.

e Motion Transducer Rotary setup, including the TR3165 Rotary
Adapter, refer to "Rotary Motion” on page 4-24.

Step 4: Laptop and TDR9000 ™" Test Plan Configuration

Figure 1.11 shows how the TDR9000 looks once the laptop is set up,
Figure 1.12 on page 1-17 shows a partial TRXField™ Test Plan, and
Figure 1.13 on page 1-18 shows the Virtual Front Panel once the
software is configured.

Preparation of the TDR9000 includes the following sub-steps:

1. Connect the laptop to the serial port of the TDR9000, power up
the laptop and the TDR9000, and run the TRXField™ software.

Refer to “Connecting to the Laptop, Printer and Powering Up”
on page 4-27.

2. Import a Test Plan from TRX™ or configure a new one.

Refer to “Connecting the TDR9000™ Physical Front Panel”
on page 4-30.
3. Configure the Virtual Front Panel.

Refer to "Setting Up a Test Plan Manually with TRXField™"
on page 4-43.

- - eVv. -
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Step 4: Laptop and TDR9000™ Test Plan Configuration

PC Wiring

Figure 1.11 Step 4: TDR9000™ and PC Wiring
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Breaker TastFlan
Fegurad Intomaton
Informaotan “ejuired tor Librar: Flans Informonon Meguired for Breoker Mans
Manufacurer Eeneral Electnc Locaion
Model Murmbie F-121-20000 Specialld
“ersion Description Senal Murmber 020243405 701
Diptional Informatian
Inst. Enok Mumrber Ope-ator
tech Mumber hedéi=13-50 Circurt
hMech Book Member Uszer |
Oiperaliun Coule |_lsen &
Command Faraneters

Trp Curent HBanoge

100,04 Close Curent Rance

200 A Timirg Measuement Seconds

Trp Parametas

Trp Fulze

Trip-Frae Perametars

66.6 ms| Close Pulse
Trip Free

Standing

O-C-0 Parametars

1333 mg O-C-0 Standing
Trp Pulse BEE ms
Clase Fulse 1333 ms
Dielay Lendgth 1133 ms

Close Faramaars
Cluse Fulse

Timing Evest Test Intisfion

Fecloze Parametes

133.3 mg Trip Pulse
Mecloze

Stonding

Trigger hput Farameters

BE.E g Trigyer Sourcz Mane (Intemal

Trgger Output Parameters

Troger State: Of

Digital Discriminator: Auto

tain Cantact Digital D aciminafor | Test Dwiation Parametars

Recording Lergth: 1600 ms

Sample Bate: 10 kHz

Figure 1.12 Step 4: TRXField"" Test Plan (Partial)
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Step 4: Laptop and TDR9000 ™ Test Plan Configuration

E‘E‘ENew Test Plan - TrxField HEE
Ele View Help

DeeE| g2 =|

TestPlan  TDRS000 |
B TDRa000 [No Test Selecte 7]
DR3000 Select Test Type Above
detected on
CONTACT1 Com2 d
CONTACTZ
CONTACTZ
{(—)
TRAWEL 1 External
Trigger
({ — 1), )
— Trigger Out
({—1)
TRAWEL 3 Trip
Safety Claze
T/C
Current
T iy |
TNOM |

Far Help, press F1 |

Figure 1.13 Step 4: Virtual Front Panel
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Running the Test

The steps in this section list the procedures for running the test. These
are:

e Removing Safety Grounds

e Running Self Diagnostics (Optional)

* Running the Continuity Test (Recommended)

e Performing the Pretest Checklist

* Running a Test

e Saving Test Results

Step 1: Removing Safety Grounds

Figure 1.14 shows a breaker with the safety grounds removed from one
side of the circuit breaker in preparation for the test.

( Contact 1 Contact 2
Phase A Phase B Common

Contact 3 )
Phase C

External

Ground ——p %
Grounded < Connection
side

> Grounds
removed

Figure 1.14 Breaker with Safety Grounds Removed

Step 2A: Running the Self-Diagnostic Test (Optional)
Refer to ”Self-Diagnostics Test” on page B-1.

- - eVv. -
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Step 2B: Running the Continuity Test (Recommended)
-]

Step 2B: Running the Continuity Test (Recommended)

Figure 1.15 shows the initial Continuity Test window.

NoTE The Continuity Test must be run with the circuit breaker in the closed
' position.
S If the Continuity Test fails, check all test connections starting with the

connections to the circuit breaker, then the connections to the TDR9000
Physical Front Panel.

For instructions on performing this test, refer to “"Running the Continuity
Test” on page 4-71.

EiNew Test Plan - TreField
Eile  Wiew Help

s|ea| sl2 v =

TestPlan TORA000 |

The lead continuity test confirms that all active EHV/CGCB channels have continuity. J

This test is performed with the breaker in the closed position. |
Cantinue

THIS TEST DOES NOT OPERATE THE BREAKER.

Cancel Test |

ForHelp, press F1 UM

Figure 1.15 Continuity Test
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Running the Continuity Test produces the Test Results window shown in

Figure 1.16.
Lead Continuity Test Results: Fail =
EHV 172 3/4 5/6 78
A N/C N/C N/C N/C
N/C N/C N/C N/C
B N/C N/C N/C N/C
N/C N/C N/C N/C
c Fail N/C N/C N/C
Fail N/C N/C N/C
=l
Save As

Figure 1.16 Continuity Test Results

Step 3: Performing the Pretest Checklist

Use the checklist given in Table 4.8 on page 4-70 to ensure that the

system is safely configured for testing, then reapply DC power to the
circuit breaker Trip and Close circuits.

Step 4: Running the Test

Figure 1.17 shows the initial window for running a Trip (O) test.

5 Tp0005.pln - TncField

File View Help
ST R
TestPlan TDR3000 |

Trip (0) test. [Trip () El
Make sure test parameters are correct before you proceed.
Select Gontinue to start the test. Continue

Trip Parameters ‘
On-|

Cancel Test ‘

Ot

' Trip Command ’ ' '
| | | | | | | |

|
(ms) i} 200 400 BO0 800 1000 1200 1400 1600

Ttip Pulse: 66.0

FarHelp, press F1

Figure 1.17 Run Test
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Step 5: Saving Test Results

NOTE

To run a test:

1. Select a test type from the picklist on the upper right corner of the
window.

2. Click Run XXX Test, where XXX designates the type of test.
3. Click Continue.

The test is run after step 3 for Slow Close and externally triggered tests.
In these cases, the Safety Bypass flag is used instead of the switch. For a
Slow Close test, manually close the circuit breaker within the selected
time (thirty seconds or one minute). For externally activated tests,
activate the trigger.

4. Press the button on the Safety Switch cable until the alarm ceases.

After test data is collected, the test results appear in graphic form. Refer to
"Running Tests” on page 4-75 for specific instructions on how to run the
test.

Step 5: Saving Test Results

Figure 1.18 shows the initial window for saving Test Results.

Choose Test Plan or Result Destination

Eolders:
fiitritdra000\results\3.20424_contacts}3.11.06

= TDRI00O

(= Pesults Cancel
=320

[= 24_contacts

EEf 4V Qalabiylg_arche ¥ Metwork.

Figure 1.18 Saving Test Results

To save Test Results while in either the tabulated or graphical test results
of TRXField:

1. Click Save on the File menu.

If a test has been run and the Tabulation or Graphics tab is selected,
the data is saved as a Test Result File.

The Save TDR9000 Test Result window appears.
2. Navigate to the desired folder and click Save.

For instructions on closing without saving, refer to "Closing Without
Saving” on page 4-97.

1-22
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NoOTE Autosave disables Save in the File menu and the Save Toolbar icon.
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Step 5: Saving Test Results
-]
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2. Introducing the TDR9000 "
Circuit Breaker Test System

The TDR9000 measures, analyzes and records the electrical and
mechanical performance of circuit breakers in the field. It accomplishes
this through the use of its modular design and user-friendly interface.

Figure 2.1 shows the TDR9000 in one of its more comprehensive
configurations. This configuration is used for Live Tank and Dead Tank
circuit breaker testing.

(#) e@ (T5) @@ (77) @ @

@

ANALOG —
a1 ]
|
o0

®é "

1
® ®

c2
@® ®

c3
i ® ®
|

1
— — \ J AURILIARY ) A AUXILIARY
MOTION EHV EHY —— CONTACT — CONTACT

() 0@ () 0@ (W) @@ (o) @ @ (o)

Figure 2.1 TDR9000™ Circuit Breaker Test System

The modular design of the TDR9000 allows for a wide array of
configuration possibilities. The Instrument can be configured to perform
both on-line and off-line Live Tank and Dead Tank circuit breaker tests,
as well as read inputs from a varying set of external data collection
devices connected through its Event module channels.
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WARNING

VAN

The TDR9000, in conjunction with the TRXField software, offers flexible
testing capabilities through a combination of TDR9000 tab access to test
command parameters coupled with Test Plan tab access to all circuit
breaker specifications used for comparative purposes. The configuration
of these parameters, and the operation of the test from the same interface,
makes the performance of multiple tests under varying test conditions
easy.

After the test is complete, the results can be viewed in the field using the
Tabulation and Graphics tabs. The TRXField software, which operates
the TDR9000, has the ability to overlay the results from different tests for
comparison. The TDR9000 compares Test Results against circuit breaker
specifications and presents a Pass or Fail determination on the
Tabulation tab for each measurement for which a comparative value is
set in the Test Plan. The data accumulated in the field can be transferred
to a computer running the TRX software, which stores the Test Results in
a database format for record keeping and test interpretation.

To avoid operating conditions hazardous to personnel, or harmful to the
TDR9000, carefully follow all procedures, paying specific attention to
Notes and Warnings.

Figure 2.2 shows the topology of the TDR9000 in the test environment.

2-2
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1

Dead Live
Tank Tank i
Contact Contact

I\/C‘Ollg)lltor f%/\onltor Trigger In Analog Voltage/Current
e e [Trigger Out A. Remote control Measurement Cables .
Cables of Circuit Breaker under test (Shunts & Probes) Trlgger In
B. Control current usm‘gA
—‘7 measurements Auxiliary
Contacts
Cables

Electrical Performance
(Event)
A. Auxiliary contacts status

B. Current measurement
C. Voltage measurement

Electrical Performance(OCB or EHV)
A. Contact status/Timing

B. Insertion resistors measurement
C. Capacitance measurement

Breaker |
Mechanical Performance | (Trip/Close) |
Contact travel and [ : Control
velocity paich s = ‘ = Cable RS—_2_32
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Transducer
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Safety
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— ™ Control)
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: 7@) in the office

e Tabular Results
e Test Plan

Figure 2.2 TDR9000™ System Topology
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TRX'" and TRXField'" Software

Figure 2.3 shows the working relationship between the TRX software
(with database components) and the TRXField software (control and data
collection), which is used to run tests. TRXField is included with the
TDR9000, and is also provided with the TRX installation.

Import a Field Designed Test Plan for later use

Import Results to Database

[ e e .

TRXField on laptop:

TDR9000 Virtual Test Results
Front Panel

TRX
e Library Test Plans

TDR9000

Export from e Test Plan Edit/Create « Control Processor

| |

| I

o Circuit Breaker Test Plans Library of | . |
L]

* Test Result Storage | un Test |
i |
| |

| |

e Firmware
Test Plans o Tabular Results Run Tests
¢ Data Management

e Graphical Viewer

TRXField
L—_ e e e e = |
Figure 2.3 TDR9000™ System Information Flow Diagram
The features of both software programs are discussed below:
TRX TRX is installed on an office computer or network

server that is responsible for data storage and
performing historical data analysis of circuit
breakers.

TRX offers the following features:

e The ability to design a library of circuit breaker
Test Plans from which an editable, circuit
breaker specific Test Plan can be created.

e The storage of test data.

e The evaluation of circuit breaker test data
from single and multiple tests and overlay
comparisons of Test Results from the same or
similar breakers.

The complete functionality of TRX software is explained in the

TRX User’s Guide. Refer to “TDR9000™ TRXField™ Software and Test
Plan Dynamics” on page A-28 for a discussion of the TRXField software
used to run the TDR9000.
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TRXField TRXField is installed on any laptop, or other
computer that is used to perform tests. It contains
the functionality to take existing Library Test Plans
and run them as individual Circuit Breaker Test
Plans.

TRXField offers the following capabilities:

e The creation of individual Circuit Breaker
Test Plans using a Library Test Plan as its basis.
Once completed, Individual circuit breaker
tests can be imported into the TRX software.
Each circuit breaker test adds to the database of
Test Results available for analysis using TRX.
These completed individual circuit breaker
tests contain not only the Test Results gathered,
but also a record of the Circuit Breaker Test
Plan used.

e The ability to view the results of an individual
circuit breaker test graphically and then tailor
the presentation of results to highlight
behaviors of interest.

e The ability to view the results in a tabular form,
then toggle back to the Test Plan tab where
changes to the editable fields are actively
reflected on the Tabulation tab.

The main body of this guide explains the operations of the TRXField
software as it pertains to use with the TDR9000. Refer to “TDR9000™
TRXField™ Software and Test Plan Dynamics” on page A-28 for a
complete explanation of TRXField fields and their uses.

Modules

There are four modules available that are installed in various
combinations by Doble when the system is ordered. The positions that
these modules occupy dictate the configuration of the boards in the
system backplane that support their operation. Once this configuration is
set, any field installation of newly purchased modules must be done in
accordance with Doble provided instructions.

The discussions that follow explain the module types, their purposes, and
their possible configurations.
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OCB/Motion

OCB/Motion
OCB and Motion are independent functions that are packaged together
for convenience.
The OCB portion of this module measures:
e Main Contact timing of Dead Tank circuit breakers
* Pre-insertion resistor switch timing
e Ohmic value of pre-insertion resistors (optional)
The Motion channels measure the linear or rotary movement of up to six
TR3190, 3160 motion transducers. The software accommodates:
e User-defined zones of measurement for calculating average
velocities
* Indirect contact measurements on transducers via a Linear
Transfer Function scaled by user-defined inputs
e English or Metric units
Figure 2.4 shows the available configurations for the OCB/Motion
module.
Oce — TCE — e
Sty S
CONTACT3 CONTACT3
{ E—) ((— ({ —) TRAVEL T
TREWELT TRAVELT TRAVEL T
= R
@ 3 TRAVEL 2
TF\AVEL2 TEHELZ ——h %
TRAVEL 3
| — ) —D
1 ((—) TREVEL S TRAVEL4
TRAVEL 3 TAELS
&) —
TRAVEL 5 TRAVELS
S s
o) o || ||
Figure 2.4 OCB/Motion Module Configurations
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EHV

The EHV module measures:

e Main Contact timing of a Live Tank circuit breaker
e Pre-insertion resistor switch timing

* Capacitance of grading capacitors (optional)

e Ohmic value of pre-insertion resistors (optional)

The software supports two configuration choices:

EHV Measures two breaks per phase on all three phases
(6 contacts).

Split Tests breakers with odd numbers of interrupters per
phase, or activates and tests one contact at a time
in a module.

Figure 2.5 gives the available configurations for the EHV module.

Z
Figure 2.5 EHV Module Configuration
Event

The Event module is split into two parts:
* Analog channels
e Auxiliary contacts

A combination of these channels is used to monitor the characteristics of
the circuit breaker’s operating mechanism. All the channels are used
when performing First Trip/Close tests.

AN 70A-1898 Rev. A 11/01 2-7
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System

Analog Channels  The analog section of the Event module has three general purpose analog
inputs configurable to read voltages directly or to read currents from
Doble current shunts and probes (401-0055).

Auxiliary Contact ~ The Auxiliary Contact section of the Event module monitors the state of
up to three sets of auxiliary contacts.

Figure 2.6 shows the available configurations for the EVENT module.

Figure 2.6 Event Module Configurations

System
The System module is minimally comprised of:

e Power switch/Circuit Breaker

e PC RS-232 communications connector
e Safety switch input connector

e AC power supply plug

e System ground connector

Two options are available which add to the functionality of the
TDR9000:

e Automatic Trip/Close Control — with or without internal current
measurement on Trip/Close control leads

e Triggers

2-8 72A-1898 Rev. A 11/01 AR
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Trip/Close Module This module enables all of the system’s Trip/Close test control
functionality, including:
e Trip (O)
e Close (C)
e Trip Free (C-O)
e Reclose (O-C)

e OCO
Trip/Close The Trip/Close module can be outfitted with an optional internal current
Current Isolation isolation measurement capability for the Trip and Close control leads.
Option When this option is resident in the system, T/C Current appears below

the Trip/Close connector on the Virtual Front Panel.

Figure 2.7 shows the available configurations for the System module.

TOR3000

TDRI000 TDRI000
DRA0N0
TDRI000 TDRI000 detected on
detected on detected on COM1 -
COM1. COM1.
External
Trigger Triggerin
Trigger Out Trigger Out
-
Safety Safety T/C Saiety UU"EE
J=4— T/C Current
System System System

Figure 2.7 System Module Configurations
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System

Triggers
Trigger Input

Trigger Output

Serial Interface

Printer

The TDR9000 comes with Trigger Input and Trigger Output capabilities.

Trigger Input has three possible sources, selected in the Trigger Source
field, that begin recordings:

None(Internal)

AUX Contact An input that comes in through an Auxiliary
Contact triggers the test.

Trigger In An input that comes in through the Trigger In
connection of the System module and is
conditioned by a delay time, starts the TDR9000
test.

Trigger Output enables the user to operate a circuit breaker using an
input generated by the TDR9000, as connected through the Trigger Out
connectors of the System module.

Serial communication is via the electrically-isolated PC RS-232
connection and the RS-232 connection on the IBM compatible laptop.
The baud rate of this connection is set at 38.4 kbits/sec. Doble supplies a
twenty-five foot, double-shielded cable for connecting this interface.

The TDR9000 can be ordered with a Pentax® Pocketjet ' thermal
printer. The printer provides print outs of Test Plans, tabular results and
graphical results in the field. For easy storage and transport, the printer is
mounted in the Instrument cover. When in use, the printer is connected
to the PC’s parallel port.

2-10
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TDR9000 ™ Physical Front Panel Configurations Supported

Table 2.1 lists the configurations possible for the Physical Front Panel.
Some configurations require that different boards be used in the

backplane slots.

Table 2.1 Physical Front Panel Configurations

Location 1 Location2 | Location3 | Location4 | Location5 | Location 6
Motion/OCB or Empty | Empty Empty Empty Empty System
Motion/OCB or Empty | EHV 1-2 Empty Empty Empty System
Motion/OCB or Empty | EHV 1-2 EHV 3-4 Empty Empty System
Motion/OCB or Empty | EHV 1-2 EHV 3-4 EHV 5-6 Empty System
Motion/OCB or Empty | EHV 1-2 EHV 3-4 EHV 5-6 EHV 7-8 System
Motion/OCB or Event EHV 1-2 EHV 3-4 EHV 5-6 EHV 7-8 System
Motion/OCB or Empty | Empty Empty Empty Event 5 System
Motion/OCB or Empty | Empty Empty Event 4-6 Event 5 System
Motion/OCB or Empty | EHV 1-2 Empty Event 4 Event 5 System
Motion/OCB or Empty | EHV 1-2 Empty Empty Event 5 System
Motion/OCB or Empty | EHV 1-2 EHV 3-4 Event 4 Event 5 System
Motion/OCB or Empty | EHV 1-2 EHV 3-4 EHV 5-6 Event 5 System
2-11
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Tests Supported

The TDR9000 supports the following circuit breaker and ancillary tests:

e Trip (O)

e Close (C)

e Reclose (O-C)

e Trip Free (C-O)

e O-CO

* First Trip

e First Close

e Slow Close

¢ Continuity

¢ (Capacitance

e Self-Diagnostics
Table 2.2 lists the nine circuit breaker tests that the TDR9000 performs,
and gives a state description of the sequencing that comprises the test.
The Instrument stores the data when a test is run and displays it on the
Graphics and Tabulation tabs. The contents of both of these tabs can be
printed to the optional printer in the field or to a printer in the home
office. Figure 2.8 through Figure 2.12 on page 2-17 give examples of the
test waveforms used for each test, with callouts to explain the Command

Parameters that affect test operation. For a detailed explanation of these
test parameters, refer to ”“Test Plan Items” on page A-33.

Trigger Input and Trigger Output are available for all tests except
Continuity and Self-Diagnostics.

NoOTE For the First Trip or First Close test, if the Trigger Input parameter is set
| to None(Internal), a dialog box appears stating that only AUX Contact
: and Trigger In are valid trigger types.
2-12 72A-1898 Rev. A 11/01 (M0
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Table 2.2 Circuit Breaker Test Types

TDR9000™ Circuit Breaker Test System User’s Guide
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Test Initial State Intermediate Final State
State 1 State 2

Trip (O)/First Trip (O) Closed — — Open

Close (C)/First Close (C) | Open — — Closed

Reclose (O-C) Closed Open Closed

Trip Free (C-O) Open Closed — Open

O-C-O Closed Open Closed Open

Slow Close (C) Open — — Closed

Continuity This test checks the continuity of contact connections. The circuit

breaker is not operated.

Capacitance

This test checks the capacitance characteristics of the grading
capacitors connected across the Main Contact of a circuit breaker.
The circuit breaker must be open, but is not operated during the test.

Self-Diag. This test checks Instrument measurement channel operation by
performing test emulations. The circuit breaker does not operate.
Trip (O)
Figure 2.8 shows a simplified version of the test waveform generated for
the Trip/First Trip test.
On 66 msec
off —_| I
Figure 2.8 Trip Command Pulse
Command Trip Pulse This time setting determines the duration of the
Parameter Trip Pulse sent to operate the trip circuit of the
circuit breaker.

Recording Length  This setting determines the recording length and
implicitly sets the sampling rate at which recording
is performed.

Rev. A 11/01 2-13
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Close (C)

Close (C)

Command
Parameter

Figure 2.9 shows a simplified version of the test waveform generated for
the Close test.

133.3 msec

On

Off —— L

Figure 2.9 Close Command Pulse

Close Pulse This time setting determines the duration of the
Close Pulse sent to operate the close circuit of the
circuit breaker.

Recording Length  This setting determines the recording length and
implicitly sets the sampling rate at which the
recording is performed.

In addition to Close Pulse, Timing Event and Timing Trigger command
parameters exist. They are accessed via the Test Plan tab and the test
parameters button, and are used to determine if a test result tabulation is
based on a Timing Event other than Test Initiation.

Timing Event and Timing Trigger

The following parameters determine when Close
test timing calculations start:

Test Initiation
Immediately upon the start of the test (default)
Close Current

When a percentage, in ten percent increments, of
the full scale Close current is reached (requires
T/C Current option)

Contact/Current/Voltage

When a percentage, in ten percent increments, of
the full scale current or voltage is reached on a
particular channel or when a change of state is
detected for a contact on an auxiliary channel
(requires an Event module)
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Reclose (O-C)

Figure 2.10 is a simplified representation of the test waveform generated

for the Reclose test.

On

Off——

On
Off

66 msecs
y Trip Command
D Close Command
1
Delay

Figure 2.10 Reclose Command Pulse

Command Trip Pulse
Parameters

Close Pulse

Reclose and Delay

Recording Length

This time setting determines the duration of the
Trip Pulse sent to operate the trip circuit of the
circuit breaker.

This pulse, initiated after the Trip Pulse, operates
the close circuit and performs the Reclose function.

These parameters determine when the Close Pulse
is initiated:

Standing

Initiates a Close .5 cycles (8.3 ms at 60 Hz) after

the test starts. This occurs when Standing is
selected in the Reclose field.

Delay

Initiates a Close after the time entered in the Delay
Length field that appears when Delay is selected in
the Reclose field.

This setting determines the recording length and
implicitly sets the sampling rate at which the
recording is performed.

Aok e 72A-1898 Rev. A 11/01
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Trip Free (C-O)

Trip Free (C-O)

Figure 2.11 is a simplified representation of the test waveform generated

for the Trip Free test.

On
Off
On
Off

133 msecs
d Trip Command
'] Close Command
1
Delay

Figure 2.11 Trip Free Command Pulse

Command Close Pulse This time setting determines the duration of the
Parameters Close Pulse sent to operate the close circuit of the
circuit breaker.

Trip Free and Delay
These parameters determine when the Trip Pulse is
initiated:

Standing

Initiates .5 cycles (8.3 ms at 60 Hz) after the test
starts.

Delay

Initiates after the time entered in the Delay Length
field.

Contact 1 Make

Initiates when the TDR9000 senses that a contact
make has occurred on the first of the Main
Contacts.

Recording Length  This setting determines the recording length and
implicitly sets the sampling rate at which the
recording is performed.
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O-C-O
Figure 2.12 gives a simplified representation of the test waveform
generated for the O-C-O test.
Standing and Delay
Trip Command
' ' Delay 2 :
i Delay
Close Command ———— | I—
Contact
Mak
Contact 1 Make e
Trip Command
:__, Delay -
Close Command i il —I—
Figure 2.12 O-C-O Command Pulse
Command Trip Command This time setting determines the duration of the first
Parameters Trip Pulse sent to operate the trip circuit of the

circuit breaker.
Close Command, Delay 1 and Delay 2

These parameters determine when the Close Pulse
is initiated:

Standing

Initiates .5 cycles (8.3 ms at 60 Hz) after the Trip
Pulse. The second Trip Pulse occurs — measured
from the start of the Close Pulse — after the time

specified in Delay 2.

Delay

Initiates a Close after the time entered in Delay 1
that appears when Delay is selected. Delay 2 also
appears, which determines when the second Trip
Pulse is sent. Both delays are measured from the
start of the Close Pulse.
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Continuity
. _______________________________________________________________________________________|

Continuity

Capacitance

Slow Close

NOTE

Contact 1 Make

Initiates the Close Pulse after the time specified in
Delay 1. The second Trip Pulse occurs when the
TDR9000 senses that a contact make has occurred
on the first of the Main Contacts.

Recording Length  This setting determines the recording length and
implicitly sets the sampling rate at which the
recording is performed.

The Continuity test is a system check of the TDR9000’s contact monitor
cable connections to the circuit breaker. This test is run as part of the
Pretest Check List completed just prior to running the test. Refer to
”Using the Pretest Checklist” on page 4-70.

The Capacitance Measurement test is used to measure EHV grading
capacitors. These capacitors are located in parallel with the main
contacts and can be measured through the EHV modules/cables when
the contacts are open. The test consists of measuring capacitance, in the
range of 75 to 10,000 pF, between each of the two EHV leads and the
common lead for each phase and each module. The test measurement
accuracy is in the range of £ 5%. Since the circuit breaker is not operated
during the test, no waveform is sent through the system

A combination of the OCB and Motion modules is used to monitor
performance during a Slow Close test. The purpose of the Slow Close test
is to accurately measure Contact Wipe. No external trigger is used. The
circuit breaker is usually operated manually by field personnel using a
hydraulic jack.

As there is no triggering mechanism, for recording to occur, the
software must be initiated from the Virtual Front Panel by field
personnel prior to operating the circuit breaker.

2-18
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Self-Diagnostics

First Trip/Close Tests

NOTE

First Trip/Close Test
Measurements

The Self-Diagnostics test performs a two-tiered analysis of machine
functionality. This test determines the validity of both the Physical Front
Panel and the internal operations based on the results from the
processing of pre-determined signals. These signals are designed to
emulate the signal flow that occurs on all measurement channels during
various tests. Refer to “Self-Diagnostics Test” on page B-1.

Use a First Trip/Close to capture operational data for circuit breakers that
have been idle. To preserve the integrity of data, and to study the
characteristics of long dormant circuit breakers, these tests are performed
on circuit breakers without removing them from operation. Main Contact
timing test results appear as waveforms instead of the usual contact state,
trip, resistor level/bounce, and close, because a CT secondary is used as
the signal source instead of the main contact cables, since the Main
Contacts are energized.

e Compare the First Trip/Close Test Results with subsequent operations
of the same type.
* These tests are useful for long idle spare breakers as well.

The TDR9000 can be used for First Trip/Close testing on IPO circuit
breakers as well as those with a single mechanism for the three phases.
Any number of signals are measurable, including motion and velocity. A
First Trip/Close Test Plan can be designed to quickly test a distribution
breaker of relatively low system importance, while another may include
a complete set of tests on a circuit breaker that is rarely removed from
service. The former requires a Test Plan designed for quick testing and a
minimum set of channels, while the latter setup requires a recommended
set of channels. In this guide, the process is described using an external
trigger. After the first Trip test, a Close test should also be run followed by
a second Trip and Close test for comparison purposes.

AN 70A-1898 Rev. A 11/01 2-19
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First Trip/Close Tests

The minimum set of channels is:

One Main Contact current (analog measurement from
CT secondary)

Trip (or Close, if performing the First Close test) coil current
(analog measurement)

DC supply voltage (analog measurement)

52CS/T (or 52CS/C if performing the first Close test) contact state
for Trigger In (Aux Contact measurement)

The recommended set of channels is:

Three Main Contact currents (analog measurements from
CT secondaries)

Trip (or Close if performing a First Close) coil current
(analog measurement)

DC supply voltage (analog measurement)

52 X or Y coil current (analog measurement)

52 X relay contact state (Aux Contact measurement)
52 Y relay contact state (Aux Contact measurement)
52A relay contact state (Aux Contact measurement)
52B relay contact state (Aux Contact measurement)

52CS/T (or 52CS/C if performing the first Close) contact state for
Trigger In (Aux Contact measurement)

Test System The following components are required to perform a First Trip/Close test
Component using an external trigger for the minimum set of channels:
Requirements * An Event module (T9433)

System module with Trigger In/Out (T9003, T9004, T9005)
Two Doble current probes (P/N 401-055)

The following components are required for the recommended set of
channels:

Two Event modules (T9433)
System module with Trigger In/Out (T9003, T9004, T9005)
Five Doble current probes (P/N 401-0055)

2-20
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3. TDR9000'" Front Panels

This chapter explains the TDR9000 Physical Front Panel and the use of
the TRXField Virtual Front Panel. Topics discussed include:

e Basic characteristics of the TDR9000 front panel and the virtual
interface

e Types of modules available and the relationship between the
physical and virtual front panels

Physical and Virtual Front Panel Characteristics

Figure 3.1 on page 3-2 shows a TDR9000 Physical Front Panel
containing
¢  One OCB/Motion module with three Motion channels installed
¢ Two Main Contact EHV modules

e Two Event modules with three analog and three auxiliary
channels installed

e The required System module with the Trip/Close and Trigger
In/Out options installed

AN 70A-1898 Rev. A 11/01 3-1
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TDR9000™ Circuit Breaker Test System User’s Guide

NOTE

Table 3.1 describes the connections and switches present on the Physical
Front Panel. For the specifications of each channel, refer to “TDR9000™
Circuit Breaker Test System Specifications” on page H-1.

Throughout this guide, “banana jack” refers to a banana jack connector
that is shrouded.

Table 3.1 TDR9000™ Physical Front Panel Connections/Switches

Callout Description

A Circular 12-pin male connector for an OCB Contact Monitor cable

B 15-pin female connectors for Motion Transducer cables

C Circular 12-pin male connectors for EHV Contact Monitor cables

D Banana jack connectors for completing general purpose analog
measurements (voltage, current shunt and current probe inputs)

E Banana jack connector for connecting the shield lead of analog test
cables to the chassis ground

F Banana jack connectors for completing auxiliary contact timing
measurements

G 3-pronged male connector for use with an IEC standard power cord

H Twist-Jack connector used to establish the system safety ground
through the ground cable

I 5-pin male connector for establishing Trip/Close control
connections

J Trip and Close fuses

K Banana jack connections for the Trigger In and Trigger Out
functions

L 9-pin female connector for the Doble supplied RS-232 serial
communications cable

M Power ON/OFF switch/circuit breaker

N 4-pin male connector for the Doble-supplied Safety Switch cable or
Safety Bypass flag

O DC power sources valid operation LED

RN 72A-1898
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Figure 3.2 shows the Virtual Front Panel that appears when the
Instrument bearing the modules (Figure 3.1 on page 3-2) is powered up.
The modules that appear on the Virtual Front Panel are dictated by the
TDR9000 firmware, which polls the TDR9000 Instrument and adds the
modules it detects to the Virtual Front Panel and, if a Test Plan is
selected, indicates the active channels.

% New Test Plan - TrField CIET=])

Eile \View Help
|5|e|a| 8|2)e| =
TestPlan TORS000 |
oes TRV 172 BTV 974 neiag & Aneog & ToROI00 | [Trip (0) B
@) | (©) | ©) |0.0]0.0fimn | ~wur |
CONTACTT .&E_H'\'F,I :{Tﬂf? -OM1 Trip Parameters |
%Eﬁ AEHVZ AEHV4 o‘h‘zo omo
TRAVEL 1
- i B 1 o o o o Tngger In
TRAVEL 2 O) U ) 447 SA3 ° o
- ;E\ETF:VV/ZI’ E\if—H»-;é Trgger Out
TRAVEL 3
0 0|00
/—‘\
-
<@ LQ/) o-w:zo os-czo i J;fe
| W @(@
o4-C‘Jo oSrC‘io T
Cumert
hation EHV 172 Efiv3/4 Lundliary 4 Audliary 5 System o
For Help, press F1 I UM

Figure 3.2 TDR9000™ Virtual Front Panel
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Basic Virtual Front Panel Functionality

Tab Navigation

The Virtual Front Panel provides general functionality used to operate the
Instrument and to interpret the tests being configured or run. This section
covers:

e Navigating the TDR9000 Virtual Front Panel tab in TRXField

Module level vs. connector level configuration

Understanding connector indications
TDR9000 Physical and Virtual Front Panel Numbering

Figure 3.3 and Figure 3.4 show the tabs that comprise TRXField
operations. By navigating these tabs, data is entered, edited or viewed.
Figure 3.3 shows the tabs that appear when beginning a new Test Plan.
Figure 3.4 shows the tabs that appear when an existing Test Result is
opened or after a test is run. A description of each tab follows.

%New Test Plan - TrxField

File “iew Help

O|slela| s(2(%] =

| TestPlan TDR300O |

Figure 3.3 Navigating Tabs |

g Tp0005_pin - TrxField

File  %iew Help
D[\ 2(=| 22 =]

| TestFlan !TDRHDDDI EditSEecs. | Test Results' Graﬁhics|

Figure 3.4 Navigating Tabs Il
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Tab Navigation
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NOTE

NOTE

The Test Plan and TDR9000 tabs are used to configure Test Plans as
follows:

Test Plan All data can be configured here. This includes
channel activation and the input of the
performance specifications. The data fields present
on this tab are fully explained in Appendix A
"TRXField™ Software and Circuit Breaker Testing
Theory”.

TDR9000 This tab contains the Virtual Front Panel. Channel
activation and labeling can be set. Refer to ”Setting
Up a Test Plan Manually with TRXField™"”
on page 4-43 for configuration information.

The Edit Specs., Tabulation and Graphics tabs are used to work with Test
Results as follows:

Edit Specs. This tab displays all of the parameters that were
configured when the test was run. Some of these
fields are active and editable. When these fields
are edited, the data displayed on the Tabulation
and Graphics tabs change to reflect the effect new
parameter settings have on the data gathered
during the test. This is a useful way in which to
study and compare data on circuit breaker
operations.

The Edit Specs. functionality does not change the specifications in the
original Test Plan, nor does it change the actual data gathered during
that test.

Tabulation Tabular Test Results are viewed on this tab.

Graphics Graphical Test Results are viewed on this tab.
The presentation characteristics of the results are
tailored, using the operations explained in
"Working with Test Results” on page 4-81.

The contents of the Test Plan, Tabulation and Graphics tabs are printable
using the optional printer, or any other connected printer.

TRXField also supports a functionality that displays multiple Test Results
together on a Graphics Overlay tab. This function is performed using
the Overlay Graphics selection of the File menu.

3-6
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Configuration Levels

The Virtual Front Panel has two configuration levels for each module:
* Module
¢ Connector

NoTE The System module does not include a module level configuration
' capability. To configure a parameter, click the virtual image associated
: with it.
Module The module level configures all fields associated with a connector type.

This includes fields associated with individual connectors and those
associated with overall module behavior. Figure 3.5 shows the module
level window for an EHV module.

EHV 1/2

Activate bl | Deactivate .t’-‘«lll

- Connectar 1

Trip Fiesistar Flange

— Contact 1 — Contact 2
V| In use ¥ | lruse |2EID-5EID Dhm:VI
¥ | Eapacitance | |¥ | Eapactance
|.t’-‘«-EHV 1 |.t’-‘«-EHV 2 Close Resistor Range
200 - 500 O bl
- Comnectar 2
— Contact 1——— ~ Contact 2———
llz E‘um_ llz E‘USE_ Capacitar Range
W &
apacitance SpaCiERCE 75 2EO0pF w
[B-EHY 1 Je-EHY 2
r— Connectar 3
—Contact 1—— - Contact 2——— ok I
¥ Inuse I# | [use
¥ | Eapacitance | |¥ | Eapactance Cancel |
JCEHY A JoEHY 2

Figure 3.5 Module Level Configuration
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Configuration Levels
-]

For the EHV module, this window sets the following parameters that
affect all the active channels:

e Activate/Deactivate All

* Trip Resistor Range

e Close Resistor Range

¢ (apacitor Range
On the same window, the following parameters affect only individual
connectors that are configured:

* InUse

¢ (Capacitance

e Label (Not editable in EHV)
The OCB/Motion Virtual module (leftmost panel, location one, in
Figure 3.2 on page 3-4), contains an OCB connector and a Motion
connector. This module is effectively split in two, with the overall Motion
parameters window accessed by clicking Motion on the bottom of the
virtual module, and the overall OCB parameters accessed by clicking
OCB on the top of the virtual module. This behavior holds true for the

Event module (panel locations four and five of Figure 3.2 on page 3-4) as
well.

Connector The connector level accesses only those fields that dictate the behavior of
individual connectors. To open this window for a particular connector,
click its virtual image.

Figure 3.6 shows the connector level window for an EHV connector.

EHY 1/2 Connector 3
Contact 1 Contact 2
¥ Inuse ¥ [ use
¥ Capacitance I¥| Capacitancze

[cErvi EERE Calrcel |

Figure 3.6 Connector Level Configuration
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Using this window, the following parameters that affect individual
connectors can be configured:

* InUse
e (Capacitance
e Label (Not editable in EHV)

Smart Cursor To assist in configuring Virtual Front Panel modules, the TRXField
program includes a specialized Smart Cursor. When the mouse pointer is
located near a configurable item, the Smart Cursor appears with text

indicating the module associated with the cursor. The cursor has two
different appearances:

Clicking the mouse when this cursor appears opens the
§ Module level configuration window, as explained in
"Module” on page 3-7.

o Clicking the mouse when this appears opens the
Connector level configuration window, as explained in
"Connector”.

Connector Indications

Figure 3.7 shows an example of an OCB connector with callouts to its
various components (shown as rings). All connectors on the Virtual Front
Panel use the same basic functionality, where color designates status.

A

B

Figure 3.7 Sample Connector

A Indicates the channel activation status. Channels
are activated or deactivated using the In Use
checkbox on the various connector configuration
windows or on the Test Plan tab. For this
component:

¢ White indicates an active channel
¢ Blue indicates an inactive channel

AN 70A-1898 Rev. A 11/01 3-9
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Connector Indications

NoTE

B Indicates that the firmware has confirmed that a
measurement channel has been detected, and that
it is ready for use. This means that all connections
that can be detected (transducers and certain
cables) have been made and that all operations
required prior to a test, such as probe zeroing, have
been completed. For this component:

Red indicates the channel is not ready for use.
Green indicates the channel is ready for use.

If all the connectors on the Virtual Front Panel
have a gray center, there is no communication
between the Instrument and the laptop via the
serial port.

* Check the serial port connections.
Component B is gray when:

¢ Channels are activated in the Test Plan, but
there is no communication with the
TDR9000.

e There is communication with the
TDR9000, but channels are activated for a
module that is not physically present in the
instrument. Modules not present on the
Virtual Front Panel appear gray.

The entire Virtual Front Panel, except for the System module, is gray if
there is no communication with the TDR9000 and there are no
channels activated in the Test Plan.

If the Instrument does not support the current Test Plan, the channels
not supported must be de-activated via the Test Plan or TDR9000 tab.

3-10
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Transmit/Receive

NoTE

Figure 3.8 shows the transmit/receive indicators located on the lower
right side of the Virtual Front Panel. These indicators flash green when
data is being transmitted or received through the communications port of
the laptop or computer running TRXField; left and right indicators,
respectively.

[E5 New Test Plan - TrField
Eile View Help
|&|w @) 8j2)e| =

TestPlan TDRS00D |

) TRV 172 T Anaiog 4 Anslog 5 TDRA00D [Trip (0) =

¢ f\\ Ra000 Fun Trip Test |
® | © | ©) |9-®|9.0 ffie=,

CONTACT! AETIV1 AEFV3 o) OM1 ? Trip Parametars |

CONTALCTZ AEHVZ AEHY 4
e ©00/0o0
— 82 4

TRAVEL1

- ) |0 |0.00.9 55

% BEHV2 BEHVA o o o o Trigger Out
41 &C1
JER V= 1
<U,) (O) 0 000 )
e 0le 0f@(@)
4-C3 5C3 c:gi

hation EHV 1/2 EHV 3/4 Auniary d Audliary 5 System o
ForHelp. press F1 /NUM I

Transmit/Receive Indicators

Figure 3.8 Transmit/Receive Indicators

If both indicators are gray, there may be a communications port
conflict that makes the selected port on the PC or laptop unavailable to
the TRXField software. This is not a TDR9000 failure.

- - eVv. -
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TDR9000™ Physical and Virtual Front Panel Numbering
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TDR9000"" Physical and Virtual Front Panel Numbering

This section explains the numbering schemes used for the Physical and
Virtual Front Panels.

Physical Front

Panel numbering: Location and backplane Slot.

A Physical Front Panel Location denotes where a module is plugged into
the TDR9000. Figure 3.9 shows how numbering develops for the

TDR9000 Physical Front Panel. Six Locations exist, which are numbered
from left to right.

There are two concepts necessary to understand Physical Front Panel

OCs/ EHV EHV EHV EHV System
Motion or or or or Module
or Event Event Event Event
Event Module Module Module Module
Module
Location Location Location Location Location Location
1 2 3 4 5 6
. ™ .
Figure 3.9 TDR9000 ~ Front Panel Locations
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Figure 3.10 shows how numbering develops for the boards that populate
the TDR9000 backplane.

12 1} 10 9 8 7 6 5 4 3 2 1

<4—7— Power Supply
Module

Trip/Close
Module
(optional)

A

Slot 1 CPU

Slot 2 EVG

A

Slot 3
Capacitance

U U % U U Y U U Y U Y Y

Front of Instrument

Figure 3.10 TDR9000™ Backplane Slots - Top View

Since there are twelve backplane Slots and only six Physical Front Panel
Locations for modules, it is apparent that some modules require the use
of two individual boards in two backplane slots to operate. This explains,
for instance, why once a location is configured for an EHV module, an
Event module cannot be placed there. To change module types, when
allowed, a backplane card or cards must also be changed.

When a module requires the use of two Slots, one of these Slots contains
a Master board and one contains a Slave board.
Virtual Front Panel There are two instances where module numbering appears on the Virtual
Numbering Front Panel:

e EHV modules
e Event modules

AN 70A-1898 Rev. A 11/01 3-13
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EHV Module The numbering that appears on the EHV Virtual Front Panel module

Numbering represents the circuit breaker contacts to be monitored by that module.
Figure 3.11 shows an example EHV module. In this example, 1/2
designates that this EHV module should be connected to contacts 1
and 2 of the EHV circuit breaker.

The first available location is Location 2. EHV modules in Location 2 are
referred to as EHV1, EHV modules in Location 3 are referred to as EHV2,

and so on.
Note Ensure that the physical connections completed on the Physical Front
' Panel reflect this numbering order.
[J
EHW 1,2
™~ Module
Numbering

AEHY 1
AEHY 2

B-EHW1
B-EHV 2

C-EHW1
C-EHV 2

EHY 1/2

Figure 3.11 Virtual Front Panel EHV Module Numbering

Event Module The Event module itself is numbered according to the location it
Numbering populates in the TDR9000. This label appears at the top and the bottom
of the module prefaced by Analog and Auxiliary, respectively.

The Analog and Auxiliary connectors, which occur in groups of three per
module, are numbered from top to bottom.
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Figure 3.12 shows an example with two Event modules side-by-side on
the same Virtual Front Panel and explains module numbering syntax.

Analog 4 Analog 5

Analog Connection /Doq—mo os!&

numbering for I~ Analog Connection

Location 4 numbering for
OC(Z'_‘XH ) o o o o Location 5
- " (5-A1)

00|00

00|00
0000
00|00

Auxiliary 4 Auxiliary 5

Figure 3.12 Virtual Front Panel Event Module Numbering

A discussion of each module type follows. Each discussion contains:

* Adescription of module functionality.

e A graphic that maps the relationship between the Physical Front
Panel and the Virtual Front Panel, using the related TRXField Test
Plan parameters as a bridge.

In graphics, bracketed Test Plan items between the Physical Front
Panel connector and the Virtual Front Panel are the only
configurable using the Test Plan tab. These items must be active
in a Test Plan imported from the TRX software If configuring a
new plan, they are configurable only on the Test Plan tab.
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Physical Front Panel

Figure 3.13 shows an example of how this mapping works.

Test Plan Items

Test Plan parameters that are configurable only via the Test
Plan tab are linked to the connector they effect using arrows

and

brackets.

Travel Specifications

Expected

Channels 1-3

Phus Nlinus

Espected

Chatinels 4-6
Plus

Mins

Total Travel swaorsnon g swaorsnon g swaorsnon g ook i ook i ook i)
Overtravel Open stosoion gy stosoion gy stosoion gy sk | sk | sk |
COwvertravel Clase skt skt skt otk i otk i otk i
Rehound Open saonsnn i saonsnn i saonsnn i sk i sk i sk i
Rebound Close inf inf inf i i i
Contact Wipe skt skt skt otk i otk i otk i
Average Velocity Specifications  Channels 1-3
Zone Definition From To Minirmuen, Mazdrmim
“Welocity Open | Distance, Distance kR A gl R fg e fg
Zone | Close | Distance, Distance HEEEEE i) HEEEEE i) R i T R fifg
“Welocity Open | Distance, Distance kR A gl R fg e fg
Zone 2 Close | Distance, Distance HEEEEE i) HEEEEE i) R i T R fifg

Virtual Front Panel

Figure 3.13 Example Module Mapping

=
‘!"

=
‘!"

=
‘!"

OCB

(]
]
=
=
i
(]
pai1
—_

CONTALCT 2

(]
]
=
=
i
(]
pai1
o

TR&VEL 1

TRAVEL 2

TRAVEL 3

fation

Refer to "Connecting the TDR9000™ Physical Front Panel” on page 4-30
for specific configuration procedures.
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OCB/Motion

NOTE

The OCB portion of this module measures main and resistor switch
contact operation timing when a Dead Tank or candlestick circuit
breaker is closed or opened. Trip and Close pre-insertion resistor value
ranges are configurable, and this configuration applies to all three
contacts of the OCB connector. Contact status information is available
for each individual contact. An option is available (Doble P/N T9120)
that measures the Ohmic value of pre-insertion resistors.

The motion portion of this module records the motion of the circuit
breaker contacts through a digital rotary or linear transducer attached to
the operating mechanism. Possible configurations include three or six
motion channels.

Data can be presented in English or Metric units. The TRXField software
has the ability to set two user-defined zones for the measurement of
velocities and to set a range of expected speeds that should occur in
those zones. Additionally, to accommodate the need for indirect
measurements on some transducers, TRXField includes a Transfer
Function. The Transfer Function performs a linear scaling calculation
using two user-entered values that transform a measurement taken at a
transducer to one equal to a contact’s travel.

The OCB/Motion module, if used, must reside in Location 1. Its
configuration is discussed in "Configuring the OCB/Motion Module”
on page 4-45.

Figure 3.14 on page 3-18 maps the relationship between those
parameters set only on the Test Plan tab and the Virtual Front Panel
connectors they effect.

OCB and Motion functions are independent, but are packaged
individually or in any combination to meet the application
requirements.

Aok e 72A-1898 Rev. A 11/01
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Test Plan Items Virtual Front Panel

Contact Timing Specifications

Physical Front Panel

binimurn Maximum Module Phase Breaker 3 I:”:B
hain Open e ms e ms e ms e ms e ms
Main Close My My Mg, Mg, Mg,
Main Reclose Mg Mg M, M, M,
Ttip-Free Dwell Time: rif. R s e, S ms,
Feclose Dead Time min. g [, S ms,
Fesistor Contact Timing Specifications COMTALCTI
Minirurm Maximurn Module Phase Breaker COMNTALCTZ
Res. Open S S S s ] s ] EDNT'&ETE
Fes. Close e g e g e g M M
Ingertion Resistor Open mir. === Ohrng max. === Ohrng| @_;
Inserion Resistar Close min. ***** Ohms|max. ***** Ohmsg| TH,I':'I.I'-.-"EL 1
Resistor Relative to: Main Resistor Tabulation Qualifier: 200 us |
J
Trawel Specifications Channels 1-3 Channels 4-6 ( TH.":".I"."IEL 2 }
Expected Flug Mirns Exzpected Flus Minus
Total Travel [r— [r— [r— [— [— [r—
Owertravel Open sk i sk i sk i weronik | weronik | weronik |
Overtravel Close kbt g kbt g kbt g ek b ek b ek b
Rebound Open otk i otk i otk i ootk i) ootk i) ootk i)
Rehound Close sk i sk i sk i weronik | weronik | weronik |
Contart ipe S O s RO IO Iy @_p
Average Velocity Specifications  Channels 1-3
Zone Definition From To Mirdrmatn, Masitruen
WVelocity Open | Distance, Distance kbbb ) B+ I T Il i 1
Zone 1 Close | Distance, Distance HAEEE il HAEEE il wEERE g R fif]
WVelocity Open | Distance, Distance kbbb ) B+ I T Il i 1
Zone 2 Close | Distance, Distance HAEEE il HAEEE il wEERE g R fif]
MOTION
The Digital Discriminator parameter, available only
\ . J
on the Test Plan, affects all Main Contact batian

measurements. Refer to ”Digital Discriminator”
on page A-55.

Figure 3.14 OCB/Motion Module Mapping
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EHV

The EHV module measures the main and resistor switch contact
operation timing when a Live Tank circuit breaker opens or closes. An
option is available (Doble P/N TR9320) that measures the Ohmic value
of pre-insertion resistors.

The TRXField software supports two configuration choices for the
contacts as a group:

EHV Measures two breaks per phase on all three phases.

Split Tests circuit breakers with odd numbers of
interrupters per phase, or activates and tests one
channel at a time in a module.

The EHV module, if used, can reside in Locations 2 through 5.

Figure 3.15 on page 3-20 maps the relationship between those
parameters set only on the Test Plan tab and the Virtual Front Panel
connectors they effect.

Another option is available that measures the capacitance of grading
capacitor assemblies installed in parallel with the circuit breaker
contacts.

AN 70A-1898 Rev. A 11/01 3-19
et >



TDR9000™ Physical and Virtual Front Panel Numbering

Physical Front Panel

¢B

oC

Test Plan Items

Contact Timing Specifications

Minimurn Maximurn Module Fhase Breaker
Main Open e mE, e mE, s, s, e me
Main Close e mE, e mE, s, s, e me
Main Reclose e mE, e mE, s, s, e me
Trip-Free Dwell Time: min. s [rnax, e ms,
Feclose Dead Time: min. s [rnax, e ms,

Fesistor Contact Timing Specifications

Minimurn Maximurn Module Fhase Breaker

Fes. Open et 111 et 111 et 111 et 111 et 111
P

Fes. Close et 111 et 111 et 111 et 111 et 111
Insertion Resistor Open: min. == Ohms{ max. **** Ohms
Insertion Resistor Close: min. == Ohms{ max. **** Ohms
Fesistor Relative to: Main Fesistor Tabulation Qualifier; 200 us

Live Tank / EHV Channel Activation
Main Contact Configuration: [[EH, =

[Moduts [Erv 1 E'm‘J 2
3 f\

[Erv 5 \

[EHV 4
los10 |

[EHV 3
l7/8

[si6

[channet E
EHV or Split selection
only on Test Plan

The Digital Discriminator parameter, available only on the Test Plan,

affects all Main Contact measurement. Refer to "Digital
Discriminator” on page A-55.

Figure 3.15 EHV Module Mapping

Virtual Front Panel

—
EHw 142

AEHY 1
AEHY 2

B-EHw 1
B-EHw 2

C-EHw 1
C-EHw 2

EH 1/2
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Event

Analog Channels

NOTE

Auxiliary Contact
Channels

NOTE

The Event module is split into two parts:

* Analog channels
e Auxiliary contact channels

The analog part of the Event module has three general purpose analog
inputs for use in monitoring voltages or currents. These inputs are
individually configurable via the software to read inputs from current
shunts and probes, as well as voltages. Analog inputs are converted by a
high speed 12-bit analog-to-digital converter and then recorded at the
Instrument 10 kHz sample rate.

For applications where a current probe is used, a probe zeroing process
must be completed. Refer to ”Current Probes” on page 4-34.

The Auxiliary Contact portion of the Event module monitors the state of
up to three sets of auxiliary contacts.

These contact circuits ascertain whether a contact is:

e Open or closed

e If open, wet or dry, regardless of the polarity of the
excitation voltage

The TDR9000 has an automatic wetting circuit that wets a dry contact,
which allows the open/closed state of the circuit to be determined.

This module comes with three analog and three auxiliary contact
channels. For the present, this module can be used in Locations 1
through 5.

Ensure that the physical connections completed on the Physical Front
Panel reflect the numbering order of the Event module.
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System

NOTE

The System module is mandatory and must be installed in Location 6. It
provides basic system functionality such as communications, power and
test control.

The System module is minimally comprised of:
e Power switch/circuit breaker
e RS-232 communications connector (to the laptop)
e Safety Switch cable input connector
e AC power supply receptacle
e System ground connector

The System module provides the interface for two optional modules that
add to the functionality of the TDR9000:

Trip/Close module

The Trip/Close Current module is an Internal measurement of
the Trip and Close currents

Trigger In/Trigger Out module

The Trigger In functionality is used as the trigger input during
First Trip/Close tests.

At least one of these modules is required for the TDR9000 to function.
The Instrument can support both.
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Trip/Close Module
The Trip/Close control function consists of two parts:

e The Trip/Close control module located inside the TDR9000

e The connector, fuses and protection circuits that are part of the
TDR9000 System module.

The Trip/Close module enables the TDR9000 to control the following

tests:
e Trip
¢ C(Close

e Trip Free — Standing
e Trip Free — Delay
e Trip Free — Contact 1 Make
* Reclose — Standing
e Reclose — Delay
e O-C-O Standing
e  O-C-O Delay
e O-C-O Contact 1 Make
This module operates the circuit breaker under test through the action

of solid-state switches that Trip or Close the circuit breaker and is
polarity-insensitive, so that the user need not know lead polarity.

The TDR9000 can be ordered without the Trip/Close module, however,
all tests need to be triggered externally to the TDR9000 using a push
button or through SCADA.
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Trip/Close Module

When included with the TDR9000, the Trip/Close module normally
connects across the circuit breaker manual Trip or Close switch, as
shown in Figure 3.16.

Station = ——
Battery

+ DC
+ 0 Trip/Close
Manual Module
Switch
0

Trip/Close
Current Option

Trip Coil

77[ Auxiliary Contact

Trip/Close Current

NoTE

Figure 3.16 Trip/Close Module Application

The Trip/Close module can be outfitted with an optional internal current
measurement for the Trip and Close circuits. When this option is resident
on the system, T/C Current appears below the Trip/Close virtual
connector.

This option measures the Trip and Close circuit current during a
Trip/Close test by:

e Shunting the Trip and Close currents through the Trip/Close
Current component of the Trip/Close module

* Converting the measured voltage to a digital reading

e Sending the result to the Virtual Front Panel for display on the
Graphics tab as a current waveform and on the Tabulation tab as
a peak current value

If the correct Close currents do not appear, refer to the

Doble Application Note: “AN7: Monitoring Closing Coil Current with
the TDR9000™ Current Shunt in the Close Circuit” on page 1-27

of this guide.
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Figure 3.17 maps the relationship between the System physical module
and its virtual counterpart for Trip/Close operations.

Virtual Front Panel

TORS000

Physical Front Panel

Trigger In

Trigger Out

Test Plan Items
Trip
Safety Close

Command Parameters

|Trip Current Range 1DD.DAmpS.|Close Current Range ZD.DAmpS.|
TG

Current

Systemn

Figure 3.17 System Module Mapping - Trip/Close
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Triggers

Triggers

Trigger Input

The TDR9000 comes with Trigger Input and Trigger Output capabilities.

For a more specific discussion refer to “Configuring the Command
Parameters” on page 4-58.

Trigger Input has three possible sources, selected in the Trigger Source
field, that begin recordings:

None(Internal)

AUX Contact

Trigger In

The TDR900O triggers the circuit breaker and the
recording.

An input that comes in through an Auxiliary
Contact triggers the test. The circuit breaker must
be triggered by other means; local control. The
trigger can be one of four types:

e Open to Close
e Close to Open
e On to Off (Voltage)
e Off to On (Voltage)

An input that comes in through the Trigger In
connection of the System module and is
conditioned by a delay time, starts the TDR9000
test.

The trigger itself can be one of two types:

e Open to Close
e Close to Open

Although the System module Trigger In channel is
a tri-state channel like the Aux Contact channels, it
is not a measurement channel. For each of the two
settings, it detects the state change, but only the
fact that a trigger event has occurred is sent to the
firmware. Unlike the Aux Contact channel trigger
input, however, the Trigger In channel does not
allow a test to begin if the trigger input is detected
as already being in the active condition.
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Trigger Output

Trigger Output enables the user to operate a circuit breaker using an
input generated by the TDR9000, as connected through the Trigger Out
connectors of the System module. The pulse width can be set, along with
a trigger delay. The Trigger Output parameters pertain to only one thing:
the TDR900O Trigger Out channel (on the System module). The Trigger
Output is essentially a solid state switch output (dry contact), that can be
used to control an accessory, or trigger another TDR9000. The Trigger
can operate in circuits up to 300 V peak, 0.5 A maximum.

There are two Trigger State conditions:
e Off
e On
The following fields are active when the Trigger State is On:

e Pulse Width
e Trigger Delay
* Polarity
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4. Setup and Operation

This chapter contains sections that discuss the following:

Safety recommendations for use with the TDR9000
Site preparation, including:

e Setting up the circuit breakers being tested

e Configuring the TDR9000 Test Plan

e Configuring TDR9000 connections

Running a test

This chapter also discusses test safety recommendations, wiring, and
running First Trip/Close tests. Since First Trip tests require that the circuit
breaker be energized, references to discussions of test setup are found in
"First Trip/Close Tests”. Once test setup is complete, move to “Using the
Pretest Checklist” on page 4-70 and proceed with the rest of the chapter
to run the test and disconnect after the test is complete.

First Trip/Close Tests

Specific discussions for First Trip/Close tests occur in the following

places:

”Safety Considerations: First Trip/Close Tests” on page 4-2
"First Trip/Close Virtual Front Panel Configuration” on page 4-2

"Configuring Analog/Auxiliary Channels for First Trip/Close Tests”
on page 4-4

"Running a First Trip/Close Test: Special Considerations”
on page 4-75

"Disconnecting After a First Trip/Close Test” on page 4-101
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Safety Considerations: First Trip/Close Tests

First Trip/Close testing involves connecting control cabinet cables to a
live circuit breaker. Under no circumstances are Contact Monitor cables
(EHV or OCB) used during First Trip/Close tests.

For a First Trip/Close test, connections are made in the circuit breaker
control cabinet while the breaker is still energized. During a time when
the circuit breaker is de-energized, it is desirable to make some
adjustments that facilitate First Trip/Close connections, such as adjusting
wiring to accommodate clip-on probes. Doble does not recommend
connecting a motion transducer to an energized breaker. To include the
measurement of the motion characteristics of a circuit breaker in the First
Trip/Close tests, Doble does, however, recommend finding a spot on the
circuit breaker's mechanism and permanently installing a motion
transducer while the breaker is de-energized.

For safety reasons, Doble also recommends that the circuit breaker be
operated remotely and that the tester be set up to use the external trigger
feature of the TDR9000. This guide outlines the First Trip/Close Test using
an external trigger only.

First Trip/Close Virtual Front Panel Configuration

Some special considerations exist when configuring for a First Trip/Close
test. The following areas of the Test Plan or Virtual Front Panel must be
configured:

e The Nameplate information must include at least the
Manufacturer, Model Number, Serial Number, Special ID, if any,
and Location. A note in the Version Description field indicating
that the Test Plan is for use with First Trip/Close tests is
recommended so as not to confuse this Test Plan with an offline
Test Plan for the same circuit breaker.
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¢ In the Command Parameters on the Virtual Front Panel, select the:
Trigger source:

e Aux Contact if using an Auxiliary Contact channel on the
Event module

e Trigger In if the TDR9000 System module has the Triggers
option

Trigger event:

¢ C(Close
e Open

The trigger event is the change of state the TDR9000 is expecting
to see before recording the test data. During a First Trip Test, the
closing of the 52CS/T contacts initiates the recording. During a
First Close Test, the closing of the 52CS/C contacts initiates
recording.

e |f using the “Aux Contact” trigger source, select the trigger
channel where the trigger signal is received. Select the pre-trigger
time, or leave it at the default, zero (see page 4-65).

e For each relay contact state measured, an Auxiliary Contact
channel must be activated, given a label and a phase. If the relay
contact state is measured using a Trigger In channel (the Triggers
option must be present on the System panel), there is no need to
activate an Auxiliary Contact channel for it. Activate only the
channels being used. When performing a First Close test, both the
52CS/T label in the Test Plan must be changed to 52CS/C and the
cables must be transferred, since this contact is being used to
trigger the Close operation.

e For each current or voltage waveform to be measured, an Analog
Channel must be activated, given a label and a phase. All Analog
currents are measured using Doble probes, except for the DC
supply voltage. Activate only the channels being used. When
performing a First Close test, the Trip Coil label must be changed
to Close Coil.

 |If Motion transducers are permanently installed, the motion
channels must be activated, and a label and phase selected.
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Connecting the TDR9000 ™

Configuring Analog/Auxiliary Channels for First Trip/Close Tests

Connecting leads for a First Trip/Close test consist of:

e TDR9000 Connections
e Circuit Breaker Connections

Connecting the TDR9000™"

Table 4.1 and Table 4.2 list the connections to the TDR9000 required
for a minimum set of channels and a recommended set of channels,
respectively. Since this is an external trigger test, no control cables are
used.

Table 4.1 TDR9000™ Using a Minimum Set of Channels

Item | Signal Type TDR9000 Module
Connection
1 Main Contact Analog Event
(from CT secondary)
2 Trip relay coll Analog Event
current
3 DC Supply voltage Analog Event
4 52CS/T contact state | Auxiliary Contact | Event or Trigger In*

(for Trigger In source)

*Connect to an Event module if using Aux Contact trigger source, and to
the Trigger In jacks on the System module if using the Trigger In source.
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Table 4.2 TDR9000™ Using Recommended Set of Channels

Item | Signal Type TDR9000 Module
Connection

1 Main Contact A Analog Event/ D
(from CT secondary)

2 Main Contact B Analog Event
(from CT secondary)

3 Main Contact C Analog Event
(from CT secondary)

4 Trip relay coil current Analog Event

5 DC Supply Voltage Analog Event

6 52X or 52Y relay coil Analog Event
current

7 52A contact state Aux Contact | Event

8 52B contact state Aux Contact | Event

9 52X contact state Aux Contact | Event

10 52Y contact state Aux Contact | Event

11

52CS/T contact state
(for Trigger In source)

Aux Contact

Event or Trigger
In*

* Connect to an Event module if “Aux Contact” is the trigger source in the
Test Plan, and to the Trigger In receptacles if “Trigger In” is the trigger
source. This table applies to a TDR9000 with two Event modules.

Aok e 72A-1898 Rev. A 11/01
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Connecting the Circuit Breaker
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Connecting the Circuit Breaker

Leads for measuring the Main Contact current are connected via a
clip-on probe to the current transformer secondary of the phase being
measured. If testing a live tank breaker, where a separate free-standing
CT is used, it should be possible to position the TDR9000 so that cable
lengths suffice to make the connection. The connections to the breaker

are:
1.
2.

Connect the test set ground connection to the circuit breaker ground.

Connect a Doble current probe (Doble P/N 401-0055) to a

CT secondary for each phase being measured to record the Main
Contact currents and then connect the current probe leads to the
analog channels on the TDR9000 Event module.

Connect the current probes (Doble P/N 401-0055) to selected relay
coil circuits and then connect the leads to Doble probes and into the
Event module Analog channels, as required.

This records the selected relay coil currents.

Connect a set of Analog cables across the DC supply switch and into
the TDR9000 Event module Analog connector.

This records the DC supply voltage.

Connect Auxiliary Contact cables across the selected contacts and
into the TDR9000 Event module Auxiliary connector.

This records the selected contact states.
Connect:

e Trigger In cables across the 52CS/T contacts if using the
TDR9000 with a Trigger option and if Trigger In is set as the
trigger source in the Test Plan.

Otherwise

e Connect Auxiliary Contact cables across the 52CS/T contacts
ensuring that Aux Contact is set as the trigger source in the
Test Plan.

When the Trigger In or Connect Auxiliary Contact cable is used as an
external trigger signal, it records the 52CS/T contact state.
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Safety

This section discusses principles that must be followed to ensure a safe
testing environment.

Instrument Precautions

Do not drop or throw the Instrument or transducers.
Do not use the Instrument or transducers as a step or platform.

Do not store the Instrument or transducers in temperatures lower
than —13°F (-25°C) or greater than +158°F (+70°C).

Do not operate the Instrument or transducers in temperatures
lower than 32°F (0°C) or greater than +122°F (+50°C).

Do not store the Instrument or transducers in excessively humid
environments.

Do not expose the Instrument or transducers to rain, snow, sand,
or dust.

Always transport the Instrument or transducers with their
protective covers in place.

Testing Personnel Required

The TDR9000 should not be operated by a crew of less than two people.
Designate one person as the Test Set Operator, and the other as the
Safety Observer.

The role of testing personnel can be defined as follows:

Test Set Operator ~ Supervises the test and operates the TDR9000

using the Safety cable switch provided.

Safety Observer Observes the performance of the test, oversees the

test setup, watches for any potential safety hazards,
and gives warnings and guidance as required.
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Personnel Safety

Personnel safety considerations include:

e Hold a pre-test meeting for everyone who will be working in
proximity to the area where testing will be performed. Frequently,
other crews will be working on non-test related tasks in close
proximity to the equipment being tested.

Review:

e Tests to be performed

e Apparatus and the voltage test levels involved

e Potential hazards involved with the work, and the
individual assignments

Remind personnel to be aware of the work activity taking place
around them and be alert to the possibility that non-test personnel
may enter the test area.

e Agree on a consistent and uniform set of visual and verbal signals
that will be used during testing.

* While making the various types of connections involved in the
different tests, it may be necessary for personnel to climb up on
the apparatus.

Be sure that no one remains on the apparatus during the test itself.

NoOTE Once a test is loaded, never attempt to disconnect the cables from
I either the test specimen or from the TDR9000 Instrument until the test
H is completed or cancelled.
WARNING Do not handle Contact Monitor cable test connections while a test is
Q running. Up to 48 VDC can be present.
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Safety Practices — General Rules

Grounding

General safety considerations include:

Perform all tests with the apparatus under test removed from
service and made safe for testing.

Strictly observe all company rules for safe practice in testing,
including tagging during testing and maintenance work.

Always adhere to manufacturer’s circuit breaker specifications.
State, local, and federal regulations (e.g., OSHA) may also apply.
Company rules and government regulations take precedence
over Doble recommendations.

Grounding considerations include:

Solidly ground or earth the apparatus under test, the TDR9000,
and any other external equipment being used.

When the TDR900O is permanently housed in a vehicle, bind
the Instrument ground to the vehicle chassis, which in turn is
grounded.

When dealing with capacitors:

1.

Close all the grounding switches on the device housing in order to
ground the bottom terminals of the capacitor.

Make sure capacitor stacks are discharged before personnel come
into contact with them.

Internal resistors must not be relied upon for discharging individual
capacitor cells; resistors in failed capacitor cells should be considered
suspect. For additional protection, Doble recommends that a shorting
wand be applied to the terminals of individual cells before personnel
come in contact with them.
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Grounding

Site Preparation

This section covers site preparation for the following tests:

e Dead Tank Circuit Breaker
e Live Tank Circuit Breaker

Preparation can be broken down into the following tasks:

1. Circuit breaker preparation, including safety ground attachment,
which is common for Dead Tank and Live Tank tests

2. Rotary/Linear Transducer installation, which varies for Dead and Live
Tank tests

3. TDR9000 configuration, which is common for Dead Tank and Live
Tank tests

4. Safety Grounds removal, which is common for Dead Tank and Live
Tank tests

Circuit Breaker Preparation

The TDR900O is designed to test circuit breakers with one side of the
circuit breaker at ground potential at all times.

In addition to the circuit breaker itself, the Contact Monitor cables act as
excellent antennae for electrostatic or electromagnetic pickup. Since the
length of the cables and their relationship to the energized conductors is
a determining factor in the level of interference, the TDR9000 system
uses shielded Contact Monitor cables. This shielding minimizes the
length of the cable that is exposed to electrostatic or electromagnetic
pickup.

Although the system successfully performs in the presence of mild
electrostatic interference, every effort to minimize the interference
should be made.

Preparation of the circuit breaker includes:
1. Opening the circuit breaker

2. Opening, locking and tagging the circuit breaker isolating disconnect
switches

3. Connecting safety grounds to a cleaned (brushed) spot on the ground
grid and then to each bushing of the circuit breaker to be tested

4. Removing DC power from the Trip and Close circuits on the circuit
breaker control panel

4-10
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Rotary/Linear Transducer Installation

WARNING

ZAN

The separate installation procedures for Dead Tank and Live Tank Circuit
Breaker transducer installations follow.

During both Dead Tank and Live Tank test setups, it is important to
perform connections in the following general order:

1. Connect grounds
2. Complete TDR9000 connections
3. Complete connections to circuit breaker being tested

Additionally, before beginning transducer installation, make sure that the
circuit breaker is closed.

When using a linear rod, make sure that the circuit breaker is in a safe
position before beginning transducer installation. A safe position exists
when an accidental circuit breaker operation draws the rod into the
circuit breaker. This is usually the closed position.

Dead Tank Circuit Breaker

Since test voltages are below 48V, it is important to provide good
connections between the Contact Monitoring cables and the bushings.

To install the transducer for a Dead Tank Circuit Breaker test:

1. Determine the location for the transducer on the appropriate tank and
remove the circuit breaker top cap.

Figure 4.1 shows a typical mounting of the Rotary/Linear Transducer.
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Figure 4.1 Rotary/Linear Transducer
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Dead Tank Circuit Breaker

WARNING

ZAN

2.

Install the mounting platform for the transducer.

This platform is the same as those used with mechanical timers and is
not supplied with the TDR9000. An optional General Purpose
Adapter (Doble P/N TR3177) is available. The transducer may also be
secured directly to the circuit breaker tank.

Insert the Transducer Connecting Rod into the threaded hole in the
circuit breaker operating (lift) rod.

A #10 (0.190)-32 UNF-2A thread is standard. Other thread sizes are
available from Doble.

The transducer rod should be installed and removed while the
mechanism is up. In this way, if the circuit breaker is activated
accidentally, the rod can only move down.

4. Mount the transducer on the tank.

All tests on a given circuit breaker can be performed with the
customary mounting on Tank 2. If possible, Doble recommends that
tests be performed with transducers mounted on Tanks 1 and 3, as
well.

Position the transducer on the mounting platform so the Connecting
Rod is centered in its pathway.

Verify that the Connecting Rod is clear of the mounting platform.

Rotate the transducer clamping knob until the small moving wheels
pinch the Connecting Rod against the bull wheel.

Secure the 6" x 10" transducer base plate to the mounting platform
using two or more C-clamps (See Figure 1.18 on page I-19).

Figure 4.2 shows the cable connections for the Dead Tank test.

4-12
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Contact 1 Contact 2 Common

Phase A Phase B
Y \ Contact 3 Breaker Control Circuit
1 Phase C in the Control Cabinet
External Ground —» % P e
Connection : -DC +DC
~ Close Trip ;
1 ﬂ [ _ 2CS —52CS
v u L CloseT ¢ TriQT T :
Make sure that Contact Monitor Cables
one sic_le of each Motion Transducer Cable
phase is
grounded.

Breaker (Trip/Close) Control Cable

2 AC Power
Safety Ground Supply Cable
Cable

Figure 4.2 Cable Interconnection Diagram — Dead Tank
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Live Tank Circuit Breaker

Live Tank Circuit Breaker

Since the test voltage for the Main Contacts is between 7.5 Vand 15V, it
is important to provide good connections between the Contact
Monitoring cables and the bushings. To relieve the clips of cable weight
and ensure better contact especially in windy conditions, wrap the

cables around the porcelain.

Measuring motion may be difficult for most live tank circuit breakers due
to the inaccessibility of the moving components.

Table 4.3 lists the circuit breaker adapters available.

Table 4.3 Circuit Breaker Adapters

Doble Circuit Breaker | Circuit Breaker Type

Adapter | Manufacturer

TR3172 | Westinghouse SFA

TR3173 | GE GE Metalclad Air Magnetic Circuit
Breakers (specify 13.8 or 4 kV)

TR3174 | GE GE Metalclad Air Magnetic Circuit
Breakers (above 2000 A)

TR3175 | Hitachi Independent Pole Operation (IPO)

TR3176 | Hitachi HVB, Ganged operating mechanism

TR3177 | N/A General Purpose Tank Adapter

TR3178 | Hitachi HVB-IPO Spacer

TR3179 | GE Metalclad VB-1 Vacuum Circuit
Breakers

TR3180 | ABB HPL Insulator Column

TR3181 | ABB HPL Mechanism Cabinet

TR3182 | GEC Alsthom HFG SF6

TR3183 | ABB Coupling 8mmINT x 0.38 Ig.

TR3184 | Westinghouse SF Mechanical Interface

TR3185 | N/A Universal Mechanical Transducer

Mounting

4-14
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In many cases the transducer cannot be attached directly to the moving
contact portion of a live tank circuit breaker mechanism. In such cases, it
should be attached to another part of the mechanism whose movement is
related to the one being measured through the Transfer Function. Often,
this mounting location is found near the semaphore, which indicates the
status of the circuit breaker. For a full discussion of the transducer’s
Transfer Function, see "Transfer Function” on page A-58. Configuration
of transducers is discussed in “Linear Transducer and Rotary
Attachments” on page 4-16.

Figure 4.3 shows the cable interconnections for the Live Tank test.

Module 1
Phase A

Contact2  Breaker Control Circuit

3
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Contact 1—

Make sure that : G -DC T+'DC .
one side of each - . Closgy rip ‘
phase is (e | 2CS] 1 52CS
grounded. | Closg[ C [Tri T
Contact Monitor . | T
Cable
Motion Transducer Cable ~

Breaker (Trip/Close) Control Cable

‘. : ‘ |

TDR9000
Safetyy 4 ————+ ACPower
Cable Ground Supply Cable

Figure 4.3 Cable Interconnection Diagram - Live Tank
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Linear Transducer and Rotary Attachments

This section discusses the configuration procedures for the TR3190
Digital Rotary/Linear Transducer and the TR3160 Motion Transducer.

Configuring the The TR3190 Digital Rotary/Linear Transducer is used to measure Rotary
TR3190™ or Linear motion. The setup for each measurement follows.
NoTE Early shipments of the TR3190 were marked externally as TR3160, but
' were labeled as model TR3160LR on the S/N label.
S Figure 4.4 shows the three components of the TR3190, which include:

e Transducer
¢ Chuck Holder Plate
e Rotary Chuck

The Chuck Holder Plate is mounted in different locations, depending on
whether a rotary or linear measurement is intended.

Transducer

Figure 4.4 TR3190™ (TR3160LR™) Transducer Components
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The Chuck Holder Plate is shipped in two different configurations, as
shown in Figure 4.5. This plate provides five different functions:

e When mounted in the ROTARY position

* It depresses a micro-switch that indicates to the TDR9000 that
a rotary measurement is being performed.

* |t covers the gate area, which serves as a reminder that it must
be moved to the LINEAR position prior to inserting the travel
rod to perform a linear measurement.

e [tincludes a metal sheath that covers the Rotary Shaft to ensure
that the threads do not come in contact with any foreign objects
that could cause thread damage during storage or operation.

* It has a cutout that is used as a wrench to hold the Rotary Shaft,
while the Rotary Chuck is loosened or tightened.

e |t provides a storage location for the Rotary Chuck when a linear
measurement is made.

Rotary Chuck in

Captive Storage Location
Screw,

AN

Rotary Chuck in
Captive Storage Location

Screws
Wrench
. N,
fO §_o O
Captive
S Chuck Key Screw
A/ Sheath Chuck Key

Version 1 Version 2

Figure 4.5 Chuck Holder Plate Configuration

Sheath
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Rotary Motion To configure for rotary motion:

1. Remove the Rotary Chuck from its storage location on the Chuck
Holder Plate by rotating it counterclockwise.

The Chuck Key can be inserted into the Rotary Chuck for added
torque.

2. Remove the Chuck Holder Plate from the Transducer by loosening
the two captive screws.

3. Position the wrench portion of the Chuck Holder Plate on the Rotary
Shaft (see Figure 4.6).

4. Thread the Rotary Chuck onto the Rotary Shaft and hand tighten,
using the Chuck Holder Plate to keep the Rotary Shaft from moving.

5. Insert the Chuck Key into the Rotary Chuck.

6. Hold the Chuck Holder Plate against the Transducer and use a light
object to tap the Chuck Key until it rotates the Rotary Chuck
clockwise, tightening the Rotary Chuck on the Rotary Shaft.

7. Remove the Chuck Key from the Rotary Chuck.

Version 1

Version 2

o a @

e —

Figure 4.6 Chuck Holder Plate Mounting to Tighten Rotary Chuck
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8. Remove the Chuck Holder Plate from the Rotary Shaft and use the
two captive screws to secure it in the ROTARY position on the
Transducer (Figure 4.7).

Configuration is complete.

® o IS ®
® @ . Version 1
® ®® o O ° @
] RN
® © S @
. Version 2

@1@0@0@63 ° @

[ ] [ |
Figure 4.7 Chuck Holder Plate mounted in ROTARY position
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Linear Motion

NoTE

To configure for linear motion:

1.

Remove the Chuck Holder Plate from the Transducer by loosening
the two captive screws.

If the Rotary Chuck is:

* Mounted to the Rotary Shaft, proceed to step 3
e Otherwise, proceed to step 6

Position the wrench portion of the Chuck Holder Plate on the Rotary
Shaft (see Figure 4.6 on page 4-18).

Rotate the Rotary Chuck counterclockwise and remove it from the
Rotary Shaft.

Utilize the Chuck Key, if necessary, as described in step 6 of the
previous procedure.

Store the Rotary Chuck on the Chuck Holder Plate as shown in
Figure 4.5 on page 4-17.

If the Rotary Chuck is mounted on the Rotary Shaft during a linear
measurement, the added mass of the chuck can induce internal slippage
to the transducer causing measurement error.

6. Mount the Chuck Holder Plate in the LINEAR position on the

Transducer (Figure 4.8) using the two captive screws to secure fit.

Configuration is complete.
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Configuring the
TR3160™

The TR3160 Motion Transducer is used to measure linear or, with the
optional TR3165 Rotary Adapter, rotary motion. The setup for both is
described below.

There are two configurations of the TR3160, which differ only in the
design of the Rotary Adapter mechanism.

e The TR3160 model has the Rotary Adapter shown in Figure 4.9
and is configured using the following procedures.
e The TR3160LR has the Chuck Holder Plate described in

”Configuring the TR3190™” on page 4-16 and is configured
using TR3190 procedures.

The TR3160LR configuration is also indicated in the serial
number on the side of the transducer.

TR3160
Transducer

/

TR3165
Rotary Motion Adapter

Figure 4.9 TR3160™" Transducer Components
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The Rotary Adapter, shown in Figure 4.10, provides two different
functions:

*  When mounted in the ROTARY position, the adapter toggles a
micro-switch that indicates to the Instrument that a rotary
measurement is being performed.

e When mounted in the ROTARY position, it covers the gate area,

which serves as a reminder that it must be removed prior to
inserting the travel rod to perform a linear measurement.

NoTE If the Rotary Chuck requires tightening, tighten while using the locking
| pin to hold the Rotary Shaft in place.
S To tighten the Rotary Chuck:

1. Press on the locking pin while rotating the Rotary Chuck. The locking
pin drops into a slot in the Rotary Shaft and holds the Rotary Shaft in
place.

2. Insert the Chuck Key into the Rotary Chuck and tap it with a light
object until the Rotary Chuck rotates clockwise.

Captive Screw

Captive Locking Pin

Screw

& o On

N A Captive
& Chuck Key Screw

Figure 4.10 Rotary Adapter
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Rotary Motion To configure for rotary motion:

1. Mount the Rotary Adapter onto the transducer by inserting the hex
shaft that extends from the back of the Rotary Chuck into the
hexagonal opening in the face of the transducer and align the three
captive screws (refer to Figure 4.11 on page 4-24).

2. Tighten the captive screws.

Configuration is complete.

® O ®\

> Captive

®
\
@@O® ©)

Figure 4.11 Rotary Adapter Mounted on Transducer

Captive ]
Screws

Linear Motion To configure for linear motion:

1. Remove the Rotary Adapter from the Transducer by loosening the
three captive screws.

2. Store the Rotary Adapter in the Cable Bag to avoid damage.

Configuration is complete.
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Configuring the TDR9000 "

With the field-side connections complete, the laptop running TRXField is
connected and the Virtual Front Panel is configured.

Once the TDR9000 is powered up and a Test Plan is selected or
configured, the Virtual Front Panel displays all the active channels
included in that Test Plan. Channels active in the Test Plan appear on the
Virtual Front Panel according to a color scheme that indicates their
readiness to start (refer to “Connector Indications” on page 3-9) and acts
as an aid to personnel in completing all required connections. Refer to
”Basic Virtual Front Panel Functionality” on page 3-5.

Each time a test is run, different values can be configured on different
modules. A general procedure for the tasks required to configure the
TDR9000 Virtual Front Panel follows. After each step, a cross reference
leads to the specific discussion of that topic. Once all required tasks from
this general procedure are complete, the test is run.

Configuring the TDR9000"": General Procedure

NoTE

To configure the TDR9000:

1. Connect the laptop to the serial port of the TDR9000, power up the
laptop and the TDR9000, and run the TRXField software.

If necessary, refer to ”“Connecting to the Laptop, Printer and Powering
Up” on page 4-27.

The TRXField software on the laptop determines what version of the
firmware is resident on the TDR900O0. If the versions do not match, a
dialog box appears asking for permission to download the laptop
version to the TDR9000 firmware. If permission is given, the process
takes approximately five minutes. A status bar appears on the laptop
to monitor download progress.

The download can be cancelled by clicking Cancel.

If the download is cancelled or not done, the TDR9000 becomes
inaccessible.

2. Connect the TDR9000 Physical Front Panel. Refer to page 4-30
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3. Import a Test Plan from TRX, by:

a. Using an existing Library Test Plan

b. Modifying a Library Test Plan to create a specific Circuit
Breaker Test Plan

c. Using an existing Circuit Breaker Test Plan as the basis for a
new test

d. Creating a new Test Plan, using the TRXField software default
values as a basis
Refer to "Connecting the TDR9000™ Physical Front Panel”
on page 4-30.
4. Configure the Virtual Front Panel.
If an item is not configurable via the Virtual Front Panel, return to the
Test Plan tab to access it. For example, Travel Specifications for the

Motion portion of the OCB/Motion module, is only configurable from
the Test Plan tab.

For any test, the configuration process can include:

e ”Configuring the OCB/Motion Module” on page 4-45
e “Configuring the EHV Module” on page 4-48

e “Configuring the Event Module” on page 4-51

e ”Configuring the System Module” on page 4-54

e ”Selecting a Test Type” on page 4-56
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Connecting to the Laptop, Printer and Powering Up

NoTE

The laptop, where the TRXField software resides, runs the Virtual Front
Panel of the TDR9000. The laptop is used to:

e Configure test values

e Select test types

* Run tests

e View and interpret Test Results

e Save Library Test Plans and Breaker Test Plans/Results for use by
the TRX program

e Print Test Results

Before configuring a Test Plan, the laptop and printer (if any printing will
be done) must be connected and powered up. During laptop power up,
the TRXField software alerts the user about conflicts between the
software version being run on the laptop and the firmware version on the
Instrument. If a conflict exists, the laptop, unless cancelled by the user,
downloads its version of the software to the TDR9000.

Before using the built-in printer, the printer driver must be installed on
the laptop’s hard drive. This is a one-time procedure in ”Loading the
Printer Driver” on page C-6.

The power supply for the optional printer has a narrower AC input
range than the TDR9000. If the available power does not meet printer
specifications, use the internal battery. Refer to the printer’s user
manual for further information.

To connect the laptop and printer:
1. Connect the laptop power cable.

2. Connect the RS-232 cable between an available COM port on the
laptop and the PC RS-232 9-Pin D connector on the System module
panel.
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3. Connect the printer parallel interface cable to the interface connector
and secure the catches, as shown in Figure 4.12.

Printer Interface
Connector

Printer Power
Source Connector

Figure 4.12 Printer Cable Installation

4. Connect the other side of the printer parallel interface cable to the
LPT1 port of the laptop.

5. Connect the power source for the printer.
There are two power sources provided with the printer:

e Rechargeable batte%/ (Instructions, for recharging the battery are
given in the Pentax™ Pocketlet I Printer User’s Guide)

e AC adapter with a standard U.S. cable, the connection for which
is shown in Figure 4.12

6. Turn the power switch ON.
Wait while Windows™ boots up.
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7. Double-click the TRXField icon shown below or select Start/Program
Files/Doble/TRX/TRXField.

TR=Field

The firmware polls the Instrument to detect the modules present and the
window shown in Figure 4.15 on page 4-40 appears. At this point a Test
Plan can be selected or configured. Information about TDR9000
configuration can also be viewed using the TDR9000 Help.
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Connecting the TDR9000™ Physical Front Panel

NOTE

M3

~ G 0

\
S— MOTION —

When performing connections, refer to Figure 4.13 on page 4-30.

Not all connections are required for all tests.
For First Trip/Close tests wiring connections, refer to ”Configuring
Analog/Auxiliary Channels for First Trip/Close Tests” on page 4-4.

| ® ®

=]

®

\ suxiviany
CONTACT

Figure 4.13 TDR9000™ Physical Front Panel Connections

For definitions of the connections, refer to Table 3.1 on page 3-3.
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To connect the TDR9000:

WARNING When performing connections, always make sure that appropriate

followed. Complete the connection to the TDR9000 Physical Front

Q service disconnects are secured and that all safety procedures are

Panel first. Connecting cables from a grounded instrument reduces
problems associated with arcing.

1.

Remove the front protective cover and store it in a safe place for
reuse.

If the printer option is available, locate the cover/printer assembly
near the laptop.

Plug the ground cable into the system ground receptacle and ground
the other end, assuring a secure and reliable connection.

See H in Figure 4.13 on page 4-30.

Plug the Safety Switch cable into the SAFETY receptacle of the System
module. If using an external trigger, use the Safety Bypass flag. See N
in Figure 4.13.

Ensure that the line voltage is correct (100 - 240 VAC, 50 or
60 cycles).

Connect the male end (pin contacts) of the Motion Transducer
cable to one of the three MOTION connectors on the TDR9000
OCB/Motion module (or one of the six, if six channels are available).

See B in Figure 4.13.

Connect the female end of the Motion Transducer cable
(socket contacts) to the transducer.

Repeat steps 5 and 6 for as many transducers required.

8. Connect one side of the Breaker Control cable to the TRIP/CLOSE

connector on the TDR9000 System module, then connect the other
end of the Breaker Control cable to the circuit breaker.

See I in Figure 4.13.
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9. Connect the:

a. Trip leads across the terminals of the manual Trip switch on
the circuit breaker control panel.

b. Close leads across the terminals of the manual Close switch
on the circuit breaker control panel (local connection
schemes may vary).

If the manual trip switch connections are inaccessible:

e connect between the +DC voltage supply of the terminal strip
to the input side of the trip coil.

This configuration also serves for close coil operations.
Either method, across the switch or using the coils makes
the TDR900O a series switch that applies +DC voltage to the
appropriate coil for operation.

10. Taking appropriate safety precautions, use the attachment accessories
provided to connect an:

e OCB Contact Monitor cable to the OCB connector on the
TDR9000 OCB/Motion module and then to the appropriate
circuit breaker bushings.

See A in Figure 4.13 on page 4-30. Connect alligator clip leads as
labeled, A,B,C Common or 1,2,3 Common.

or

e EHV Contact Monitor cables to the EHV connectors on the
TDR9000 EHV module and then to the appropriate circuit
breaker bushings.

See C in Figure 4.13 on page 4-30. Connect alligator clip leads as
labeled PH A, Contact 1,2, Common, etc.

Analog and Setup issues for the Event module include:
Auxiliary Setup e Monitoring Auxiliary Channels
* Monitoring Analog Channels: Current and Voltage
Monitoring The TDR9000 Auxiliary Contact channels support inputs from external
Auxiliary devices. Auxiliary Contacts can be wetted with voltages from 48 to 300 V
Channels peak. Configuration is performed using the Auxiliary Contact Connector

or the Auxiliary Contacts dialog box of the Virtual Front Panel. Refer to
”Configuring the Event Module” on page 4-51.
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NOTE

NoTE

Monitoring
Analog
Channels:
Current and
Voltage

Voltage Monitor

NOTE

NoTE

It is possible to factory order an Event module configured for use with
24 V station batteries.

To connect an Auxiliary Contact:

1. Attach one end of the Doble supplied Auxiliary Contact cable to a
pair of Auxiliary Contact channel banana jacks (F on Figure 4.13 on
page 4-30).

The Auxiliary Contact measurement channels are not polarity sensitive.

2. Taking appropriate safety precautions, use the attachment accessories
provided to attach the other end of the cable across the device to be
monitored, either directly across the device or at the terminal block.

The TDR9000 monitors both current and voltage using the Analog
Channel connectors of the Event module. The Event module analog
channels are used to accept:

e Voltage input (up to 300 V peak)

e Current probe input

e Current shunt input

The Analog Channels accept voltage inputs up to 300 V peak.
Configuration is performed using the Analog Channel Connector or the
Analog Channels dialog box of the Virtual Front Panel. Refer to
”Configuring the Event Module” on page 4-51.

The Analog cable is not symmetrical. The Instrument end has a shield
connector; the other end does not.

To connect a voltage input:

1. Attach the Instrument end of the Doble supplied Analog cable to a
pair of Analog Channel banana jacks.

D on Figure 4.13 on page 4-30.

Analog measurement channels are polarity sensitive.

2. Make sure to attach the shield (green/yellow) banana plug to the
chassis ground (green/yellow) banana jack on the Event module.

Multiple shields can be stacked (see Figure 4.13 on page 4-30).

3. Taking appropriate safety precautions, use the attachment accessories
provided to attach the other end of the cable across the device to be
monitored, either directly across the device or at the terminal block.

Generally, voltage measurements are made from the high side of the
load to the neutral rail.
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Current Probes

Current probe inputs can be configured for 20 A or 200 A. Configuration
is performed using the Analog Channel Connector or the Analog
Channels dialog box of the Virtual Front Panel.

Two types of probes are currently in service for use with the TDR9000:

* An older probe version with an adjustable wheel used for zeroing
* A newer self-zeroing version with a zeroing button on the probe

To maximize performance, either probe should be re-zeroed
immediately before performing any critical measurements. The TDR9000
does not allow a test to run using an unzeroed probe.

Adjustable Wheel Probe

The probe must be re-zeroed whenever a new Test Plan is loaded or a
channel is reactivated using the clamp-on current probe’s built-in offset
adjustment. When zeroing a probe, the PC running the Virtual Front
Panel might not be visible, therefore, the TDR9000 Instrument creates a
modulated beep which aids in properly zeroing the probe. When the
probe is at zero for two seconds, it is considered to be zeroed. The
Instrument emits a steady tone as confirmation.

To zero probe:
1. To connect and zero the current probe:

a. Taking appropriate safety precautions, plug the Instrument
end of the probe cable into the desired Analog Channel
Connector.

The Analog channel inputs are polarity sensitive.

Make sure to attach the shield (green/yellow) banana plug to
the chassis ground (green/yellow) banana jack on the Event
module.

b. Set the probe range switch to the low range (10 A or 20 A)
position.

Zeroing the probe with the switch on the high range may yield
inaccurate results. For best results, start the process with the
thumbwheel rotated all the way in one direction.

c. Plug the free end of the Analog cable into the current probe.

This requires adapters that are supplied with the Analog
cables.

d. Turn the probe ON and latch the Trigger into the ON position.
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NoOTE Make sure that the probe is not attached to, or placed near,
' current-carrying wires during the zeroing process.
S e. Click the Probe Zero button on the Virtual Front Panel.

The following message displays on the Virtual Front Panel:

Adjust probe until tone becomes constant. The process ends
automatically when the probe is correctly adjusted for
2 seconds.

f.  Slowly adjust the thumbwheel on the top of the probe until
the modulated tone remains constant for two seconds.

When the probe reaches zero offset, the tone becomes steady.
If zero offset is maintained for two seconds, the tone stops and
the channel indicator turns green (Figure 4.14).

Analog 5

EK— Probe Zero
Indicator
42

o 543 o

Figure 4.14 Probe Zero Indicator

g. Repeat this procedure for any additional probes.

NoTE If no activity is detected on the channel within 30 seconds, an error
' message appears on the Virtual Front Panel. If the process fails, the
H Probe Zero button remains red and the following error message

appears: Process incomplete, Probe not zeroed. Pressing OK removes
the error message, leaving the Probe Zero button red.

2. Leave the probe on with the trigger locked in the ON position. Place
the range switch on the probe in the desired position.

NoOTE Be careful not to disturb the thumbwheel.
| 3. Securely clamp the probe around the wire that carries the current to
S be monitored.
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Self-Zeroing Probe

The probe must be re-zeroed whenever a new Test Plan is loaded or a
channel is reactivated.

NoTE To conserve battery power, Doble’s MR 20 A/200 A/ 2 V Autozero
i probe powers down after ten minutes. To disable this feature, when
H turning the probe on, press the Zero button. The green LED flashes

several times to indicate the battery saver feature is disabled.

To zero the probe:

1. Connect and zero the current probe by:

a. Taking appropriate safety precautions, plug the Instrument

end of the probe cable into the desired Analog Channel
Connector.

The Analog channel inputs are polarity sensitive.

Make sure to attach the shield (green/yellow) banana plug to
the chassis ground (green/yellow) banana jack on the Event
module.

b. Plug the free end of the Analog cable into the current probe.
c. Click the Probe Zero button on the Virtual Front Panel.

The following message displays on the Virtual Front Panel:

Adjust probe until tone becomes constant. The process will
end automatically when the probe is correctly adjusted for
2 seconds.

d. Turn the probe on by setting the selector switch to the desired
range.
NoTE Make sure that the probe is not attached to, or placed near,
| current-carrying wires during the zeroing process.
S e. Press the Probe Zero button on the probe.
When the probe reaches zero offset, the tone becomes steady.
If zero offset is maintained for two seconds, the tone stops and
the channel indicator turns green.
f.  Repeat this procedure for any additional probes.
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NoTE If no activity is detected on the channel within 30 seconds, an error
' message appears on the Virtual Front Panel. If the process fails, the
H Probe Zero button remains red and the following error message

appears: Process incomplete, Probe not zeroed. Pressing OK removes
the error message, leaving the Probe Zero button red.

2. Leave the probe on and securely clamp the probe around the wire
that carries the current to be monitored.

Current Shunt  Current shunt configuration is performed using the Analog Channel
Connector or the Analog Channels dialog box of the Virtual Front Panel.
Refer to “Analog Channels” on page 4-51.
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System Module
Trigger In/Out
Setup

NoTE

WARNING

N

To set up a current shunt:

1.

Connect the Instrument end of the Doble supplied Analog cable to a
pair of Analog channel banana jacks.

The Analog Channel inputs are polarity sensitive.

Make sure to attach the shield (green/yellow) banana plug to the
chassis ground (green/yellow) banana jack on the Event module.

Multiple shields can be stacked (see Figure 4.13 on page 4-30).

Taking appropriate safety precautions, use the attachment accessories
provided to attach the other end of the cable across the device to be
monitored, either directly across the device or at the terminal block.

For best results, Doble recommends that the shunt be installed on the
low or neutral side of the circuit through which the test current flows.

The Trigger In and Trigger Out connections on the System module are
connected as follows:

1.

Attach one end of the Doble supplied Auxiliary Contact cable to a
pair of Trigger In or Trigger Out channel banana jacks (K on
Figure 4.13 on page 4-30).

Taking appropriate safety precautions, use the attachment accessories
provided to attach the other end of the cable across the device to be
monitored, either directly across the device or at the terminal block.

Trigger Out performs no monitoring on the device described in step 2.

The System module Trigger In channel is the only TDR9000 channel
rated to 600 V peak. When connecting this channel use appropriately
rated test leads.
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Configuring Test Plans

There are two types of Test Plans:

e Library Test Plan
e Breaker Test Plan

A Library Test Plan contains the information required to run a general test
on a breaker type. This plan is flexible, in that none of the nameplate
information stored in this format is specific to a particular circuit breaker.
The Library Test Plan can be used repeatedly as a basis for configuring
multiple tests with the same basic test configuration, and on circuit
breakers of the same type.

A Breaker Test Plan is created when any circuit breaker-specific
information is entered in the nameplate on the Test Plan tab. Once such
information is entered, the title on top of the Test Plan tab changes from
Library Test Plan to Breaker Test Plan. This occurs by entering
information into any of the following fields:

Manufacturer

Serial Number

Location

Special ID

Both Test Plan types minimize the time required to configure tests as they

store common circuit breaker testing information and test parameters.
ltems that can comprise a Test Plan include:

e Circuit breaker ID, such as type, serial number and manufacturer
* Range selection for Trip/Close currents

e Circuit breaker specifications and measurement zones, as
specified by the manufacturer

e Units of measurement (seconds or cycles, English or Metric)
e Transfer function for motion measurements

e Channel activation

e Performance specifications

NoTE The TDR9000 can be used in either the 50 or 60 Hz environment. This
| selection is made using the TRX Options window accessed from the
: TRXField View pulldown menu. For a complete description of this

window, refer to page A-31.

The TRXField software opens with the TRXField for TR3000 and
TDR9000 dialog box open (Figure 4.15).
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EhUntitled - TrxField

Eile ¥iew Help
D|| || &2 %] =

TestFlan
Default Report

TrxField for TR3000 and TDRI000 [x]

Welcome to Doble Engineering Company's TrxField
program for use with TR3000 and TDRA000 Circuit
Breaker Testers

Open an
existing Create a new
Breaker Breaker
Test Resultar TestPlan
TestPlan

Figure 4.15 TRXField™ Test Plan Choice Window

The TRXField for TR3000 and TDR9000 dialog box open shown in
Figure 4.15 is for choosing between manually entering a Test Plan or
choosing an existing plan.

One of the following buttons is selected:

[E— Opens the Open window (Figure 4.16 on

|oxstng, page 4-41) where an existing Test Plan is selected.
TestResutor Each active channel is populated with its test
plan-dictated value. In the field this Test Plan must

be supplied via floppy disk or be resident on the
hard drive.

e The Test Plan can be used as is.
Proceed to “Running Tests” on page 4-75.

or

e The Test Plan can be modified.
Proceed to "Setting Up a Test Plan Manually
with TRXField™” on page 4-43.
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[2] TpOD01 pin

[2) Tpon0z.pin

[3] TpOD03 pin
[2] TpOD04.pin

[2) TpOn0S.pin Information Required for Librar:

d | Manufacturer =
Model Number Example32=

File name: |TpEIEIEI4 pin Open | Wersion Description Example32 =
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Files of type: |AII TR3000 ancl Tdr3000 files ("da(;“p\n,‘wdr,*.(d;:j Cancel

Figure 4.16 Open

Creates a new, blank Test Plan once the Model

Cizsio sz Number field is filled in and the TDR9000 tab
TestPlan becomes accessible containing the Virtual Front

Panel. If this option is selected, the modules and
channels detected are added to the Virtual Front
Panel with default values in place. It is then
necessary to configure each channel’s
specifications to meet test needs.

The Open window (Figure 4.16) contains a preview area for viewing and
selecting Test Plans. Its scrolling horizontal and vertical positions allow
the user to view the full contents of the Test Plan.
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Power-Up The TDR9000 performs power up diagnostics. If an error is detected,
Diagnostics and a dialog box containing diagnostic results is displayed, as shown in
Channel Activation  Figure 4.17. The results contained in this dialog box are useful for
Checks troubleshooting. If there is a problem, save the dialog box results to

a text file using the Save As button for Doble Customer Service
(email: customerservice@doble.com).

TODRI000 Power-On Self Test Results

Fower-On Self Test Results

Slat Fart Number Serial Murnber Condition ;I
4 045-0654-01 Rev. 1.1 50335111 Fail
- Calibration data Missing

Figure 4.17 Power-Up Diagnostics

If the TRXField software detects that a channel designated for use is not
supported or that a Test Plan field is configured in a way that causes
conflicts with other configured items, a dialog window appears

(Figure 4.18).

TDR000 Channel Activation Cross Check

The test plan uses channels that are not availible to the connected TORA000. Verify channel
activation.

Auxiliarny channel(s) for Event module 1 are active in the test plan, butthe TDRS000 has an =l
BLANK module in panel location 1. Please deactive auxiliary channel(s) in 1 module

Savve As |
Figure 4.18 Channel Activation Check

Use the Save As button to save the results to a text file and then click OK.

NoOTE Using the Save As button does not solve the problem. The problem must
' be resolved on the Test Plan, TDR9000 tab or in the equipment test
: setup. If the problem is not resolved, Test Results may be affected, or

the test may not be allowed.
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Setting Up a Test
Plan Manually with
TRXField™

NoTE

NOTE

Once the choice to manually create a Test Plan is made, the New Test
Plan - TRXField window (Figure 4.19) appears (Only the top portion of
this window is shown). All the data fields required to create a Test Plan
appear on this Test Plan editor tab. Explanations of all these fields are
given in Appendix A “TRXField™ Software and Circuit Breaker Testing
Theory”.

Figure 4.19 is primarily meant to show the two tabs that appear at this
time on TRXField: Test Plan and TDR9000.

The Test Plan tab is the default tab. It is not possible to move to any
other tab until the Model Number is entered.

EMudel Humber A tdl - TrxField BEE
File View Help

MEEEIEREE]

Test Plan | TDR3000
Model Number A

3 i

Library Test Plan

Required Information
Information Required for Breaker Plans

Information Fequired for Library Plans

Marufacturer Location
Iodel Murmber Iodel Mumber & Special 1d
Wersion Description Serial Mumnber

Optional Information

Inst. Book MNumber Operator
Mech. Mumber Circuit
Mech. Book Mumber Uszer 1
Operation Counter User 2

Comnmmand Parameters

Trip Current Range 100.0 Af Cloge Current Range 20.0 Al Timing Measurement: Seconds
0-C-0 Parameters

Trip Parameters Trip-Free Parameters

Trip Pulse 200.0 ms| Close Pulse 200.0 ms|0-C-0 Drelay
Trip Free Standing Trip Pulze 200.0 ms|
Clase Pulse 200.0 ms
Delay | Length 200.0 ms| T
Delay 2 Length 400.0 ms| =
For Help, press F1 | [HUM |

Figure 4.19 TRXField™ Library Test Plan

The Test Plan and TDR9000 tabs are used to configure Test Plans. Since
Appendix A "TRXField™ Software and Circuit Breaker Testing Theory”
explains the use of the fields on the Test Plan tab, the discussions in this
chapter focus only on the use of the TDR9000 tab Virtual Front Panel to
create or modify Test Plans. All changes implemented on the Virtual
Front Panel are reflected on the Test Plan tab.

Not all parameters available on the Test Plan tab are available on the
TDR9000 tab.
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Figure 4.20 shows a Virtual Front Panel that has an OCB, three Motion
channels, two EHV modules (each module has two breaks/phase and
three phases), six Analog and six Auxiliary channels, Trip/Close, and
Trigger options.

&5 New Test Plan - TreField

Eile View Help
|5|w|a| S(e)e| =

TestPlan TORS000 |
oes TRV 172 BTV 974 neiag & Aneog & ToROI00 | [Trip (0) B
@ @ @ °4'.i\‘| o °5-AI o 'zgdgum Fun Trip Test |
CONTACTT ==t AEFV3 Lyl Trip Parameters |
ggﬁ AEHVZ AEHV4 o‘h‘zo omo
TRAVEL |
- )| ©)|°°29.°% 6
T
- ﬁm; g—ém: Trgger Out
TRAVEL 3
0 0|00
) |0 0|0 O
@ L\@ +C2 5C2 e alid
| W @(@
©o0l0o0
i
Cumet
hation EHV 172 Efiv3/4 Lundliary 4 Audliary 5 System o
For Help, press F1 I TINUM

Figure 4.20 Example Virtual Front Panel
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Configuring the Figure 4.21 shows the OCB Contacts window. The OCB portion of this
OCB/Motion module uses one window to configure all three contacts. To access this
Module window:

e Click the OCB connector or OCB label, for example,
CONTACT1, as shown in Figure 4.20.

OCB Contacts [ %]
Activate Al | Deactivate Al |
Label Phase

— Contact 1

M Inuse  [CONTACTT - [a =l

— Contact 2

I lnuss  [CONTACTZ | [B =l

— Contact 3

R lnuss  [CONTACTZ - |C =l
Trip Resigtor Range Cloze Resistor Range
ISDD-?DDD Dhn'l 0

(] 8 I Cancel |

Figure 4.21 OCB Contacts

The following items are configurable:

In use A checkbox that activates or deactivates the
associated channel.

Label A user-entered field for entering the Contact Name
associated with the channel.

Phase A scrollable picklist for selecting the phase
associated with the channel.

Trip Resistor Range
A scrollable picklist for selecting the Trip Resistor

configuration. If the resistor is not present, None
should be selected.

The choices are:

¢ None (default)
e 10 -400 Ohms
e 300 -7000 Ohms
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Close Resistor Range

A scrollable picklist for selecting the Close Resistor
configuration. If the resistor is not present, None
should be selected.

The choices are:

¢ None (default)
e 10 -400 Ohms
e 300 - 7000 Ohms

Activate Al Activates all In use checkboxes.

Deactivate Al Deactivates all In use checkboxes.

Figure 4.22 and Figure 4.23 on page 4-48 show the Motion Channels
and Motion Connector windows, respectively.

The Motion Channels window configures items specific to individual
channels, as well as items applicable to overall motion interpretation.

To access this window:

¢ Click the Motion label on the bottom of the virtual module, as
shown in Figure 4.20 on page 4-44.

Figure 4.22 shows three Motion Channels. Since motion channels are
configured in groups of three, this window displays either three channels
or six channels.

Motion Channels [x]
| Mation Channels 1
TrevelLabel  VelocityLabel  Fhase Transducer Type
I nuse ITRA\/EU IVEL 1 [ =] [Potary =l
™ Inuse ITRA\/ELE I\/EL 2 e v| TransducerUnits
English -
Clnuse  [TRAVELS | [VEL3 [c R
Transfer Function
,1— inches travel atthe contacts is l1— degrees ravel atthe transducer,
: 0K I Cancel |
~Mation Channels 4
TrevelLabel  VelocityLabel  Fhase Transducer Type
I Inuse |TRA\/EL4 IVEL 4 [ =] Jtinear =l
™ Inuse ITRA\/ELE I\/EL 5 e v| TransducerUnits

I Inuse ITF\A\/ELE I\/EL 3 Jc

Transter Function

1 inches travel atthe contacts is |1 inches ravel atthe ransducar,

Figure 4.22 Motion Channels — Collective
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Items that Effect ~ The following items are configurable.
Individual Motion

h | In use A checkbox that activates or deactivates the
annets associated channel.
Travel Label A field for entering the travel name associated with
the channel.
Velocity Label A field for entering the velocity name associated

with the channel.

Phase A scrollable picklist for selecting the phase
associated with the channel.

Items that Effect ~ The motion channels are split into two groups:

Overall MOH,O” ¢ Motion Channels 1-3
Channel Behavior .
¢ Motion Channels 4-6

The selections described below apply to these groups.

Transducer Type A picklist for choosing the transducer type:

* Linear
* Rotary
NoTE Selecting Rotary changes the Transfer Function field to reflect degree
| measurement.
S Transducer Unit A picklist for choosing the transducer unit of
measurement:
e English
* Metric

e Degrees (dictated by Transducer Type)

Transfer Function ~ Two user-entered fields for entering the data used
to translate the travel of the contacts into a useful
indication of transducer travel. For an in depth
explanation of this topic, refer to “Transfer
Function” on page A-58.

A Motion Connector window is available for each configured motion
channel. This window configures only items specific to an individual
motion channel.
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Configuring the
EHV Module

To access this window:

e Click any motion connector or motion channel label, for
example, TRAVEL1, as shown in Figure 4.22 on page 4-46.

The window shown in Figure 4.23 appears.

Motion Connector 1 | ]
Trawel Label Yelocity Label Fhase
I Inuse ITRAVEL1 IVEL_1 [ =]

Figure 4.23 Motion Connector - Individual

The following items are configurable:

In use A checkbox that activates or deactivates the
associated channel.

Travel Label A field for entering the travel name associated with
the channel.

Velocity Label A field for entering the velocity name associated

with the channel.

Phase A scrollable picklist for selecting the phase
associated with the channel.

Figure 4.24 and Figure 4.25 on page 4-51 show the EHV and the EHV
Connector windows, respectively.

The EHV window configures items specific to individual channels, as
well as items applicable to overall module interpretation.

To access this window:

e Click the EHV label on the top or bottom of the virtual module, as
shown in Figure 4.20 on page 4-44.

Figure 4.24 on page 4-49 shows three connectors with two contact
measurement channels each. EHV channels are generally activated by
breaker head or tank, or by module (three tanks, one each for phases A,
B, and C). As additional breaker modules are added, additional EHV
modules are activated. This group activation allows for easy activation of
the additional channels from the virtual interface.
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EHV 1/2
AdivatAl | Deacivate Al |
—Connector] ——————————————
Trip Resistar R
—Contact 1 —Contact 2 L9 HESE AT
I Inuse Elmuse 200-500 Ohms =

I~ Capacitance I=| Cappniianee
PA-EHY 1 JA-EHY 2 Close Resistor Range

200-500 Ohms =

—Connector 2

—Contact 1 —Contact 2
:: Iguse . F Iguse _ Capacitar Range
apacitance BHHECIEEE
P i 75-2500pF  x
B-EHV 1 B-EHV 2
—Connector 3
—Contact 1 —Contact 2
¥ Inuse ¥ luze
¥ Capacitance ¥ | Capanitence Cancel
[eERv [cERveE

Figure 4.24 EHV - Collective

The following items are configurable.
ltems that effect individual EHV channels:

In use Two checkboxes per connector, one for each
contact. If Split mode is not selected, activating
the Contact 1 checkbox implicitly activates the
Contact 2 checkbox.

Refer to “Main Contact Configuration — EHV/SPLIT
Contact Channel Activation” on page A-64 for a
description.

Capacitance Two checkboxes per connector, one for each
contact, to activate the TDR9000 for a capacitance
test. If Split mode is not selected, activating the
Contact 1 checkbox implicitly activates the
Contact 2 checkbox.

Refer to “Main Contact Configuration — EHV/SPLIT
Contact Channel Activation” on page A-64 for a
description.

Label Two fields, one per connector contact, where a
label associated with the contact is entered. This
field is not editable.
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Items that Affect
Overall EHV

Channel Behavior

NoTE

The values specified for the following areas apply to all EHV channels of
that module. The Trip and Close resistor ranges always appear, and must
be set correctly, even if the resistor value measurement option is not
present.

An incorrect resistor range setting can result in an incorrect Wipe
calculation. The Average Velocity values may also be incorrect if
Contact Open or Contact Close was used to specify the velocity
measurement zone.

Setting the Trip Resistor Range or Close Resistor Range on any EHV
module sets the range for all EHV modules in that TDR9000.

If there is no pre-insertion resistor in parallel with the contact, the default
resistor range None is used. If the value of the resistor overlaps both
ranges, either range can be selected.

Trip Resistor Range A scrollable picklist for selecting the Trip resistor
configuration. If the resistor is not present, None
should be selected. Choices include:

* None
e 10-300 Ohms
e 200 - 500 Ohms

Close Resistor Range A scrollable picklist for selecting the Close resistor
configuration. If the resistor is not present, None
should be selected. Choices include:
¢ None
e 10 - 300 Ohms
e 200 - 500 Ohms

Capacitor Range A scrollable picklist for selecting the Capacitor
configuration. Choices include:

e 75-2,5000 pF
e 300- 10,000 pF

Activate Al | Activates all In use checkboxes.

Dleachivate 'i.,'"| Deactivates all In use checkboxes.
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Configuring the
Event Module

Analog Channels

Figure 4.25 shows the EHV Connector window. To access this window:

e Click any EHV connector or channel label (for example,
A-EHV 1), as shown in Figure 4.20 on page 4-44.

There is an EHV Connector window for each configured EHV
channel. This window configures only items specific to an individual
EHV channel.

EHY 1/2 Connector 1

Contact 1 r Contact 2
F inuse s L
W | Capacitance | (W Capacitance:
| T [BEHV 2 _ Corcel |

Figure 4.25 EHV Connector — Individual

The configurable items are the same as explained for individual EHV
channels, above.

The Event module is comprised of six sets of virtual connectors:

e Three analog measurement connectors that are independently
configured for either currents or voltages
e Three auxiliary contact connectors
Figure 4.26 and Figure 4.27 on page 4-52 show the Analog Channels
and the Analog Channel Connector windows, respectively.

The Analog Channels window configures all three channels using one
window.

To access this window:

e Click the Analog label on the top of the virtual module, as shown
in Figure 4.20 on page 4-44.

The window shown in Figure 4.26 appears.

Analog Channels
Label Fhase Fiange

e [141 [a =l [ourertshunzy =]

Clinuse — [142 [a =] [curertshunzy =]

Clinus 143 |4 | Jcument Shunt 2v =l
Cancel |

Figure 4.26 Analog Channels — Collective
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The following items are configurable:

In use A checkbox that activates or deactivates the
associated channel.

Label A field for entering the name associated with that
channel.

Range A scrollable picklist for selecting the voltage range,
current probe range or current shunt range. The
choices are:

o 2V

e 2V

e 10V
e 300V

e 20 A Current Probe

e 200 A Current Probe

e Current Shunt 200 mV
e Current Shunt 2 V

e Current Shunt 10 V

Phase A scrollable picklist for selecting the phase
associated with the channel.

An Analog Channel Connector window is available for each available
analog channel.

To access this window:

e Click any Analog connector or channel label, for example, 4-A1,
as shown in Figure 4.20 on page 4-44.

The window shown in Figure 4.27 appears.

Figure 4.27 Analog Channel Connector - Individual

The configurable items are identical to those explained above.
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Auxiliary — Figure 4.28 and Figure 4.29 show the Auxiliary Contacts and the
Channels  Auxiliary Contact Connector windows, respectively.

The Auxiliary Contacts window configures all three channels using one
window.

To access this window:

e Click the Auxiliary label on the bottom of the virtual module, as
shown in Figure 4.20 on page 4-44.

The window shown in Figure 4.28 appears.

Label Phase

17 T Y PR
[ nuse [4C2 # =]
[ inuse [4L3 A vI

Cancel |

Figure 4.28 Auxiliary Channels — Collective

The following items are configurable:

In use A checkbox that activates or deactivates the
associated channel.

Label A field for entering the name associated with that
channel.

Phase A scrollable picklist for selecting the phase

associated with the channel.

An Auxiliary Contact Connector window is available for each available
analog channel.

To access this window:

e Click any Auxiliary connector or channel label, for example,
4-C1, as shown in Figure 4.20 on page 4-44.

The window shown in Figure 4.29 appears.

Label

T
Cancel |

Figure 4.29 Auxiliary Contact Connector — Individual

The configurable items are identical to those in ”Auxiliary Channels”.
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Configuring the The System module is comprised of the following connections:

System Module  Safety cable

e Serial communications port
e Trip/Close control (an option)
e System Triggers (options configured through the individual test
Parameters window or through the appropriate trigger connector)
The configuration of each is discussed in the sections that follow.

Serial ~ The communications port for the serial communications is configured
Communications  using the picklist to the right of the port icon on the Virtual Front Panel,
as shown in Figure 4.30.

I

TODRI000
[TORI000
detected on
|COM1 'I

Figure 4.30 Com Port

The following items are configurable:

Port Picklist A scrollable picklist for selecting the
communications port in use by the laptop. Choices
include all available communications ports. For
example:

e COMT
e COM2
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Trip/Close  The Trip/Close module has configuration options only when the
Module  Trip/Close Current option is being used. The virtual System module
appears as shown in Figure 4.31 when this option is present.

TODRA0O0

DR3000
detected on

COMI K

Trigger In

Trigger Out

Trip
Safety Close

T/C Current
T Al Indicator

Systerm

Figure 4.31 Trip/Close with Trip/Close Current Option

Click the virtual Trip Close connector shown in Figure 4.31 to access
the T/C Current Selection window shown in Figure 4.32. This window
configures the current range expected on the Trip or Close control circuit.
For instance, when 100 Amps is selected in the Trip Current field, the
system reads the circuit’s shunt voltage, and converts it into a current
reading, in the range of £ 100 A.

T/C Cumrent Selection |
Trip Current T
1004 - ancel |
Cloze Current
204, 7

Figure 4.32 T/C Current Selection
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NOTE

Selecting a Test
Type

The following items are configurable:

Trip Current A scrollable picklist for selecting the Trip circuit

range. Choices include:
e 100A

e 20A

e 5A

e 2A

A scrollable picklist for selecting Close circuit
range. Choices include:

Close Current

e 20A
e 5A
e 1A
e 0.2A

To maximize the resolution for all range selections, use the lowest
practical range for the expected measurement.

On the right side of the Virtual Front Panel is a scrollable picklist, as
shown in Figure 4.33.

Trip (0) -
Trip (O N

ReClose (0-C)
TripFree [C-O)
0-C-0

First Trip (Q)

First Close (C)
Slow Close [(C)
Continuity -

Figure 4.33 Test Selection Picklist
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This picklist is used to select the test type. Test types include:

e Trip (O)

e Close (C)

¢ Reclose (O-C)
e Trip Free (C-O)
e OCO

 First Trip (O)

¢ First Close (C)
¢ Slow Close (C)
e Continuity

e Capacitance

e Self-Diagnostics

Once a test type (XXX) is selected, two operational buttons appear on the
Virtual Front Panel: Run XXX Test and XXX Parameters as shown in

Figure 4.34.

Wv

Run Trip Test

Trip Parameters

Figure 4.34 Run Test and Parameters Buttons
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Clicking these buttons:

Displays the first window of the testing sequence.
R e Refer to “Running Tests” on page 4-75.

Displays a window, comprised of three tabs, where
UIpIFERIEED the command parameters, including the triggers,
for that test type are configured or reconfigured
from an original Library Test Plan or Breaker Test
Plan. A complete description of command
parameters is given in “TDR9000™ TRXField™
Software and Test Plan Dynamics” on page A-28.

These three tabs include:
e XXX Parameters (XXX is the test being run) —
Refer to "Parameters Tab”.

e Trigger Input — Refer to page 4-64.

e Trigger Output — Refer to page 4-66.
The Trip Parameters window (Figure 4.37) is used to explain
functionality. The Trigger Input and Trigger Output windows are the same
regardless of test type. Additional parameters for the Close test are listed

in Table 4.4 on page 4-61. Table 4.5 on page 4-62 lists the general
command parameters from the XXX Parameters tab that are available by

test type.
Configuring the Configuring the command parameters for a test depends on the test type.
Command The Command Parameters window can be accessed in one of two ways:
Parameters e Click the XXX Parameters button.

or

e Click either the Trigger In or Trigger Out System module Virtual
Front Panel connectors, as shown in Figure 4.35.

Trigaer In

6o

Figure 4.35 Virtual Front Panel Trigger Connectors
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Parameters Tab  Figure 4.37 shows the Parameters tab followed by discussions of its

components.
NoOTE If the combination of values entered in these fields is operationally
' invalid, when the OK button is clicked a Test Parameters dialog box
H appears describing the conflict (Figure 4.36). Action must be taken to

resolve the conflict before proceeding.

Test Parameters Error [ <]

& Irvealid trip command signal length, W alue must range from 8.0 ms to recording length.

Figure 4.36 Test Parameters Error

Command Parameters [ ]

Trip Parameters |Trigger|nput| TriggerOutputl

8/27101 14:10 - B~ K

On-

A
A

O

Ttip Command

On- =

H
O B

I Clolse Comlmand

i)

|
(=) i 300 600 300 1200 1500 < C
J —_—> Fecording Length |1BDD s ,l at 10 kHz
—Time Display

D—F Cycles &

Delay Type
ms
| L I
Timing Ewvent

I l Trip Command I 56.54 E
H Timing Trigger Close Comrmand I < F
Delay 1 I —

[

Timing Channel

f l Delay 2 | <4+
oK I Cancel | Al |

Figure 4.37 Trip Parameters
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NOTE

For the Slow Close test the following parameters are available:
Recording Length, Time Display, and Timing Events as listed in

Table 4.4.

The Trip parameters identified in Figure 4.37 on page 4-59 are defined as

follows:

A

A Trip Command graph that displays the Trip
waveform produced by the present test parameters.

A Close Command graph that displays the Close
waveform produced by the present test parameters.

A measurement scale with dimensions that toggles
between cycles or msecs.

Radio buttons for displaying measurements in time
or in cycles.

A Trip Command field where the Trip duration is
input or changed. This is then displayed in item A.

A Close Command field where the Close duration
is input or changed. This is then displayed in
item B.

Two delay fields, Delay 1 and Delay 2, where the
Trip or Close command test delays are input or
changed.

A series of fields that configure the test timing
functions for Close only. These fields are activated
when Close is selected as the test type. Selections
made on this list activate the Timing Event picklist
and the Timing Trigger and Timing Channel
picklists as listed in Table 4.4.

Timing Trigger and Timing Channel depend on the
timing event selected.

The Timing Channel picklist displays all configured
channels and sets the channel where recording is
performed.
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Table 4.4 Close Test Timing Functions

Timing Event | Timing Trigger Timing Channel Picklist
Selection Picklist Available? | Available?

Test Initiation | No No

Close Current | Yes No

Analog Yes Yes - Analog channels listed
AUX Contact | No Yes - Auxiliary channels listed

These parameter selections are fully discussed in
the “Close Pulse (Timing)” on page A-37.

The Delay Type picklist determines whether a
Standing, Delay, or Contact 1 Make is used.
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The Reclose, Trip Free and O-C-O versions of this
window have a scrollable picklist, which contains
the Standing, Delay, and Contact 1 test choices.
Each of these choices activates the Trip, Close, and
Delay 1 and 2 fields as listed in Table 4.5.

Table 4.5 Command Parameters

Test Type Command Parameters
Reclose (O-C)
Standing Trip Command
Delay Trip Command
Delay 1
Trip Free (C-O)
Standing Close Command
Delay Close Command

Delay 1

Contact 1 Make

Close Command

O-C-O

Standing

Trip Command
Close Command
Delay 2

Delay

Trip Command
Close Command
Delay 1

Delay 2

Contact 1 Make

Trip Command
Close Command
Delay 1

A Recording Length field where a recording length
is selected from a picklist. Each recording length
has a sampling rate associated with it. When a
length is selected, the sampling rate appears on the
window next to the picklist. Table 4.6 lists the
Recording Lengths and their associated sampling
rates.

4-62

72A-1898 Rev. A 11/01 ¢4/



NOTE

TDR9000™ Circuit Breaker Test System User’s Guide

When a test with a length greater than 5 minutes is completed, the
Safety Bypass Plug must be used. The TDR9000 will not commence a

test without it.

Table 4.6 Recording Lengths and Sampling Rate

Recording Length Sampling Rate
500 ms 10 kHz

1600 ms 10 kHz

10s 1 kHz

30s 500 Hz

1 min 200 Hz

5 min 50 Hz

20 min 10 Hz

K A Signal Viewer functionality button that is used to

restore both the Trip Command or Close Command
graph once they have been closed. Right-click
anywhere on the Parameters window to access
Signal Viewer help or the Signal Viewing
Properties window.

Aok e 72A-1898 Rev. A 11/01
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Trigger Input Tab  Trigger inputs can be configured for all tests, except Continuity,
Self-Diag., Capacitance and Slow Close, using the Trigger Input tab
(Figure 4.38) for the test being run. The default configuration for this tab
is to have a Trigger Source of None(Internal). It causes the external trigger
inputs to be inactive and causes the TDR9000 firmware to initiate a test
in response to input from the safety switch.

NoOTE Selecting None(Internal) requires the use of the safety cable. Selecting
' either external trigger input type requires the use of the safety bypass
H flag.

Trip Parameters  Trigger Input | Trigger Dutputl

Trigger Scurce  |TYRIS)

Trigger Event IDpen to Close VI
Trigger Channel IAuiniary Contact [1-C1) 'l
Pre-Trigger ID.D s

Time Dizplay
) Cusles) ) Hillisecands

QK I Cancel | Lol |
Figure 4.38 Trigger Input Tab

The following parameters are configured on the Trigger Input tab:
Trigger Source This picklist is used to select either:

e AUX Contact trigger
This is when the trigger comes through one
of the Auxiliary contacts of the Event module.
This selection does not automatically activate
the auxiliary contact channel for recording. The
channel must be activated via the Test Plan tab
also.

or
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Timing Event

e Trigger In trigger
This is when the trigger comes in through the
Trigger In connectors of the System module.
This selection automatically activates the
channel for recording.

This picklist is used to select the change in contact
status that causes the trigger and initiates data
recording. Choices available depend on the Trigger
Source and are outlined in Table 4.7.

Table 4.7 Trigger Input Timing Events

Trigger Source

Timing Events Available

AUX Contact

* Open to Close
* Close to Open
¢ Volts On to Off
* Volts Off to On

Trigger In

* O - CorOn— Off

(Open to Close or Volts On to Volts Off)
e C> O or Off -5 On

(Close to Open or Volts Off to Volts On)

Trigger Channel

Pre-Trigger

Time Display

This picklist is used to select the channel
configured to accept the trigger input. It is only
active when AUX Contact is in use for the Trigger
Source. The number of channels available depends
on the number of Event modules in the TDR9000.

This user-entered field sets the length of time, in ms
or cycles, prior to a triggering event for which data
is retrieved from the circular buffer. The TDR9000
is able to do this because it continually records
data once the Continue button is clicked for an
external trigger test. The pre-trigger time is
subtracted from the total recording time; the
overall recording time does not change.

These two radio buttons toggle the time units
between ms and cycles.

Aok e 72A-1898 Rev. A 11/01
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NOTE

Trigger Output
Tab

When OK is clicked on the Parameters window, the TDR9000 tab
reappears with a T icon displayed, as shown in Figure 4.39. This icon
indicates that a trigger is configured.

Trigger In

|- Trigger
Trigger Out g.g
Indicator

Figure 4.39 Trigger Indicator

Once any external trigger is configured, all fields on the Parameters tab
except the Recording Length are disabled and it appears as shown in
Figure 4.40.

Command Parameters [ %]

Trip Parameters | Trigger Inputl Trigger Dutputl

External Trigger-In Activated

Fecording Length TE T ~| at 10kHz

Time Dizplay
’7(" Eycles & Wilisecands Delay Type
I J ms
Timing Event
I vl Trip Commatd IBB-B
Timing Trigger Close Command |
|'|" . | : Delay 1 I
iming Charne
- Delay 2 I
ok, I Cancel | Appl |

Figure 4.40 Trigger In Activated

Trigger outputs may be configured for all tests, except Continuity,
Self-Diag., Capacitance and Slow Close, using the Trigger Output tab
(Figure 4.41) for the test being run. When this tab is selected, the Trigger
State is set to Off, which deactivates the output triggers from the Virtual
Front Panel. This also occurs when the Trigger In is set to Aux Contact
(Figure 4.42).
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Command Parameters [ %]

Trip Parametersl Trigger Input ~ Trigger ODutput |

TiggerStte [ RRG—G_

Fulze Wwidth |55

Polarity IActiveﬁlosed 'l
Trigger Delay ID.D TS

Time Dizplay
) Cusles) ) Hillisecands

QK I Cancel | Lol |

Figure 4.41 Trigger Output Tab

Command Parameters [ %]

Trip Parameters I Trigger Input

Trigger In set to Aux Contact - Trigger Out Disabled

Trigger State | 0f -

Fulse Wwidth IBB-B
Polarity IActive Clozed 'l

Trigger Delay ID.D TS

Time Dizplay
) Cusles) ) Hillisecands

QK I Cancel | Lol |

Figure 4.42 Trigger Output Tab: Trigger In set to Aux Contact
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The following parameters are configured on the Trigger Output tab:

Trigger State This picklist toggles the trigger output On or Off
and activates the other fields.
Pulse Width A user-entered field that sets the pulse width of the

trigger out command in ms or cycles. This is the
length of time that the Trigger Output remains in
the active condition.

Polarity Active Closed only.

Trigger Delay This user-entered field sets the length of time
between the start of the test and when the trigger
is set.

NoOTE A negative time value for Trigger Delay causes the start of recording to
' be delayed by that time value after the inception of the Trigger Out
H command. A negative Trigger Delay can only be used when the Trigger

Source for the Trigger Input is set to None(Internal).

Time Display Two radio buttons that toggle the time units
between ms and cycles.

When OK is clicked on the Parameters window, the TDR9000 tab
reappears with the Trigger Out channel connectors activated.
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Running Tests

This section explains the procedures involved in running tests and saving
Test Results to disk. These include:

e Removing Safety Grounds

e Using the Pretest Checklist

* Running the Continuity Test

* Running Other tests

e Saving Test Results for importation to the back office server
running TRX

e Disconnecting after the test is complete

Removing Safety Grounds

WARNING

N

Before the test can be run, ground connections must be removed from
either side of the circuit breaker. Certain electrical/physical conditions,
however, may dictate which safety grounds can safely be removed. Refer
to the warning below.

If the circuit breaker is closely connected to a transformer (there is

no disconnect switch between the transformer and the circuit breaker)
whose neutral is grounded, the safety grounds that remain must be the
ones between the transformer and the circuit breaker.

If there is high voltage between one side of the circuit breaker and the
closest isolating disconnect switch, the safety grounds that remain must
be on the long section of the high-voltage bus.
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Using the Pretest Checklist

Use the checklist given in Table 4.8 to ensure that the system is safely
configured for testing. Once this Pretest Checklist is complete, DC power

can be restored to the circuit breaker Trip and Close circuits, and

AC power can be applied to the Instruments.

Table 4.8 Pretest Checklist

ltem

Circuit breaker under test is removed from service according to
government and company safety rules (Not applicable to First
Trip/Close tests)

A Safety Ground cable is installed on the TDR9000

Proper AC power is available

One end of each phase of the circuit breaker is grounded (Not
applicable to First Trip/Close tests)

All cables are connected to the TDR9000

Transducer Connecting Rod is coupled to the circuit breaker
rod (Not applicable to First Trip/Close tests)

Rotary Attachment is installed (optional- not applicable to First
Trip/Close tests)

All Motion Transducer cables are connected to the transducer
(Not applicable to First Trip/Close tests)

All Contact Monitor cables are connected to the circuit breaker
bushings (Not applicable to First Trip/Close tests)

All test parameters are configured via the Virtual Front Panel or
Test Plan

All the current probes are zeroed (if used)
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Running the Continuity Test

The Continuity Test is recommended. This test confirms that all Main
Contact cable clamps are properly connected. Run this test after
equipment setup is complete and before any other test is run.

The Test Results shown in Figure 4.8 on page 4-70 include the channel
label and a Pass/Fail indication whose text format is configured on the
TRX Options window (see page A-31).

Note This test MUST be performed with the circuit breaker closed.
| To perform a Continuity test:
[J

1. Select Continuity from the picklist of the right side of the Virtual Front
Panel, as shown in Figure 4.43.

TENew Test Plan - TocField
Eile Miew Help

EEEEEEED

TestPlan TORS000 |
—
0O 00 O Fun Coniuiy Tt
e 541 ldstected on
CONTACT1 COM1 -
CONTACTR
0 0(00
(—) a2 sa2
TRAVELT
0O 00 O oy
TRAVELZ 443 5-A3 ° o
(—) Tigger Ou
B 0 00O
401 501
TRAVELA
ooloo|l
(—) 4 52 Seely  Olghe
TRAVELE @ o
TRAVELE 43 53 &
Jotion Sapiliary 4 Sapiliary & System -]
Far Help, press F1 [ TNUM |

Figure 4.43 Continuity Test Selection
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2. Click Run Continuity Test.
The Run Continuity Test window appears (Figure 4.44).

i New Test Plan - TrxField = S ]

File View Help
SEEREREEEN
TestPlan TDR3000 |

The lead continuity test confirms that all active EHV/GCB channels have continuity. [ continuity [

This test is performed with the breaker in the closed position. . |
antinue

THIS TEST DOES NOT OPERATE THE BREAKER.

Cancel Test |

ForHelp, press F1 [ [NURM |

Figure 4.44 Run Continuity Test

3. Click Continue.
Once the test data is loaded, an alarm sounds from the TDR9000.
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4. Press the button on the Safety Switch cable until the alarm ceases.
e If the Safety Switch is not pressed within 60 seconds, the test is
aborted and the window shown in Figure 4.45 appears.
* If the Safety Switch is released before the alarm ceases, the test is
aborted and the window shown in Figure 4.46 appears.
Test Aborted E

& Safety switch not pressed within 1 minute.  Test was aborted.

Figure 4.45 Test Abort Message — Switch Release

Test Aborted | ]

Testwas aborted because the safety switch was released or the external safety plug was
rernoved before the testwas completed.

Figure 4.46 Test Abort Message — Switch Not Operated

The window shown in Figure 4.47 appears as the data is collected.
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TZNew Test Plan - TndField [_[5]x]
Fle ¥ew Help

EEEEEREED

TestPlan TDRIOND |

To test breaker, press an hold safety switch until alarm stops. IConlinuity Bl

Cancel Test |

Test Started

ForHelp, press F1 [ [NUM ]

Figure 4.47 Continuity Test Execution

When the test is successfully completed, the Continuity Test Results
window appears (Figure 4.48). The active channels are listed, along
with a Pass/Fail designation.

Lead Continuity Test Results
Lead Cantinuity Test Results: Fail =
EHY 172 344 5/6 778
A Fail Pass N{C NYC

Pass Pass MN/C N/C
B Pass Pass N/C N/C
Pass Pass MN/C N/C
C FPass Pass MN/C N/C
Pass Pass MN/C N/C
el
Save As

Figure 4.48 Continuity Test Results

If the Continuity Test fails, check all test connections starting with the
circuit breaker connections and then the TDR9000 Physical Front Panel
connections.
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Running Tests

With the TDR9000 properly connected to the test environment and the
Virtual Front Panel configured with the proper channels and values, a
first test can be run.

Running a First Trip/Close Test: Special Considerations

Special considerations include:

1.

Run the First Trip test.

The TDR900O records the test results after the circuit breaker is
tripped externally.

Run the First Close test, after making the following changes in the
preparations described above:

e Change the Analog Channel label in the Test Plan from Trip Coil
to Close Coil.

e Move the current probe measuring the Trip relay coil current to
measure the Close relay coil current.

e Change the Auxiliary Contact label in the Test Plan from 52CS/T
to 52CS/C.

¢  Move the Aux Contact channel cables on the circuit breaker from
across the 52CS/T contacts to across the 52CS/C contacts.

This serves as the trigger source for the First Close operation.

Repeat both the Trip and Close tests, alternating the connections and
labels as described in step 2, for comparison of the First Trip/Close
tests to subsequent tests.

To reduce time re-labeling of the Analog and Auxiliary Contact
channels when alternating between First Trip and First Close, the
channels being used to measure First Trip/Close relay coil current and
Trigger source contact state can be given a more generic label, such
as T/C Coil for the Analog channel and 52CS/T-C for the Auxiliary
Contact channel.
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To run the test:

1. Select a test type from the picklist on the upper right corner of the
window.

2. Click Run XXX Test where XXX designates the type of test.

The Virtual Front Panel then appears as shown in Figure 4.49. This
window displays the values of the configured command parameters
and allows for confirmation by the operator.

NoTE If the fields shown in Figure 4.50 have not been correctly filled in on the
' Test Plan, the Enter Breaker Information window appears. This window
H contains the fields constituting the minimal information required to
identify a specific breaker in the field. If Special ID is not used, enter
NONE.

5 Tp0005.pln - TncField

File View Help
ST R

TestPlan TDR3000 |

Trip (0) test. [Trip (0) E
Make sure test parameters are correct before you proceed. :
Select Gontinue to start the test. Continue
Qn
Cancel Test |

- . - - - !
| | | | | | |

| |
(ms) i} 200 400 BO0 800 1000 1200 1400 1600

Ttip Pulse: 66.0

FarHelp, press F1

Figure 4.49 Enable Safety Switch

Enter Breaker Information E

Location

I Cancel |
Special [d

Serial Mumber

Figure 4.50 Enter Breaker Information
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3. Click Continue.

A status bar appears on the window (Figure 4.51) as the test data is

loaded.
EZNew Test Plan - TreField
Eile  ¥iew Help
= | 228 =
TestPlan TORA00D |
To test breaker, press an hold safety switch until alarm stops. J
Caontinue |
Trip Parameters | |
Cancel Test |
Loading Test
Trip Pulse: BG.6

[ -]

ForHelp. press F1 U

Figure 4.51 Loading Test

Once the test data is loaded, an alarm sounds from the TDR9000.

NoTE For externally triggered tests, perform the action to activate the trigger
' and skip step 4.
S 4. Press the button on the Safety Switch cable until the alarm ceases.

WARNING This is the last warning before circuit breaker operation, so make sure

C all safety issues are in compliance.

NoOTE For a Capacitance test, making sure all safety issues comply is a lengthy
' process. The Loading Test status bar cycles a minimum of six times and
: a maximum of eight times.
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Capacitance Test Errors

During a Capacitance test, a Capacitance Error dialog box may appear
(Figure 4.52).

Capacitance Error | ]

An error has been detected on channel C-EHY 1.

The reason for this may be:
The cable is disconnected.
The capacitor has failed open.
The capacitor is grounded.
The breaker is closed.

To retestthis capacitor and continue the test, correctthe problem then click the ReTest buttan.
To acceptthis value and continue the test click the Continue buttan.
To cancel the test click the Cancel buttan.

Continue | Cancel |

Figure 4.52 Capacitance Testing Error

If this occurs, click one of the buttons:

e ReTest to start the test over after fixing the problem.

e Continue to accepts a potentially incorrect value and move to
testing the next contact

or

e Cancel to abort the test
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A status bar appears on the screen showing the progress of the data
collection process (Figure 4.53).

EiNew Test Plan - TreField

Eile  Wiew Help

=|S|E| 22 [%| =
TestPlan TDRI000 ITESI Results | Graphics |

Collecting data from TDR3000 J

Please Wait ol |

Trip Parameters |

Cancel Callection |

Collecting data.
Trip Pulse BE.B
- ]
ForHelp, press F1

MUK

Figure 4.53 Data Collection Status

NoOTE Data collection times vary depending on the types and number of
I channels in use. This process can take several minutes.
o [ ]

If the Safety Switch is not pressed within 60 seconds, the test is
aborted and the window shown in Figure 4.54 appears.

If the Safety Switch is released before the alarm ceases, the test is
aborted and the window shown in Figure 4.55 appears.

Test Aborted

& Safety switch not pressed within 1 minute.  Test was aborted.

Figure 4.54 Test Abort Message — Switch Release
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NoTE

Test Aborted | ]

Testwas aborted because the safety switch was released or the external safety plug was
removed befare the testwas completed.

Figure 4.55 Test Abort Message — Switch Not Operated

Once data collection is complete, the TRXField software presents the
information by switching to the Graphics tab. Figure 4.56 shows a

sample graphical result.

Capacitance Test results do not include graphical results.

Tt 1 -]
o L - |
Close Command
) -l
A g = |
ol |
Close Current
16 e -]
1284 / a
96 ,/
in 4] F i
324 /
n_'. -
TANK NO, Af1]
14 . |
844 _/ L) a
IS g a W
281 \
-B.4{
=14~
WVEL . AfT]
Close{ T ]
Res. Openl—_ 1T a
TANK NO, Cf3]
Close =
Res. Open: =1
TANK NO, B[2]
Closeq ¥ -]
Res. Open? LT a
TANK NO, A[1]
| | | | | | | | | | | | | | | | |
(ms) 0 100 200 300 400 500 BOD 700 BOO 900 1000 1100 1200 1300 1400 1500 1600

Figure 4.56 Graphics Tab with Results

Tabulated test results are also available. Refer to “Interpreting Test

Results” on page A-97 for an explanation of these.
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Working with Test Results

TRXField is designed to allow viewing of a Test Result file in both
tabulated and graphical format, as well as viewing of the associated Test
Plan. This can be done with one Test Result at a time or Test Results of a
similar type can be overlaid and viewed together for comparison in the
graphical format.

To work with the Test Results:

If a test has just been run, the Test Results appear as shown in
Figure 4.56. Once a test is run the Overlay Graphics File menu item
becomes active. The available tabs appear as in Figure 4.57.

File “iew Help
SEEEEREE]

| TestFlan !TDRSDDD| EditSiecs. | Test Results| Graihics|

Figure 4.57 Navigation Tabs After a Test

There are several options for working with Test Results. They can be
manipulated using either:

e Signal Viewer
e Edit Specs. Tab
e Tabulation

NoOTE This discussion deals with physically manipulating Test Results. Refer to
' ”Interpreting Test Results” on page A-97 for details on interpreting the
: meaning of Test Results.
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Signal Viewer The Graphics tab of the TDR9000 works as part of another Doble
Engineering program called Signal Viewer. For the most part, this
program remains indistinguishable to the user as it relates to TDR9000
operation. As graphical results are used and manipulated, however, the
Signal Viewer program is in use and the display properties of this
program are accessible for configuration.

When viewing test results, they appear in graphical form (Figure 4.58)
on the Graphics tab or in tabulated form on the Tabulation tab. The
graphics can be zoomed, overlaid, and re-ordered. Cursors are used to
mark key points of a channel and determine their value and time of
occurrence. The Time and Channel values only appear when a cursor is
active.

EEE C020d6eb.dat - TrxField

File View Help

NEEEEREES

TestPlan | TestAesuts Gaphics|
TR3000 Dead Tank Gas Sub EPB-72.5-31.b  2/3/1993 13:31 - EPB-72.5-31.5 Close

T4 T T T T T T T T — x|
T e o DEEEES R e EEEitt Rt
; I

Close Current

TRAVEL . Al1]

] X
e = ST e e e T T e =
T A e e
. ' DT O R T e ot
e 4 ; 4
VEL. . A[1]
: : : ‘ x
Res Open- I I ' I
COMTACT, A[1]
Ries Elase:‘ =
DOpen- ! !
COMTACT, B[2)
Cloze-| T T X
Res. Open] h .I i D
COMTACT. C[3]
| | | | | [ | | | |
[e] 0 24 48 72 9E 12 14.4 16.8 192 216

Figure 4.58 Graphical Display of Test Results
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Tabulation Tab The Tabulation tab (Figure 4.59) is used to check measured values
against the manufacturer’s recommended limits. If the manufacturer’s
limits for the various measured parameters were entered in the Test Plan,
TRXField compares the measured vs. manufacturer’s limit and passes or
fails each parameter. If no limits were entered into the Test Plan, no
comparison can be made, but the measured values still appear.

This tab is useful when a user’s time or skill level does not permit a
detailed examination of a graphical display.

%Cﬂ2ﬂdﬁeb.dat - TrxField

File ‘iew Help
|| (= S[2%| =

Test Plan  Test Results | Graphics
Close 2{3{1993 13:31 Dead Tank Gas Sub H¥B EPB-72.5-31.5
USE OPREBRA [l

Main Contact Closing Time Measured From Test Initiation

Bpecifications | Test results |  Trawel | Velocity | Cowmpare
Maximum &.00 oy | CONTACTL £E.00 cy | 4.768 in. | 7.71 £r/=1  Pass
Minimum o.oo | CONTACTEZ 4,93 | 4.758 | 7.9E | Pass

| CONTACTZ 4 36 | 4_700 | 782 | Pass

Delta Main Contact Closing Time Within the Breaker

Specifications | Test results | Cowmpare

H|l4]4

Maximum 0.zZ0 cy | Ereaker 0.04 cy | FPass

For Help, press F1 | [ [

Figure 4.59 Tabulation Tab (Partial View)

B

Graphics Tab The Graphics tab, using the Overlay function, gives a detailed
comparison between new Test Results and previous Test Results, as well
as between the results of different circuit breakers of identical types and
rating. Other tab features include Zoom and Re-order. The two cursors
are used to determine channel values at precise moments in time, for
example, to determine the time elapsed between two selected points, or
the distance between two selected points. TRXField shows the difference
between the primary (green) and secondary (red) cursor values by
subtracting green from red, and then showing the difference in yellow.
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Displaying Time  Time and channel values appear only when a cursor is active, as
and Channel  described in "Cursors” on page 4-90. When a cursor is active, time
Values onthe  appears in the lower left corner. The channel values appears to the right
Graphs Tab  of each channel.

e Red channel values represent the point marked by the red cursor.

e Green channel values represent the point marked by the green
cursor.

To display time and channel values:

1. Move the cursor to determine the value of the channel at different
points in time. If both cursors are active, the difference between the
two is also displayed in yellow.

When channels are overlaid, only time values appear.
2. Right-click a set of overlaid curves to obtain its values.
The menu shown in Figure 4.60 appears.
Help Topics
Froperties

Channel Properties
Channel Info

Figure 4.60 Properties Window

3. Select Channel Info.

The Signal Information window shown in Figure 4.61 appears.

Signal Information for TRAYEL . B[2] [ %]

Test Time | Channel Mame | Special [d | Serial Mumber | Breaker T
9/27/99 08:58 TRAVEL . B[2] 1004134 41-30241-2022 145-KM50

1 | i

Figure 4.61 Signal Information Window

4. Note the information needed to select the Test Result desired for
further viewing.

5. Open a Test Result using the Open icon or the File/Open command.

View it alone to see values for each channel when cursors are
activated.

4-84 72A-1898 Rev. A 11/01 dﬂ@



TDR9000™ Circuit Breaker Test System User’s Guide
L]

Contact Timing  In graphical mode, the following values appear for a Main Contact
Values  channel in a column on the right side of the Data window:

(@) Indicates the contact was open at the time
selected.

C Indicates the contact was closed at the time
selected.

R Indicates the contact was in Resistor state at the

time selected.

O-R-C Indicates the contact was in a state of change at the
time shown, and the selected sample time
contained instances of the circuit breaker in the
Open, Resistor, and Closed states.

R-C Indicates the contact was in a state of change at the
time shown, and the selected sample time
contained instances of the circuit breaker in the
Resistor and Closed states.

O-R Indicates the contact was in a state of change at the
time indicated, and the selected sample time
contained instances of the circuit breaker in the
Open and Resistor states

NoTE The compound states described for R and O-R-C may be the result of
] contact bounce during circuit breaker operation.

Trip and Close  All trip and close current values appear as positive.
Current Values

Auxiliary Contact ~ The following auxiliary and analog contact values appear:

and Analog C Indicates the contact was closed at the time

Values selected.
oD Indicates the contact was open dry at the time

selected.
ow Indicates the contact was open wet at the time

selected.

All Current and Voltage values are positive.
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Time  Time can be displayed in msec or cycles, regardless of the units selected
(Milliseconds  in the original Test Plan.

or Cycles) 1, change the time format:
e Click the mSec/Cycles button for the Graphics tab.
or
* Select the units under Tools/TRX Options before displaying the
Test Results. All subsequent windows appear with the selected
units.
Adjusting Test Results can be zoomed vertically and horizontally, overlaid and
Displayed Test re-ordered.
Results
Zoom  To select and enlarge a portion of the channels:
1. Display the channels.
2. Ensure that the cursors are turned off.
If they are on, click the Cursor Delete button.
3. Click the upper left corner of the channel area to be enlarged and
hold the left mouse button.
4. Drag the mouse down to the bottom right corner of the channel area
to be enlarged, and release the mouse button.
The area selected can include one or more channels.
e Zoom repeatedly to continue adjusting the displayed area.
e To Unzoom, click the Unzoom icon in the upper right area of the
channel viewing area.
Channels return to their original display form.
e To re-order the channels so that they can be zoomed together, or
to overlay the channels before zooming, see the sections
"Overlay” on page 4-87 and "Re-order Displayed Channels”
on page 4-89.
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Overlay  Like tests from different circuit breakers can be overlaid using the
Tabulation tab.

To overlay Test Results:
1. Select Overlay Graphics from the File menu.
The Overlay Graphics file selection window appears (Figure 4.62).

2|
Loak jn: Ia FieldD ata j = o B I Result File

[®l612_s-22-2001 1
8658_6-21-2001 Close 6}22/2001 14:55 612 Canal Elecy

[R]612_f-22-2001 150415 _Trip.tdr
[R]612_f-22-2001 151035 _TripFree.tdr
612_6-22-2001 152740_Capacitance_Aphase.tdr

612_6-22-2001 153401 _Capacitance_Rphase.kdr BRELKE
TDRZOL

617 _6-22-7001 154827 _Capacitance_(Phase.tdr

Manufacturer : GENERAL ELECTRIC

4 | 2l Model Number : ATB 362-7
¥ ZSerial Nuwber: 0Z0ZA9224-201
File name: |B12_B-22—2UU1 145556_Close. tdr DOpen I Instr Book # :

Mechanism § :

Files of tupe: ITestHesuIl Files [*.dat);T dr3000 [~ tdr) ﬂ Cancel Mech Instr £
Special ID : BlZ
4 i |

-
DMK

Figure 4.62 Overlay Graphics File Selection

2. Navigate to the desired folder and select a Test Result file and
click Open.

Test Result files have a .tdr extension.
3. Click the Overlay Graphics tab to view the overlay (Figure 4.63).

Additional overlays can be added.
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%[ﬁlﬂﬂdﬁeh,dal - TixField

File “iew Help
NEEENEREED
festPar| Test RS0 Geapbies|
TR3000 Dead Tank Gas Sub EPB-72.5-31.5 2/3/1993 13:31 - EPB-72.5-31.5 Close [
7.4 T T T |
" 3.g+ 777777777777777777777 R T T ...

Close Current

TRAVEL . A[1]

= X

F/5

VEL. L A[N]

&

Res ' |
CONTACT, A[1]

Fes ' |
COMTACT. BI2]

Res ' I
CONTACT, C[3]

| | [ I | [ | | | |
[cy) 1] 2.4 48 7.2 36 12 14.4 168 19.2 216

For Help, press F1 | I

Figure 4.63 Test Results with an Overlay

The original Test Result is available for viewing alone in graphical format

or in tabulated format, however, overlaid Test Results can only be

viewed graphically by using the Overlay Graphics tab.

It is also possible to further overlay displayed signals (for example, the
travel signals from different phases, if multiple transducers were used).
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To do so:

1. Right-click either the Graphics or Overlay Graphics tab to access to
the Properties window.

If the Automatically Overlay Signals With The Same Name box:

¢ s checked, channels with the same name, such as all Main
Contact channels, are automatically overlaid.

* Is not checked, all overlays must be performed manually.

Point to the Drag and Drop icon to the right of a signal.
3. Click and hold the mouse button.

4. Move the mouse until it is over the target channel and the Overlay
icon appears.

5. Release the mouse button.

The two channels are now overlaid in the same channel frame.
TRXField automatically selects different colors for each ("Channel
Viewing Properties” on page 4-92).

6. To overlay more channels, Repeat steps 1 through 5.

*  When moving a channel:
* |f the Re-order icon appears, the user is re-ordering, not over-
laying, the channels.
 If the Overlay icon is displayed, channels are overlaid.
e To restore all Test Results, select the Reload Original button.
Re-order  Test Results can contain many channels. To remove unwanted channels:
Displayed

Channels e (lick the X next to channels.

This deletes the channels from the display only, not from the Test
Results. Moving the channels up or down on the screen can make
it easier to compare them.
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To change the order in which the channels appear:
1. Use the Open icon or select File/Open to open a Test Result.
2. Click the Drag and Drop icon next to the channel to be moved.
3. Drag the mouse to the new location for that channel.
The Re-order appears.

4. Release the mouse button.

NoOTE If the Overlay icon appears and the mouse button is released by
| mistake, the channel is overlaid, rather than re-ordered.
S To restore the entire Test Result:

e Click the Reload Original button.

Cursors  TRXField has a primary (green) and a secondary (red) cursor, or vertical
marker, which is used to determine either the value of a channel or the
time elapsed at one or more chosen points.

The time appears in the bottom right corner of the data screen. The
channel values appear to the right of each channel.

Facts about cursors include:

* Precisely positioning the cursors determines the time and distance
values for a channel which can then be compared to the
manufacturer’s specifications.

e |If the primary cursor (green) appears, the time and values are
displayed in green.

* If both the primary and secondary cursors appear, the times and
channel values at each cursor point appear. These values appear
in their respective colors (green and red), with the delta value for
time in yellow, along the right side of the Data window.

To activate the cursors:
1. Activate the primary (green) cursor first.
Position the mouse at or near the point of interest on the channel.

2. Click the mouse and the green cursor appears, along with the cursor
Delete button (green).

3. Reposition the cursor by clicking the mouse repeatedly.
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4. Use the keyboard to make precision moves (Table 4.9).

Each 1600 mSec channel consists of 16,000 samples.

Table 4.9 Keyboard Selections for Precision Cursor Movement

Key Cursor Direction

Left arrow Moves 0.1 mSec (1 sample) left.
Right arrow Moves 0.1mSec right.

Up arrow Moves 1 mSec (10 samples) left.
Down arrow Moves T mSec right.

Page Up Moves 10 mSec (100 samples) left.
Page Down Moves 10 mSec to the right.
Home Moves to the first displayed mSec.
End Moves to the last displayed mSec.

Once the primary cursor is active, the secondary cursor can also
be activated.

5. Position the mouse at or near the second point of interest on
the channel.

6. Right-click and the red cursor appears.

The Cursor Delete button changes to red, indicating the secondary
(red) cursor is now active.

7. Reposition this cursor by clicking the right mouse button repeatedly.

8. Precision moves can be made using the keyboard as described in
step 4.

The keyboard acts on the active cursor only. The Cursor Delete button
indicates whether the active cursor is the primary (green) or secondary
(red). Click the mouse, or press Ctrl-P to activate the green cursor, and
right-click or press Ctrl-S to activate the red cursor.

Clicking on the Cursor Delete button deletes the cursors.
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Channel Viewing  To change the way channels are viewed:
Properties Display a graphical Test Result.

2. Right-click in the Data window before activating any cursors.

3. From the resulting menu, choose Properties.

The Signal Viewing Properties window appears (Figure 4.64).

Signal Yiewing Properties [ x|

I ise

V¥ Use value lines

Advanced

[™ Draw signals on black background
Help

¥ Uze phase encoded signal colors

[ Display time in cycles

¥ Enable harizontal zoom

¥ Enable vertical zoom oK

¥ Use cursor bars

i

[~ automatically overlay signals with the zame name. Cancel

Figure 4.64 Signal Viewing Properties

The following checkboxes can be selected:
Use signal frame ticks

Adds a tiny vertical tick under each vertical value
line outside the signal frame.

Use value lines

Adds vertical and horizontal value lines to the
channel frames.

Draw signals on black background

Makes the channel frame background black
(de-selecting makes it gray).

When printing, the background is always white
and is not affected by this command.
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Use phase encoded signal colors

Enables the automatic encoding of phases in the
display, as shown in Table 4.10.

If more than four Test Results are displayed, this
feature automatically turns off. The result is that all
channels from a given circuit breaker become the
same color. It is assumed that with five or more
circuit breakers, a comparison of channels among
different circuit breakers is more necessary than a
comparison of different channels associated with
the same circuit breaker.

Table 4.10 Phase Encoded Signal Colors

Test Result In Frame Phase Color
First Phase A Red
Phase B Yellow
Phase C Blue
Second Phase A Purple Bright
Phase B Green
Phase C Bright Light Blue
Third Phase A Brown
Phase B Olive Green
Phase C Purple Medium Dark
Fourth Phase A Black
Phase B Green Flat
Phase C Blue Flat

Automatically overlay signals with the same name

Overlays similar channels automatically.
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Channel Viewing  To access advanced channel viewing properties:
Advanced e Click the Advanced button.

Properties } L. . ‘ ‘
The Signal Viewing Properties Advanced window shown in
Figure 4.65 appears.

—Appearance
S e il R e ¥ Shaw Title Bar
¥ alue Lines ¥ Phase Encoded Colors I™" Tiny Signal Frames
¥ Show Signal Mame ¥ Show Signal Name Source
™ Black Background [ Display Time in Cycles
Lire Frequency IBEI Hertz 30 width |1 Pirels

— Contral
v Huorizaontal Zoom Iv Signal Drag Drop Rearder
v “ertical Zoom Iv Signal Drag Drop Overlay
¥ Cursor Bars ¥ Restricted Overlay Drop
V¥ Deletable Signals ¥ Refresh Button

¥ Time Cycles Button

~ Scale
™ Include zero in amplitude scales Max. Time Ticks 1l
™ Center zero within signal M ax. Amplitude 3
¥ &1l signals with same name on same scale . 2
™ &l signals with same name in same frame Fiound Out Digits

Time Round Dut 2
Help | Cancel |
Figure 4.65 Signal Viewing Properties Advanced Window
NoOTE Doble recommends that these defaults remain unchanged.
!
Using the Edit The Edit Specs. tab appears once the test is run. This tab contains all the
Specs. Tab fields that were configured for the test. Some fields can be edited. The

effects of changing the parameters can then be viewed on the Graphics
and Test results tabs. This is merely an analysis tool, as the original Test
Results file and the original Test Plan configuration remain intact.
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Saving Test Results/Test Plans
Once a test is complete:
e Save the Test Results, which includes a portion of the Test Plan
or

e Save the Test Plan as either:
e Library Test Plan
e Specific Circuit Breaker Test Plan
If circuit breaker specific information, such as Serial #, Special ID

or Location, is included, the file is automatically saved as a
Circuit Breaker Test Plan.

Both types of files fit onto a floppy disk and should be loaded into the
TRX software database in the home office for storage, for further use, or
in the case of Test Results, for comparison against previous tests.

Test Results To save Test Results from the Graphics or Tabulation tab:
NoTE When saving a Capacitance test the filename structure is:
| [Special Id][Date][Time]capacitance.TDR
S 1. Click Save on the File menu.

If a test has been run and the Tabulation or Graphics tab is selected,
the data is saved as a Test Result File.

The Save TDR9000 Test Result window appears, as shown in
Figure 4.66.

Save jn: |@ Test j gl

82892_05-30-97 034200 _Close.tdr
82892_05-30-97 100324_Close.tdr
82892_05-30-97 100634 _Trip.tdr

File name:

Save as type: ITDHSDDD Results(* tdr) j Cancel |
Z

Figure 4.66 Save TDR9000™ Test Result
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2. Navigate to the desired folder and click:

Save To save the Test Results.
Cancel To return to step 1 and select another directory.
Test Plan To save Test Results from the Test Plan or TDR9000 tab:

1. Click Save on the File menu.

The Specify File Type window appears as shown in Figure 4.67.

Specify File Type | ]

Do you want to use the test plan with 2 TORI000 or &
TR3000 7

CUTBRG000 TRa00D | Cancel |

Figure 4.67 Specify File Type Window

2. Select the type of save to perform:
e Click theTDR9000 button.

The window shown in Figure 4.66 appears. Follow the procedure
for saving Test Results, starting at step 2 of “Test Results” above.

or
¢ (Click the TR3000 button.

The window shown in Figure 4.68 appears.
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Sawve File HE
Save n: IEI (8] j gl
|20 _halde (D syhtoals ] _8-22-00 103353 _Trip.tdi
|20 Acrobat3 [@Temp ] _8-22-00105120_Closed
|_1 Capacitance_tests O Test =] _8-22-00 105600_Trip.td
|_1Dokle A Trrec s8] _8-22-00112906_Trip.tch
|_1Exchange (A Trsend ] _8-22-00113359_Close 1
|1 Multimedia Files [Windows Grep ] _8-23-00115420_Trip.teh
|- Program Files CWinnt [7] bronz tdi
|21 sglanys0 ] _10-31-00 135029_Closetdr 2] CO310116.dat
1] |

Sawve as type: Caiee]

|
Filename:  [T0E58chb dat Save |

All TR3000 files(* dat™ plr)

All Telr3000 files(™ tdr™ tdp 4ol
TR3000 Test Results (*.daf)
TR3000 TestPlans (*pln)
Tdra000 Results(* tdr)

Tdr3000 Breaker Test Plans(™tdp)
Tdr3000 Library Test Plans{*tdl)
All Files

Figure 4.68 Save File

3. Enter a file name and click Save.

NoTE It is possible to use a file type other than the default.dat, however,
I doing so restricts later use of the file and makes locating the file more
: difficult.
Closing Without If the Close icon on the upper right of the TRXField window is clicked
Saving before a save is completed, the following sequence of events occur:

A dialog box appears asking whether to save the Test Results or Test Plan,
as shown in Figure 4.69.

NoTE If no changes are made to the Test Plan, even if a test is run, this dialog
' box does not appear. The software immediately proceeds to
- Figure 4.70.

& Testplan ortest result has been modified. Do youwantto sawve the changes ?

Mo | Cancell

Figure 4.69 Saving a Test Plan
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1. Click Yes and the Specify File Type window appears as shown in
Figure 4.70.

Specify File Type | ]
Do you wantto use the test plan with a TORI000 ar &
TR3000 7

TR3000 | Cancel |

Figure 4.70 Specify File Type Window

2. Select the type of save to perform:

e (Click the TDR9000 button.

The window shown in Figure 4.66 on page 4-95 appears. Follow
the procedure for saving Test Results, starting at step 2 of "Test
Results” on page 4-95.

or
e Click the TR3000 button.
The window shown in Figure 4.71 appears.

Sawve File HE||
Save n: IEI (8] j gl =
|- _holde [ sybtoals ] _8-22-00 103353 _Trip.tch
|20 Acrobat3 [@Temp ] _8-22-00105120_Closed
|_1 Capacitance_tests O Test =] _8-22-00 105600_Trip.td
|_1Dokle A Trrec s8] _8-22-00112906_Trip.tch
|_1Exchange (A Trsend ] _8-22-00113359_Close 1
|1 Multimedia Files [Windows Grep ] _8-23-00115420_Trip.teh
|- Program Files CWinnt [7] bronz tdi
|21 sglanys0 ] _10-31-00 135029_Closetdr 2] CO310116.dat
4] | i

Filename:  [T0E58chb dat Save |
Sawve as type: i ; i Caiee] |

All TR3000 files(* dat™ plr)

All Telr3000 files(™ tdr™ tdp 4ol
TR3000 Test Results (*.daf)
TR3000 TestPlans (*pln)
Tdra000 Results(* tdr)

Tdr3000 Breaker Test Plans(™tdp)
Tdr3000 Library Test Plans{*tdl)
All Files

Figure 4.71 Save File
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3. Enter a file name and click Save.

NoTE It is possible to use a file type other than the default.dat, however,
' doing so restricts later use of the file and makes locating the file more
s difficult.

At this time, if the Close icon on the Choose Test Plan or Result
Destination window is clicked the dialog box shown in Figure 4.72
appears.

TrxField | ]

TDR aquired test result _3-21-00 110710_Triptdr has not been saved. Do you want to
sawve the TDOR test result to disk 7

Mo | Cancell

Figure 4.72 Final Save Warning |

4. Select one of the following buttons:

To save the Test Plan by clicking Yes on the dialog
box shown in Figure 4.73.

TrxField =]

& Sawe file "f\tritdra0004resultsy 3.20424_contactst3.11.064 TFOO01 . FLN"?

Figure 4.73 Final Save Warning Il

Mo | To exit without saving the Test Plan.
Cancel | To return to step 1 and select another directory.
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Printing Test Results

Test Results can be printed before or after saving the Test Results.

* |f the Test Plan or TDR9000 tab is selected when printing, the
contents of the Test Plan tab prints.

* |f the Tabulation tab is selected when printing, the contents of the
Tabulation tab prints.

* |f the Graphics tab is selected when printing, the contents of the
Graphics tab prints.

To print Test Results before a save is performed:
1. Click the tab containing the type of results for printing.

2. Click the Print icon shown below.

=l
The Test Results are sent to the Windows default printer.

To print the Test Results of an existing test, open the desired plan using
the instructions given in “Connecting the TDR9000™ Physical Front
Panel” on page 4-30 and then print using the procedure above. This
requires that the open Test Plan be saved or closed without being saved.

Disconnecting After the Test
1. Turn the power switch to OFF.

2. Replace all safety grounds that were removed to perform tests.

WARNING All safety grounds must be replaced before proceeding.
When performing connections, always make sure that appropriate
service disconnects are secured and that all safety procedures are

followed. Disconnect the cables from the circuit breaker first.
3. Remove the Contact Monitor cables from the circuit breaker.

Do not pull the cables. Remove the cables at the connection.
4. Unplug the following cables from the Instrument:

a. Contact Monitor
b. Motion Transducer
c. Breaker Control
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5. Unplug the AC power cord from the power receptacle.
6. Unplug the AC power cord from the Instrument.

7. Remove the Safety Switch cable from the SAFETY receptacle on the
Instrument.

8. Remove safety grounds from the circuit breaker.
9. Unlock and remove the tags from the isolating disconnects.
10. Remove the ground cable from the connection to the ground grid.

11. Restore the circuit breaker to service.

Disconnecting After  To disconnect after a First Trip/Close test:

a First Trip/Close 1. Turn the power switch to OFF.
Test

NoTE Disconnect the cables from the circuit breaker end first.

| 2. Disconnect the Doble current probe from the CT secondary phases.
o

Disconnect Doble current probes from the selected relay coil circuits.
Disconnect the Analog cable across the DC supply switch.

Disconnect the Auxiliary Contact cables from the selected contacts.

AN S

Disconnect:

e Trigger In cables across the 52CS/T contacts.

or

* Auxiliary Contact cables across the 52CS/T contacts.
7. Unplug the Breaker Control cable from the Instrument.
8. Unplug the AC power cord from the power receptacle.
9. Unplug the AC power cord from the Instrument.

10. Remove the Safety Switch cable from the SAFETY receptacle on the
Instrument.

11. Disconnect the TDR9000 ground connection to circuit breaker
ground.

12. Remove the ground cable from the connection to the ground grid.
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Appendix A. TRXField " Software and Circuit
Breaker Testing Theory

This appendix discusses several topics useful in understanding circuit
breaker testing. These include:

e Basic Circuit Breaker Interruption Principles

Understanding Contact Measurement
TDR9000 TRXField Software and Test Plan Dynamics
Interpreting Test Results

Basic Circuit Breaker Interruption Principles

When a switch carrying AC current opens, an arc forms. This arc strikes
as the last metal-to-metal contact breaks, as shown in A of Figure A.1.

T A B

Figure A.1 Arc Principles

The arc is a conductor. As the contact in motion moves away from the
stationary contact, the arc stretches. This stretching and cooling enables
the arc to quench at a point where the current is zero, t,, B in Figure A.1,
subsequent to contact parting. In a sixty cycle sine wave, the voltage and
current cross zero twice each cycle. At these zero crossings the arc
extinguishes. It remains extinguished if the dielectric strength of the
medium between the contacts is greater than the dielectric strength
necessary to withstand the voltage across the contacts.

If the dielectric strength across the contacts is insufficient to withstand
this voltage, a restrike occurs and the arc is re-established. At the next
zero crossing the arc again extinguishes and this process continues until
the dielectric strength becomes sufficient to withstand voltage across the
contacts.
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Interruption in Air

Air-Magnetic
Circuit Breakers

The following discussions explain circuit breaker interruption in air,
including:

e Air-Magnetic Circuit Breakers

e Air-Blast Circuit Breakers

Figure A.2 and Figure A.3 on page A-4 explain the process that occurs
for current interruption in an Air-Magnetic Circuit Breaker.

The distinctive feature of Air-Magnetic Circuit Breakers is the use of a
magnetic field to lengthen the arc and force it into a labyrinth of
insulating plates where it is stretched, dispersed and cooled by the
interleaved arc plates.

A-2
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Arc Runners ——§p

Load Terminal

Main Contacts ——p

Line Terminal/

<4—— Arc Chute

Arcing Contacts

|

Breaker in closed position.
Components shown in black
are energized.

W

2.

Arcing contacts separate
and the arc strikes.

Splitter Plates

De-energized —p

1. Main Contacts separate,
arcing contacts still closed

Arc transfers to runners. This inserts
current into the blowout coil (not shown)
The circuit develops magnetic forces.
which help force the arc rapidly into

the chute.

Figure A.2 Air-Magnetic Breaker Operation
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5. Arc transfers to splitters to form 6. Small arcs are attached into loops.
a number of short series arcs. This cools the arc and increases resistance
to a point where, at an early current zero,
the arc is quenched.

7. Current is interrupted. Visible break.

Figure A.3 Air-Magnetic Breaker Operation (Continued)
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Air-Blast Circuit Figure A.4 and Figure A.5 on page A-6 explain the process that occurs
Breakers for current interruption in an Air-Blast Circuit Breaker.

This technique is used in the circuit breakers rated up to 46 kV.

1. Cross section of a circuit breaker showing 2. The trip coil is energized and releases a
the path of current when the circuit breaker pilot air valve which allows the air to flow from
is in the closed position. the breaker tank. This air flows to the contact

chamber and displaces the interrupting contacts.

3. Air blast continues to force air past the 4. When the air travels and streams alongside
interrupting contacts as the arc is initiated. the arc, the arc is enveloped and the arc products
are directed to a cooling chamber.

Figure A.4 Air-Blast Circuit Breaker Operation
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]

E
5. As the air blast continues, the energy 6. The arc is extinguished at the end of 1/2 cycle.
of the arc is absorbed by further cooling After a time delay, the isolating contacts open.

and the dielectric strength is increased.

7. When the isolating contacts are open, the air valve
shuts off the air blast supply and the interrupting
contacts reset through spring pressure.

Figure A.5 Air-Blast Circuit Breakers Operation (Continued)

Air-Blast Circuit This technique is used in circuit breakers rated up to 36 kV; however, the
Breakers — basic principle illustrated in Figure A.6 (under normal conditions current
General carrying conductors are surrounded by compressed air) is used in circuit

breakers rated up to 765 kV.
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Compressed

Moving

Decompressed
!:] Atmospheric

When normal currents flow through the circuit
breaker, the contacts in the main and auxiliary
interrupting chambers are closed. Both chambers are
filled with compressed air.

On opening, the moving contact in the main chamber
is actuated, the blast valves open and release air from
the chamber, thus producing a double axial blast
between the contacts that extinguishes the arc and
interrupts the short-circuit current.

The auxiliary-chamber contacts open within
milliseconds after those in the main chamber. A single
or double axial blast between the fixed and moving
auxiliary-chamber contacts interrupts the resistor
current.

Figure A.6 Air Blast Circuit Breaker — General Operation
(Courtesy of GEC Alsthom T&D Inc.)
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Interruption in Oil

The heart of the circuit breaker is the arc control device. This device
brings about a condition, at the earliest instance when the current is zero
after contact separation, where the path of the resulting arc loses its
memory concerning its conducting state.

Figure A.7 shows the crossblast interrupter method, where the arc is
drawn in front of a series of lateral vents. The heat of the arc vaporizes
the oil, and the gases formed (mainly hydrogen) increase in pressure and
force the arc to bow into the vents. Before the arc can escape from the
vents, it short circuits itself at the entry point to the vents.

% 2B

Figure A.7 Circuit Breaker Interruption in Oil

N

This process continues throughout the arcing period at intervals of the
order of tens of microseconds, though these time intervals are not
constant because the relevant events both inside and outside the arc
control device are changing continuously.

Ultimately, when the pressure inside the arc control device becomes
sufficiently high, and the length of the arc is also sufficiently extended at
a power frequency of current zero, the arc is extinguished.

The arc always burns inside a bubble of gas, and this bubble extends and
expands through the vents to the outside of the arc control device. The
hot gases emerging from the vents are initially still ionized and it is
essential to ensure by correct vent design that no breakdowns occur
between the vents external to the arc control device. This is particularly
important for EHV interrupters where multiple series vent arrangements
are invariably used.

Oil circuit breakers are used up to 345 kV.
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Interruption in Vacuum

Figure A.8 gives a size comparison between a Westinghouse

10-cm-diameter vacuum interrupter rated 500 MVA (15 kV /22 kA) and
the arc chute of a Westinghouse Air Circuit Breaker of comparable rating.
(Reprinted from Reference 2. Permission granted by Marcel Dekker, Inc.)

Figure A.8 Size Comparison Westinghouse 10-cm-Diameter
Vacuum Interrupter/Arc Chute of a Westinghouse Air Circuit Breaker
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Figure A.9 gives a general vacuum interrupter operational scheme.
(Reprinted from Reference 2. Permission granted by Marcel Dekker, Inc.)

Flood Terminal \__
j &
J *:_;/—— End Shield
’
1]
¢ =
Electrodes \j 7
X [ Insulating Envelope
’ g ] A" ’ P
Shield Support — L;_
Flange ¢ b
[ ’
~
’
[ K Bellows Shield
5 pu L, """
Vapor /; ]
Condensation g 4
Shield ‘ ’ B
[ _— Bellows
£ =]
J ]
‘
1 [
Movable Terminal ——["1

Figure A.9 Vacuum Interrupter Schematic

The ambient gas pressure within the evacuated envelope is 1070 torr.
Under normal circuit conditions the interrupter is closed and contacts
butt together.

Arcing is established within the interrupter by withdrawing the movable
contact from the stationary contact. This arc burns in the metal vapor
evaporated from local hot spots on the contact surfaces. The metal vapor
continually leaves the intercontact region and recondenses on the
contact surfaces and the surrounding metal vapor condensation shield.

The shield is usually isolated from both contacts and serves to protect the
glass or ceramic envelope from vapor deposition. When the current
waveform crosses zero, vapor production ceases and the original
vacuum condition is rapidly approached with the contacts in the open
position. The circuit voltage is withstood internally by the intercontact
gap and externally by the insulating envelope.

Vacuum interrupters are currently applied in 5 through 72.5 kV circuit
breakers.
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Interruption in SFg

One of the most important electrical characteristics of SFg,

(sulfur hexafluoride) is its dielectric strength. Figure A.10 shows a graph
demonstrating the dielectric strength of SFg and N,. (Reprinted from
Reference 2. Permission granted by Marcel Dekker, Inc.)

120 $E |

110 /

- £ oil

100 i

o/

Voltage, rms, kV
-

0 H 12 13 D -

Pressure, psig

Figure A.10 60 Hz Dielectric Strength of SFg vs. N,

At any given pressure the dielectric strength of SFg is generally three to
five times that of air.

The remainder of this discussion gives the specific information on how
Double-Pressure, Puffer Type, and Self-Extinguishing SFg circuit breakers
operate.
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Double-Pressure Figure A.11 shows the structure of a Double-Pressure SF¢ Circuit Breaker
SF¢ Circuit Breakers (Reprinted from Reference 2. Permission granted by Marcel Dekker, Inc.).

Figure A.11 Double-Pressure SF, Circuit Breaker Operation

This is the early design of SF¢ Circuit breakers. Its operation is similar in
principle to that of Air-Blast Circuit Breakers: It is comprised of mainly a
high-pressure metal reservoir, where most of the SFg is kept, and an
interrupter compartment containing the circuit breaker contacts,
surrounded by SF¢ at lower pressure. For the current breaking operation,
the circuit breaker contacts part while the high-pressure gas is released
from its reservoir to the interrupter compartment, where it blows out the
arc. After the current interruption, the gas is pumped back to its reservoir.
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Self-Extinguishing Figure A.12 shows the structure of a Self-Extinguishing SF¢, Circuit
SF¢ Circuit Breakers ~ Breaker. (Reprinted from Reference 2. Permission granted by Marcel

Dekker, Inc.)
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Figure A.12 Self-Extinguishing SF¢ Circuit Breaker Operation

The interrupting chamber is divided into two main compartments; one is
the arc compartment. Both have the same gas pressure, about 5 atm,
while the circuit breaker is closed. When the circuit breaker is being
opened, the contacts separate and an arc is drawn between them. The
heat generated by the arc heats the gas in the arc compartment and
rapidly increases its pressure. The gas blasts from the arc compartment to
the other compartment. This rapid expansion cools the arc column and
extinguishes it at a current zero point. A third compartment (not shown)
is incorporated to augment the gas pressure while interrupting smaller
currents. Using this arrangement, the arcing time is independent of the
current magnitude; and the currents are interrupted at their natural zero.
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Puffer-Type SFg¢ Figure A.13 shows the structure of a Puffer-Type SF¢ Circuit Breaker

Circuit Breakers (courtesy of Mitsubishi Electric). These circuit breakers are sometimes
called single-pressure or impulse-type circuit breakers. Circuit breakers
of this type are applied in 765 kV range.

Fixed Main Contact
Fixed Arcing Contact

Nozzle

Moving Arcing Contact Moving Main Contact

Puffer Cylinder

Contact

Piston

Interrupting Principle

Closed Position

Figure A.13 Puffer Type SF¢ Circuit Breaker Operation

The SF¢ gas in the cylinder is compressed by the downward movement of
the cylinder and is forced into the nozzle area where the arc is drawn
between the stationary arc contact and the moving arc contact. The
nozzle concentrates the gas flow to the area of the arc, resulting in very
effective arc extinction.
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Live Tank vs. Dead Tank

In the dead-tank design, shown in Figure A.14, the interrupting elements
are enclosed in a grounded metal tank and the line and bus conductors
enter the interrupting chamber through entrance bushings.

Bus —4—o —— w» Line

3 Current 3
Transformers

p===p

g g

Figure A.14 Dead-Tank Circuit Breaker Schematic

In the live-tank design, as shown in Figure A.15, the circuit breaker
interrupters are mounted in a container at line potential and are insulated
from ground potential using porcelain insulating columns. The major
advantage of the live tank is its lower cost, especially at a higher voltage
rating.

A major disadvantage is that it requires externally mounted current
transformers, which are more expensive and require more substation
space than bushing current transformers.

Line

| ch
B o jirl

Main Current
Transformers

Figure A.15 Live-Tank Circuit Breaker Schematic

- - eVv. -
AN 70A-1898 Rev. A 11/01 A-15
AN



Transient Recovery Voltage

Transient Recovery Voltage

Figure A.16 shows the Transient Recovery Voltage scheme. (Reprinted
from Reference 2. Permission granted by Marcel Dekker, Inc.)

When the current through the circuit breaker is interrupted, the entire
system adjusts to its new operating state. The voltage transients produced
separately by the left subsystem, V| (t), and the right subsystem, Vg(t),
stress the recently conducting arc plasma. The transient recovery voltage
(TRV) is defined as the difference between the voltage on the left and
right sides of the circuit breaker.

eaker ¢ g
L Subsystem

V|_(t) ‘ ‘ VR(t)

LI ETTr Il 7777

TRV= | V() " VR

Definition of transient recovery voltage.

TRV components.

TRV(t)

0 t

Figure A.16 Transient Recovery Voltage Scheme

When the basic interrupter of the circuit breaker does not meet the
interruption requirements, auxiliary devices, including an insertion
resistor, shunt capacitor or open-gap grading capacitor, are used to
modify the TRV.
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Insertion Resistor Figure A.17 shows how an insertion resistor is used to modify the TRV
(courtesy of ABB Power T&D Company, Inc.).

Main
Contact

___ Insertion
- Resistor

Auxiliary
Contact

Figure A.17 Transient Recovery Voltage: Insertion Resistor Operation

Many circuit breakers, especially those used in transmission circuits,
employ resistors for operation. They were originally used during opening
operations and still, if present, provide a useful function at these times.

Such resistors serve one of two functions: In a multibreak circuit breaker
they are used to help to distribute the transient recovery voltage more
uniformly across the several breaks. They can also be used to reduce the
severity of the transient recovery voltage at the time of interruption by
introducing damping into the oscillation. When the fault current has
been switched by S,, a remaining current flows through R. This must be
interrupted subsequently by opening the auxiliary interrupter Sj.

The primary use of the resistors in modern circuit breakers is to reduce
voltage transients on closing. If the source is stiff, a high percentage of the
source voltage is impressed across the line at the time the circuit breaker
closes to energize a transmission line. If the line is open at the far end, or
terminated in a load such as an unloaded transformer which has a high
surge impedance, the wave essentially doubles at the far end. Such high
switching surges put severe stress on components at that location, and
led to the introduction of transmission circuit breakers with closing
resistors that are pre-inserted at the time of line energization. Switch Sy is
closed first; the voltage across it is shared by R. The voltage impressed on
the line is reduced by the factor ZyR+Z, and all the waves generated as a
consequence are correspondingly reduced. The switch, S,, is closed a
short time later, after the surges on the line have subsided.
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Transient Recovery Voltage

Shunt Capacitor

Open-Gap Grading
Capacitor

S c
l

. S
o ]%Q - §

Figure A.18 shows how a shunt capacitor is used to modify the TRV
(Courtesy of ABB Power T&D Company, Inc.).

A shunt capacitor is connected across the phase-to-ground voltage. This
has no effect on the magnitude of the recovery voltage but does affect the
initial rate of rise of the transient voltage.

d -

TRV
Shaping
Capacitor

Figure A.18 Transient Recovery Voltage: Shunt Resistor Operation

Figure A.19 shows how an open-gap grading capacitor is used to modify
the TRV (courtesy of Mitsubishi Electric).

A capacitor is applied across the open contacts of a circuit breaker. Most
multibreak circuit breakers use grading capacitors across the contacts to
obtain the proper voltage division for interruption and surge voltage
control.

The grading capacitor acts the same as a shunt capacitor in affecting the
initial rate of the transient voltage.

v
N
=

Figure A.19 Transient Recovery Voltage:
Open-Gap Grading Capacitor Operation
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Gang Operation vs. Independent Pole Operation

Gang operation is a term used for a circuit breaker mechanism that
operates all three poles together.

As the voltage level increases, the separation between the phases also
increases in order to maintain the necessary distance for dielectric
strength. It is very difficult using gang operation to maintain contact
synchronism. The length and the mass of the interconnecting rod also
becomes a problem. Therefore, multiple single pole operators are used in
most circuit breakers above 345 kV.

When a high voltage circuit breaker consisting of three single pole
operators is used (Independent Pole Operation), it is necessary to employ
a phase disagreement circuit to eliminate the possibility of having one or
more phases closed while one or more phases are open.

Single phase tripping and reclosing for single phase-to-ground faults may
be used in a circuit breaker with Independent Pole Operation. Power can
be transmitted in the two unfaulted phases, while the third phase
interrupts the fault and then recloses to restore the circuit. If the reclosing
is not successful, the other two phases must be opened. This scheme may
aid in maintaining system synchronism and stability in addition to
maintaining power flow.
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Circuit Switchers and High-Current Generator Breakers with Isolating Contacts

A circuit switcher is an outdoor switching device which incorporates an
interrupter and knife blade. This combines the functions of a circuit
breaker and a disconnect switch. Although more limited in application
than a circuit breaker due to, for example, lower interrupting ratings, they
are an economical solution when higher ratings are not required.

Circuit switchers employ SFg, vacuum, or other types of interrupters to
break a circuit, and either the interrupter or the knife blade to make the
contact. Models with more than one gap can utilize voltage-grading
resistors. The interrupter/knife blade combination is mounted on a
disconnect switch structure, while the center insulators of each phase are
linked mechanically with an interphase pipe that simultaneously rotates
them in the same way as a disconnect switch. The sequence of operation
varies with the type of circuit switcher.

Figure A.20 presents an example where the interrupter does the circuit
breaking and the knife blade does the circuit making.

Closed
l Load Open

Closed

5

Figure A.20 Circuit Switcher Operations
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Both the blade and the interrupter are closed, carrying current. When
activated, the interrupter opens, breaking the current, while the blade is
still closed. The blade then opens for full visual confirmation of circuit
isolation. On closing, the blade is rotated closed, while the interrupter is
still open. The final closing of the blade activates the mechanism, closing
the interrupter.

Some circuit breakers have isolators (#6, Figure A.21) in conjunction
with their main interrupting contacts (#1,Figure A.21) as well as arcing
contacts (#2, Figure A.21) and auxiliary arcing chambers. The BBC DR
36 is such a circuit breaker. Because the main, arcing and resistor
chamber contacts all have distinct timing characteristics, it is necessary
to use a timing device which allows for several different sets of contact
timing specifications.

) ]
[/ N\

Figure A.21 Circuit Breaker with Isolating Contacts
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Understanding Contact Measurement

Figure A.22 displays a typical circuit used to monitor contact status.

75
Both Main contact and bk
resistor switch open. ::2 k
To another ] -‘-‘;)ekv N (Y
measuring {20 V() =
module. -#—— C> T4 t/ W \
5‘:‘2 75 Q
y¥y
00 75Q
Main contact open, L2k I
Resistor Switch closed. 551 6V 10V
By XV 6k .
T
2O 3, VN
22 k# 2750
+ Y
01 75 Q
Both Main contact and Lok o
Resistor switch closed. 26V oV
- ok L
+ - 1
IO g, V¥
L2 -
=z {B’} 2750
vy v
1"
Figure A.22 Contact Monitoring
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The source voltage (20V) is applied across the voltage divider comprised
of the contact assembly and the internal resistor (75 Ohm). This voltage
divider determines the contact voltage signal, which depends on the
status of the contact assembly. The contact voltage signal is compared
with a scaled replica of the source voltage. The output of the comparator
depends on the relationship between inputs, as shown on Figure A.23.

1

V] > V) 0

Figure A.23 Voltage Comparator Output

Figure A.24 shows how changing the contact assembly status (both open,
Main Contact open-resistor switch closed, both closed) changes the
contact voltage signal applied to the input 1 of the comparators, which
results in different combinations of the outputs. These different
combinations of output signals are further interpreted to assign a
corresponding status to the contact assembly.

11

01 Both closed.

00 Main contact

Both open.  open, Resistor
switch closed.

Figure A.24 Effect of Contact Assembly Status on Output Voltage
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Due to the physical geometry of a multiple module Live Tank Circuit
Breaker, there is a stray capacitance-to-ground present in each Circuit
Breaker head. Additional capacitance is added by the measurement
cables attached to the circuit breaker. Figure A.25 shows Cq, Cy, C3 as
the total capacitances-to-ground present during the measurement. These
typically are 4000 to 8000 pF.

Ren A
VW S, '\.L: r~H—---
) Cy ! !
A ]
1 I I
_&_’ To Contact #1 I \ I
i" 2 programmable I \ I
= |1 digital | |
3 & discriminator | % 1
= ERE
— .
® re—
] o, ommon “|__ |_
2 | !
To H I
1 programmable Contact #2 I [\ !
2 digital I I
1 discriminator I ) I
| I
| 1
L 1
W a_
g2 B C &
* A

T

Frame of the
Instrument

Figure A.25 Capacitance-to-Ground for a Circuit Breaker
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Figure A.26 shows what happens when the diagram is simplified and

analyzed at the moment when contact #2 closes and contact #1 is still
open.

O, §°

Contact #1 Contact #2

B C A
L -y - - —_T
1 1 h
[— H [ i
!.F'-"v\ II|I'

_.L\‘“—"__

C = —

T ;Lr T

Figure A.26 Capacitance-to-Ground:
Contact #2 Closed, Contact #1 Open

When contact #2 closes, the potential at point A goes from +V; to zero.

Consequently, to simplify the analysis, replace the closing of contact #2
with a voltage source, which represents a step-down function.

Excluding the Instrument power supply (S) from the circuit, since it has

no effect on the transient process, and redrawing the diagram, it appears
as shown in Figure A.27.

Gy
| £

' C% 1 € ' *

Figure A.27 Capacitance-to-Ground:
Contact #2 Closed, Contact #1 Open (Simplified)
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When contact #2 is still open (step-down voltage is not applied to

point A), all capacitors are charged according to the circuit parameters
(C, in series with C4//C5 — see Figure A.26 on page A-25). As soon as the
step-down voltage is applied, the capacitors discharge (Cy in series, with
C,//C3) and due to the current through Rg1, the voltage at point B drops.
When the discharge process is completed, and the capacitors are
charged according to the new circuit condition, the potential at point B
returns (no current through Rg1).

The voltage at point B is monitored by the comparators that follow the
open-to-close transition of contact #1. The temporary voltage drop can
be misinterpreted as a change in the state of contact #1. This
phenomenon results in cross-talk between the contact operation
measurement channels. The cross-talk occurs within the module and
between all the modules in a phase. It produces erroneous contact state
transition information.

Although it is desirable to distinguish between real contact activity and
cross coupled signals with 2 ps resolution, this is neither a practical nor
realistic task because fast contact bounces and cross-talk appear as
identical events. The cross-talk is dealt with by using a Digital
Discriminator.

The Digital Discriminator is a digital filter circuit located on each
channel of the Main Contact Board. The device is located downstream of
the comparator circuit, and qualifies the data before it is stored in
memory. The Digital Discriminator operates upon any type of contact
activity, and qualifies both Main Contacts and resistor switch data.

The filter time can range from 4 to 100 us and is set by the Test Plan in
2 us increments.

The Digital Discriminator circuit is triggered when a bounce is first
detected, and sets up a window in time equal to the Filter Time. Bounces
with durations equal to or greater than the Digital Filter Time are passed
through and stored in memory as valid contact data, while bounces with
durations less than the Filter Time are rejected and not recorded. The
TDR9000 does, however, flag these events so they are not used when
calculating the resistor value.
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Contact Penetration, Insertion, and Wipe

The main distinction between the contact penetration, sometimes
referred to as contact insertion, and the contact wipe is that the first is
obtained through mechanical measurement and the second through
electrical measurement.

The value of contact penetration is obtained as follows: with the circuit
breaker closed, a mark is made on the moving contact as shown in
Figure A.28.

Figure A.28 Contact Penetration Value Preparation

With the circuit breaker open, the distance between the mark and the top
of the moving contact is measured as shown in Figure A.29. This distance
is the value of contact penetration or contact insertion.

—

Penetration

Figure A.29 Contact Penetration Measurement
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During the measurement of contact wipe, the measurement starts when
the moving contact makes an electrical contact with the stationary
contact and ends when the moving contact stops (Figure A.30).

Measurement J S

starts

Figure A.30 Contact Penetration Measurement Endpoints

Figure A.29 on page A-27 and Figure A.30 show that due to the chamfer
on the moving contact, the mechanical and electrical measurements may
yield different results.

Before the manufacturer’s specification is used, it is important to know
how this value is obtained. If the only specification available is the result
of mechanical measurement, the benchmark for future trending analysis
should be obtained using the TDR9000.

TDR9000™" TRXField" Software and Test Plan Dynamics

The main body of this guide explained the procedures for operating the
TDR9000, including the mechanics for creating or using existing Test
Plans. This section describes the effect that changing Test Plan fields has
on running a test. It does so by relating individual Test Plan items to the
physical components they affect in the field.

TRXTM/TRXFieIdTM and the Circuit Breaker Test Plan

The TRX software, comprised of TRX and TRXField, facilitates the
creation of Circuit Breaker Test Plans, analysis of test data, and storage of
Circuit Breaker test data. The TDR9000 operates using only the TRXField
portion of the software. The Test Plan can be created using either of these
programs and is the key to simplifying circuit breaker testing. By creating
a Test Plan, the time-consuming work of entering repetitive circuit
breaker ID information and test parameters is eliminated. Once this data
has been entered, it is saved in the Test Plan on a floppy diskette for reuse
|later.
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General Test Plan The two areas of functionality used to configure the TRXField Test Plan
Functionality are the:

e TRXField menu bar
e Right-click menu
TRXField™ The TRXField menu bar is shown in Figure A.31.

Menu Bar

File “iew Help

MEEEEREE]

| TestFlan lTDRSDDD' EditSEecs. | Test Results' Graihics|
4 hid ) al

Figure A.31 TRXField"" Menu Bar

The menu items include:
File
e New Test Plan
A blank Library test Plan appears.
* Open

An Open window appears from which existing Test Plans or
Test Results are opened. Refer to “Tab Navigation” on page 3-5
for more information.

e Save

A Specify File Type dialog box appears and a TDR9000 file or
TR3000 file is created. Refer to "Saving Test Results/Test Plans”
on page 4-95 for more information.

e Overlay Graphics

A dialog box appears where the Graphics tabs for Test Result files
of similar type can be overlaid. This item is only active when a
Test Result file is open. Refer to the TRX User’s Guide for more

information.

® Print
Refer to "Printing Test Results” on page 4-100 for more
information.

e Exit
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View

Toolbar
Status Bar
TRX Options

The TRX Options window appears (Figure A.32). Its options
include:

Autosave Enabled

For a TDR9000, causes the computer running TRXField to
automatically save the Test Results to the last directory
accessed.

Display Time in Cycles

Displays time in cycles by default rather than in milliseconds.
This can be changed temporarily when viewing results.

50 Hz System

Calculates Test Results based on 50 Hz instead of 60 Hz
(default).

Automatic Print Orientation

Automatically prints graphics in landscape format; Test Plans
and Tabulated format Test Results are printed in portrait
format.

Default Test Recording Length

Sets the user-preferred length for recording. This also
implicitly sets the sampling rate. This is the default and can be
change elsewhere in the program for individual instances.

Report Language

Sets the default language for use on the Tabulation tab. This
also dictates what language is used for printing. This is the
default and can be change elsewhere in the program for
individual instances.

Pass/Fail tabulation text

Enables the use of words other than Pass and Fail to rate Test
Results. If these fields are blank, then they are also blank in
the compare fields when viewing Test Results in the Tabulated
format.

A-30
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1. Access the TRX Options window by:
e Selecting TRX Options from the View menu.
or

e Clicking the Options button.

[~ Auto Save Enahled

Sets the instrument to automatically sawve test results files after

eveny breaker test. Cancel |
Savein: o e |

I~ Display time in cycles
Default Graphics and Tabulations display time in cycles for new
test plans.

[~ 50 Hertz system (B0 Hertz defaul)

For Graphics and Tabulations time calculations.

¥ Automatic Print Crientation

Graphics printin Landscape, report in Partrait.

IV Use TDRS000 Instrument

Default Test Recording Length "Pass" tabulation text.
|1ann ms v IPaSS
Feport Language "Fail" tabulation text.

[English =l |Fail

Figure A.32 TRX" Options

2. Modify the settings as needed and click OK.
Help

e Help Topics

e About TRXField
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L

Right-Click
Menu

NOTE

The right-click menu contains functionality dictated by whether a Test
Plan or a Test Result is in use. For a Library Test Plan (Figure A.33), use
the Right-Click Menu to:

e Open the Test Plan parameters for editing
e Open the Properties window
e Select the language in which the Test Plan appears

Portuguese is under development. Save Changes is available once the
Test Plan is modified.

Save Changes
Edit
Propetties
English
Frangais
Espariol
Portugués

Figure A.33 Right-Click Menu: Test Plan

For a Test Result (Figure A.34), use the Right-Click Menu to:

¢  Move between Test Result tabs

Open the Test Plan parameters for editing

Open the Properties window
Select the language in which the Test Plan appears

Test Plan
Tabulation

Edit Specifications
Propetties

English

Frangais

Espariol
Portugués

Figure A.34 Right-Click Menu: Test Result

A-32
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Test Plan Items

Nameplate
Parameters

NOTE

Required
Information

NOTE

The discussions that follow explain each Test Plan item and its effect on
the system.

Figure A.35 shows the Nameplate portion of the Test Plan. There are two
areas:

e Required Information
e Optional Information

In the Required Information area, only the Model Number is required.
Doble recommends that all the Required parameters be entered.

Fequired Information

Information Reguired for Library Plans Information Reguired for Breaker Plans

tanufacturer Alsthom Location
Model Mumber 0STGE-250A Special Id
Yersion Description Serial Mumber

Optional Information

Inst. Book Mumber Operatar
Mech. Number Circuit
Mech. Book Number User
Operation Counter User2

Figure A.35 Nameplate Parameters

Manufacturer
Model Number
Version Description

This is selected from a pulldown list.
This is selected from a pulldown list.
A user-entered field.

Location This is selected from a pulldown list and is a
combination of the Manufacturer and Model
Number fields.

The location, model number and manufacturer lists are contained in the
Location.tab, ModelNumber.tab, and Man Name.tab files in
c:\Program Files\Doble\TRXField directory and they can be edited
using any text editor.

Special ID User-entered fields.

Serial Number

AN 70A-1898 Rev. A 11/01 A-33
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Optional
Information Inst. Book Number User-specified fields, for entering additional
Mech. Number breaker information.
Mech Book Number
Operation Counter
Operator
Circuit
User 1 and User 2
Command Figure A.36 shows the Command Parameters.
Parameters
Command Farameters
Trip Current Range 100.0 A Close Current Range 20.0 A Timing Measurement. Secands
Tnp Parameters Trnp-Free Farameters O-C-0 Parameters
Trnp Fulse 666 ms| Close Pulse 1333 mg| O-C-O Standing
Trip Free  Standing Trip Fulse 666 ms
Close Pulse 1333 ms
Delay Length 1133 msg
Close Parameters Feclose Parameters Trigger Input Parameters
Close Pulse 1333 ms| Trip Pulse B6.6 ms| Trigger Source Mone (Intermal)
Feclose Standing
Timing Event Test Initiation
Trigger Output Parameters hain Contact Digital Discriminator | Test Duration Parametars
Trigger State: Off Digital Discriminator:. Auto Fecording Length: 1600 ms
Sample Rate: 10 kHz
Figure A.36 Command Parameters
A-34
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Device Timing These parameters apply to the tests overall. Restrictions are discussed

Parameters individually.

Delay Length:

Delay Length and Delay 1 Length/Delay 2 Length

Delay Length is the length of time after the
inception of running a test before the test
condition, for example a trip pulse, is
implemented.

Delay 1 Length sets the time for a first test
condition to be implemented.

Delay 2 Length sets the time, for those tests where
it is applicable, such as an O-C-O test, for a second
test condition to be applied.

Each of these choices activate the Trip, Close, and
Delay 1 and 2 fields as listed in Table A.1.

Table A.1 Delay Command Parameters

Test Type

Command Parameters

Reclose (O-C)

Standing

Trip Command

Delay

Trip Command
Delay 1 (Close Command)

Trip Free (C-O)

Standing

Close Command

Delay

Close Command
Delay 1 (Trip Command)

Contact 1 Make

Close Command

O-C-O

Standing

Trip Command
Close Command
Delay 2 (Trip Command)

Aok e 72A-1898 Rev. A 11/01
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Table A.1 Delay Command Parameters (Continued)

Test Type

Command Parameters

Delay

Trip Command

Close Command

Delay 1 (Close Command)
Delay 2 (Trip Command)

Contact 1 Make

Trip Command
Close Command
Delay 1 (Close Command)

Timing Measurement

Timing Frequency

Either seconds or cycles can be selected for the
time base.

Either 50 or 60 cycles can be selected as a base for
the second/cycles conversion.

NoTE The Timing Frequency is set on the TDR9000 Virtual Front Panel or

' from the TRX Options window opened from the TRXField View menu.

A-36
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Trip/Close Range
Selection
Currents

Trip Pulse
(Timing)

Close Pulse
(Timing)

NOTE

The following ranges are available:
* Trip Current Range: 0-2; 0-5; 0-20; 0-100 A
e Close Current Range: 0-0.2; 0-1; 0-5; 0-20 A
The trip pulse is adjustable in 1/10 ms increments. Select a pulse length

that is long enough to allow the X relay to drop out and de-energize the
coil.

The trip pulse is:
® 66.6 msat 60 Hz
e 80 msat50Hz

Select a trip pulse length that is long enough to allow the A switch to
de-energize the trip coil.

The close pulse is adjustable in 1/10 ms increments. Select a close pulse
length that is long enough to allow the X relay to drop out and
de-energize the close coil.

Main Contact timing tabulation can be initiated from the following
timing event selections:

e Test Initiation (TO)

e Close Current

* Analog

¢ AUX Contact

Changing the Close Timing Event only affects the tabulated test results
for a Close test.
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Test Initiation ~ Timing a Close test from test initiation is achieved using the Close Pulse

and Timing Event parameters (Figure A.37).

Close Parameters

Close Pulse

133.3 ms.

Timing Event Test Initiation

Figure A.37 Close Parameters

The default values for the Close Pulse are:

e 133.3 ms for 60 Hz
e 160 ms for 50 Hz

Figure A.38 shows how timing works for test initiation. The times, t; and

ty, indicate the following:

t The time required to close the Main Contact.
The close time is measured from the test initiation.

ty The time required to close the resistor switch.
The close time is measured from the test initiation
(if the TO option is selected in Resistor Switch

Timing Specification, see "Resistor Switch
Timing — Close” on page A-77).

.~ -
|
I 4 [
e
0 10 20 30 40 50 60
Time (ms)  |........, [P [ [ (TR [ I
Figure A.38 Close Time
A-38 72A-1898 Rev. A 11/01

goble)



TDR9000™ Circuit Breaker Test System User’s Guide

Close Current  Timing a close test based on close current magnitude is achieved through
Magnitude  a combination of the Close Pulse, Timing Event and Timing Trigger
parameters (Figure A.39).

Close Parameters
Close Pulse 133.3 ms.

Timing Event  Close Current
Timing Trigger 30% Full Scale

Figure A.39 Set Magnitude of Close Current

The timing trigger value is set as a percentage of full scale current (of the
range selected) and is adjustable in 10% increments.

The selection made calculates the timing of the Main Contact (t,) and
resistor switch (t;) (Figure A.40 on page A-40) after the close current
reaches 30% of the selected full scale for the close current range if the TO
option is selected in "Resistor Switch Timing — Close” on page A-77.

It is important to select the current range (“Current Selection
Probe/Shunt” on page A-68) and percentage of the full scale so that the
value selected in Timing Trigger is less than the maximum value of the
close current.
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If, in the example shown in Figure A.40, the range selected was 20 A
instead of 5 A, then 30% FS = 0.3 X 20 = 6 A, which is a value that close
current never reaches. Consequently, the Instrument will not record any
time in the tabulations.

Close Current
30% FS=3X5=15A

Amps

0 10 20 30 40 50 60
Time (ms) L....._.. | I ... l...... ... [ |

Figure A.40 Close Timing from Close Current Measurement

Analog:  Timing a close test based on current/voltage magnitude for a particular
Current/Voltage ~ channel is achieved through the combination of the Close Pulse, Timing
Magnitude  Event, Timing Trigger, Timing Channel parameters (Figure A.41).

Close Parameters
Close Pulse 1333 ms
Timing Event  Analog

Timing Trigger 50% Full Scale
Timing Channel 5-41

Figure A.41 Set Magnitude of Analog Measurement
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The selection made calculates the timing of the Main Contact (t,) and
resistor switch (t;), after the measurement by the designated channel
reaches 50% of the full scale current selected for that channel

(Figure A.42) if the TO option is selected in ”"Resistor Switch

Timing — Close” on page A-77. The measurements in Figure A.42 were
calculated using an external current probe with a selected range of 20 A.

20

t -

0 10 20 30 40 50 60

Figure A.42 Close Timing from Current Measurement

If external shunt is used, let us say 5 V = 100 A, then the timing starts
when the shunt output reaches 2.5 V which corresponds to 50 A.

- - eVv. -
AN 70A-1898 Rev. A 11/01 A-41
AN



Test Plan Items

AUX Contact
Transition

Figure A.43 shows an example for voltage, where the selection made
calculates the timing of the Main Contact (t,) and resistor switch (), after

the voltage controlled by the designated channel reaches 70% of the full

scale selected for that channel, if the TO option is selected in “Resistor
Switch Timing — Close” on page A-77.

---1-

170 A

200

Volts

———

70%FS=0.7x200 =140V

|9)

b

0 10 20 30

Figure A.43 Close Timing from Voltage Measurement

Timing a Close test based on the transition of a contact for a particular
channel is achieved through the combination of the Close Pulse, Timing
Event and Timing Channel parameters (Figure A.44).

Close Parametars

Close Fulse

Timing Channel 5-C1

Timing BEvent  Aux Contact

133.3 ms.

Figure A.44 Set Contact Channel

A-42
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The selection made calculates the timing of the Main Contact (t,) and
resistor switch (t7) (Figure A.45), after the first transition of the auxiliary
contact, measured by channel 5-C1 in the TDR900O0, if the TO option is
selected in "Resistor Switch Timing — Close” on page A-77.

Channel 5-C1 Closed
Open Dry |
Open Wet
8] I

. 0 10 20 30 40 50 60
Time(ms) | e ]

Figure A.45 Transition of Contact

Trip Free The close pulse and the delay length are adjustable in 1/10 ms

Parameters (C-O)  increments.1/2 Cycle

The following options are available for the trip initiation command:
e Standing
e Delay
e Contact 1 Make

Standing  The trip pulse is applied 8.33 ms (1/2 cycle) for 60 Hz (10 ms for 50 Hz)
after the close pulse and continues for the duration of the test

(Figure A.46).
NoOTE If the 1/2 cycle delay must be eliminated, the Trip-Free test with delay
| option set to 0.0 ms should be used.
o

Trip-Free Farameters

Close Fulse 133.3ms.
Trip Free  Standing

Figure A.46 Trip Free Standing

The default Close Pulse value is:

e 60Hz-133.3ms
e 50Hz-160ms

AN 70A-1898 Rev. A 11/01 A-43
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Delay

Figure A.47 shows how the Standing Trip command is delayed.

_.
~

-
o]

—<
o
©

d

Close COMMANG  e—

Trip Command

Figure A.47 Trip-Free Standing Operation

The trip pulse is applied after the specified time delay (0.0 to 1600 ms),
and continues for the duration of the test (Figure A.48).

Trip-Free Farameters

Close Pulse 133.3 ms.
Trip Free Delay
Delay Length 5.3 ms.

Figure A.48 Trip-Free Delay

The delay length default value is 8.3 ms.

Figure A.49 shows how the Trip command is delayed.

Close Command

Trip Command

]
| 66.4
1Dela

Figure A.49 Trip-Free Delay Operation

A-44

72A-1898 Rev.A 11/01 ¢

;



TDR9000™ Circuit Breaker Test System User’s Guide
L]

Contact 1 Make  The trip pulse is applied when contact monitoring channel #1 (which is

usually connected to contact #1 in Phase A) senses that the Main Contact

is closed. The Trip pulse continues for the duration of the test
(Figure A.50).

Trip-Free Farameters

Close Fulse 133.3ms.
Trip Free  hake 1 Contact

Figure A.50 Trip-Free Contact 1 Make

Figure A.51 shows how the Trip is started when Contact 1 makes a first
pulse touch.

Close Command I
Trip Command —!
1

A-EHV 1 —

. 0 20 40 60 80 100 120
Time (Ms) |, 0o Leeeeee e L Lo L L |

Figure A.51 Trip-Free Contact 1 Make Operation

Reclose

The pulse and delay length are adjustable in 1/10 ms increments.
Parameters (O-C)

The following options are available for the close initiation command:
e Standing
e Delay

The close pulse default values are:

e 60Hz-66.6ms
e 50Hz-80ms

AN 70A-1898 Rev. A 11/01 A-45
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Standing

NOTE

Delay

The close pulse is applied 8.33 ms (1/2 cycle) for 60 Hz (10 ms for
50 Hz) after the trip pulse and continues for the remainder of the test
(Figure A.52).

If the 1/2 cycle delay must be eliminated, the reclose test with the delay
option set to 0.0 ms should be used.

FReclose Farameters

Trip Pulse B6.6 ms.
Reclose Standing

Figure A.52 Reclose Standing

Figure A.53 shows how the Standing Close command is delayed.

1/2 Cycle
I

|
|

Trip Command

Close Command

Figure A.53 Reclose Standing Operation

The close pulse is applied after the specified delay time (0.0 to 1600 ms)
and continues for the duration of the test (Figure A.54).

Feclose Parameters

Trip Pulse BBE ms.
Feclose Delay
Delay Length 8.3 ms.

Figure A.54 Reclose Delay
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The delay length default value is 8.3 ms.

Figure A.55 shows how the Reclose Delay works.

Trip Command —
———
1
Close Command | 66.4
| Delay

Figure A.55 Reclose Delay Operation

O-C-O To run an O-C-O test, the time period between the end of the first trip
and the initiation of the second trip must be equal to or greater than
55 ms. The 55 ms requirement is based on the pickup and dropout time
of the TR3000’s relay, which allows the SCR inside the Instrument to
initiate the command pulse. To maintain plan compatibility, these limits
are maintained for the TDR9000.

The following options are available for the close command initiation:

e Standing
e Delay
e Contact 1 Make

Standing A trip command of a specified duration (8.0 to 1600 ms) is applied to the
circuit breaker at time zero (Figure A.56). A close command of a
specified duration (8.0 to 1600 ms) is applied 1/2 cycle (8.3 ms for 60 Hz
and 10 ms for 50 Hz) after the initiation of the trip command. The second
trip command is applied to the circuit breaker delayed by a specified
time interval (Delay) after the initiation of the close command and is left
on for the remainder of the test.

O-C-0 Parameters

0-C-0 Standing

Trip Pulse BBE ms.
Close Pulse 133.3 ms.
Delay Length 1133 ms.

Figure A.56 O-C-O Standing
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Trip Pulse
Close Pulse

Delay

Delay

The delay value is calculated as follows:

For 60 Hz
For 50 Hz

The default values are:

Delay > 55 ms + (Trip pulse — 8.3 ms)
Delay > 55 ms + (Trip pulse — 10 ms)

60 Hz 50 Hz
66.6 Mms 80 ms
133.3 ms 160 ms

55 ms + (66.6 ms — 8.3 ms) = 113.3ms

55ms + (80 ms—10ms) =125 ms

Figure A.57 shows how the O-C-O with a Standing Delay works.

Trip Command

Close Command

delay -
—

Figure A.57 O-C-O Delay Operation

A trip command of a specified duration is applied to the circuit breaker
at time zero (Figure A.58). A close command of a specified duration is
applied to the circuit breaker delayed by a specified time interval

(Delay 1 Length) after the initiation of the trip command. The second trip
command is applied to the circuit breaker that is delayed by a specified
time interval (Delay 2 Length) after the initiation of the close command,
and is left on for the remainder of the test.

O-C-0 Parameters

0-C-0

Trip Pulse
Close Pulse
Delay 1 Length
Delay 2 Length

Delay

GB.B ms)
1333 ms.
550 ms)
GB.B ms)

Figure A.58 Reclose Trip Delay
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The Instrument does not impose any special restrictions on Delay 1
Length, however, the following formula is useful:

Delay 1 Length < 55 ms + Trip Pulse
The default value is:

55 ms
The Delay 2 Length can be calculated as follows:

Delay 2 Length > 55 ms + (Trip pulse — Delay 1 Length)
The default value is:

Delay 2 Length = 55 ms + (66.6 ms — 55 ms) = 66.6 ms
Figure A.59 shows how the O-C-O Delay works.

g’
; delay2 = =

Trip Command s

Close Comman(  =—le— \—

i delay 1
g

Figure A.59 Reclose Trip Delay Operation

Contact 1 Make A trip command of a specified duration is applied to the circuit breaker at
time zero (Figure A.60). A close command of a specified duration is
applied to the circuit breaker delayed by a specified time (delay) after the
initiation of the trip command. The second trip command is initiated
when electrical closure is first detected on the Main Contact channel #1
(usually connected to contact #1 in Phase A) and is left on for the
duration of the test.

O-C-0 Parameters

0-C-0 bdake 1 Contact

Trip Pulse BBE ms.
Close Fulse 133.3ms.
Delay Length 121.6 ms.

Figure A.60 O-C-O Contact 1 Make
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The delay can be calculated as follows:

Delay > Trip Pulse + 55 ms
The delay default value is 66.6 ms + 55 ms = 121.6 ms
Figure A.61 shows how the O-C-O Delay works.

Trip Command | |
Close Command —,_—

. 0 10 20 40 60 80 100
Time (ms) |........ bovenn ... Looon.... Looo..... | Lo.o...... |

Figure A.61 O-C-O Contact 1 Make Operation

If the delays for any of the options described are selected improperly, a
message similar to Figure A.62 appears.

TRX Test Plan Emors

The test plan cannot be saved. The following emors have been detected.

Select 0K ta fix the test plan,

0-C-0 - Contact Make delay for the second pulse must be above 55 ms + Trip pulse. ;I
-]

Figure A.62 O-C-O Setup Error
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Trigger Input This feature enables the user to operate a circuit breaker using an
Parameters external trigger, such as a command from a remote control room, instead
of the Run Test button.

There are three Trigger Source conditions:

None (Internal) Test recording is triggered internally, and accepts
no external trigger inputs. The Instrument controls
the circuit breaker using the Trip/Close module.

AUX Contact An input that comes in through an Auxiliary
Contact triggers the test and is assigned to be
recorded on a designated channel of the Event
module (Figure A.63). The Trip/Close module is not
used for this test. The trigger can be one of four
types:

e Open to Close
e Close to Open
e Volts On to Volts Off
e Volts Off to Volts On

Trigger Input Farameters

Trigger Source Aux Contact
Trigger Ewent  Onto Off
Fre-trigger: 0.0 ms|
Trigger Channel 5-C1

Figure A.63 AUX Contact Trigger Parameters

NoTE The AUX Contact Trigger In channel is designed to work in a substation
| using station battery voltages of 48 VDC or higher. Voltages less than
H 48 VDC may not meet the threshold requirements of the Volts On state.

After selecting the type of trigger, the TDR9000 channel being used to
monitor this trigger must be specified. Fifteen channels are available
(optionally) on the TDR9000: 1 through 5, C1 through C3. To record the
timing of the channel receiving the trigger, activate this chosen channel
(see "Auxiliary Contacts Channel Activation” on page A-67).

"Pre-Triggering Data Collection” on page A-53 describes the pre-trigger
data functionality available for this test.

- - eVv. -
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Trigger In

A System Trigger In (Figure A.64) functions
somewhat differently than an AUX Contact Trigger
In. An input that comes in through the External
Trigger connection of the System module and is
conditioned by a delay time, starts the TDR9000
test.

Although the System module Trigger In channel is
a tri-state channel like the Aux Contact channel, it
is not a measurement channel. For each of the two
settings, it detects the state change, but only the
fact that a trigger event has occurred is sent to the
firmware.

Trigger In detects two different sets of Either/Or
conditions.

e Open to Closed or On to Off
Use this setting to detect a transition either from
Open to Close or Volts On to Volts Off.

e Closed to Open or Off to On
Use this setting to detect a transition either from
Close to Open or Volts Off to Volts On.

Trigger Input Farameters

Trigger Source Trigger In
Trigger Event  O->C or On->0ff
Fre-trigger: 0.0 ms|

Figure A.64 TDR9000™ System Trigger In Parameters

NoTE Only the Trigger In channel on the System module is rated for 600 V

' peak operation.

The System Trigger In channel cannot be in the
active state when the test is started. The active state
is the second state of the trigger event transition. In
an Open to Close transition, closed is the active
state. Therefore, if Open to Close or On to Off is
selected, and Continue is clicked while the Trigger
In channel is connected across a closed switch, the
test is aborted because the trigger input is already
in the active state.
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NOTE

NOTE

Pre-Triggering
Data Collection

Trigger Output
Parameters

The System Trigger In channel is designed to work in a substation using
station battery voltages of 48 VDC or higher. Voltages less than 48 VDC
may not meet the threshold requirements of the Volts On state.

When any external trigger is used, the internal command parameters
(whether default values or values set by the operator), are effectively
disabled, since the command to operate originates externally.

Testing using an external trigger gives the user a way to check that the
remote command of the circuit breaker works. “Pre-Triggering Data
Collection” describes the pre-trigger data functionality available for
external trigger tests.

For a test tabulation of an external test to be meaningful, the TO (trigger
event) and the circuit breaker activation must coincide.

This is available for both the AUX Contact and Trigger In test. It is the

length of time, in ms or cycles, prior to a triggering event for which data
is retrieved. This pre-trigger data is useful for recording events that occur
prior to the trigger event. Zero to 500 ms of pre-trigger time is available.

Trigger Output enables the user to operate a circuit breaker using an
input generated by the TDR9000, as connected through the Trigger Out
connectors of the System module. The pulse width can be set, along with
a trigger delay. The Trigger Output parameters pertain to only one thing:
the TDR900O Trigger Out channel (on the System module). The Trigger
Output is essentially a solid state switch output (dry contact), that can be
used to control an accessory or trigger another TDR9000. The Trigger
can operate in circuits up to 300 V peak, 0.5 A maximum.

There are two Trigger State conditions:
Off This disables the Trigger Output feature.

On This enables the Trigger Output and activates the
fields shown in Figure A.65.

Trigger Output Parameters

Trigger State: On

Fulse width: BE.B ms.
Delay: 0.0 ms|
Falarity: Active Closed

Figure A.65 Trigger Output Parameters

AN 70A-1898 Rev. A 11/01 A-53
et >



Test Plan Items

Pulse Width

Trigger Delay

Polarity

The length of signal transmission in ms sent to the
circuit breaker that determines the length of time
that the Trigger Output remains in the active
condition.

The length of time between the inception of the test
and when the trigger is set.

This defines the timing relationship between the
trigger input and the trigger output. The Trigger
Out channel can be used in conjunction with
internal triggering, when controlling the test
initiation with the Trip/Close control, or with an
external System trigger input. Trigger Out cannot
be used with Event Triggers, like Aux. Contact
Trigger input.

When used with:

e Internal triggering (Trip/Close control), the
delay can be either positive or negative.

e A positive delay causes the Trigger Out
channel to transition to the active state after
the test/recording has begun (delayed by
Trigger Delay value).

e A negative delay causes the Trigger Out
channel to transition to the active state
immediately after the safety switch is
activated, with the Trip/Close commands
and recording delayed by the Trigger Delay
value.

* External triggering, only positive delay values
are valid. The Trigger Out channel transitions
to the active state after the external trigger in
event occurs, which is delayed by the Trigger
Delay value.

Active Closed state only.
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Digital For more information on the Digital Discriminator, see “Understanding
Discriminator Contact Measurement” on page A-22.

Test Duration The Instrument supports a recording length field where a recording
Parameters length is selected from a picklist. Each recording length has a sampling

rate associated with it. When a length is selected, the sampling rate
appears below it. Table A.2 lists the Recording Lengths and their
associated sampling rate.

Table A.2 Recording Lengths and Sampling Rate

Recording Length Sampling Rate

500 ms 10 kHz

1600 ms 10 kHz

10s 1 kHz

30s 500 Hz

1 min 200 Hz

5 min 50 Hz

20 min 10 Hz (Analog only)
The user-preferred recording length can be set using the TRX Options
window.

NoOTE The Test Duration parameter is not available for the Capacitance test.
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Motion Channel
Parameters

Motion Channel

Figure A.66 shows the Motion Channel Activation parameters available
for each channel.

Enable only the motion channels which have Linear/Rotary Transducers

Activation connected. The channel label on this screen can be edited and phase A
to B or C can be selected.
kotion Channel 1-3 Activation

Motion Channel 1 Off TRAVEL 1 A VEL. 1

Motion Channel 2 Off TRAVEL 2 B VEL. 2

Motion Channel 3 Off TRAVEL 3 C VEL 3

Transducer Type Transfer Function

Linear English 1.000in. at contacts is 1.0000n. attransducer

kotion Channel 4-6 Activation

Motion Channel 4 Off TRAVEL 4 A VEL 4

Motion Channel 5 Off TRAVELS B VEL. &

Motion Channel 6 Off TRAVELE C VEL 6

Transducer Type Transfer Function

Linear English 1.000in. at contacts is 1.0000n. attransducer

Figure A.66 Motion Channel Parameters
Transducer Type Either Linear or Rotary motion can be
selected. Measurement units can be English, Metric
or Degrees (only available for Rotary motion).
There is a limit switch in the transducer that alerts the Instrument if the
rotary adapter is mounted on the transducer. If a rotary adapter is
mounted, but not selected in the Test Plan or Virtual Front Panel, the
TDR9000 does not execute the test and an error message appears.
A-56
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Figure A.67 and Figure A.68 show the relationships between the Test
Plan and the transducer linear and rotary motion characteristics.

Mation Channel 1-3 Activation

Mation Channel 1 On TRAVEL1 A WEL 1

Mation Channel 2 On TRAVEL 2 B WEL 2

Mation Channel 3 On TRAVEL 3 c WEL 3

Transducer Type Transfer Function

Linear j] 1.000in. at contacts is 1.000n. attransduceri

Mation Channel 4-6 Activation

Linear Motion .
measured in -q---4
English or 11 8

Metric T T-q— Transducer Rod

9 [

]
L

Main /1__|

contact

)

Operating Rod

Figure A.67 Linear Motion Measured in English or Metric

Mation Channel 1-3 Activation

totion Channel 1 On TRAWEL A WEL

totion Channel 2 On TRAWEL Z B WEL 2

totion Channel 3 On TRAWEL 3 C WEL. 3

Transducer Type Transfer Function

Fuotary Degrees 1.0 deg. at contacts is 1.0 deg. attransduceri

Rotary Motion
measured in
degrees.

" [

Main Contact

Figure A.68 Rotary Motion Measured in Degrees

If the measurement units are changed after specifications have been
entered, the Instrument automatically recalculates the specifications and
enters information using the new measurement unit.
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Transfer Function  In most Bulk Oil Circuit Breakers, the transducer connecting rod is
connected to the moving contact assembly through the operating rod.
Thus, the contact movement and the transducer connecting rod
movement are essentially identical.

Advances in circuit breaker design have resulted in many new types of
circuit breakers. In many of these circuit breakers, it is not possible to
attach a transducer connecting rod to a part of the circuit breaker
mechanism whose movement is identical to the movement of the Main
Contacts. However, it should be possible to connect it to a mechanism
whose motion (secondary motion) has a relationship to the Main
Contacts. This relationship or Transfer Function, when applied to the
secondary motion, allows the Instrument to see Main Contact motion
(primary motion).

The Transfer Function is where numbers relating the transducer
connecting rod travel to the Main Contact travel are entered, when they
are not the same. The Transfer Function acts on the following quantities:
Total Travel, Overtravel, Rebound, Contact Wipe, and Velocity, to
produce measurements for the Main Contacts that can be compared to
circuit breaker specifications.

Figure A.69 shows an example of linear to linear Transfer Function.

Mation Channel 1-3 Activation

Mation Channel 1 On TRAVEL1 A WEL 1
Mation Channel 2 On TRAVEL 2 B WEL 2
Mation Channel 3 On TRAVEL 3 c WEL 3
Transducer Type Transfer Function

Linear English £.000in. at contacts is 3.0001n. attransduceri

Figure A.69 Transfer Function

In this example, the Instrument has to multiply all travel data by 2 to
come up with measurements related to the Main Contacts.

Keep in mind that the value of the Transfer Function affects the resolution
of the measurement.

Example: If the transducer connecting rod moves 10", these 10" are
measured with the resolution 0.00125" (according to the transducer
specification).

NoTE Resolution is the smallest change in the characteristic being measured
| which can unambiguously be detected in a measurement process.
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The Transfer Function is shown in Figure A.70.

Mation Channel 1-3 Activation

Mation Channel 1 On TRAVEL1 A WEL 1
Mation Channel 2 On TRAVEL 2 B WEL 2
Mation Channel 3 On TRAVEL 3 c WEL 3

Transducer Type

Transfer Function

Linear English

3.0000n. at contacts is 1.000n. attransduceri

Figure A.70 Transfer Function Resolution

If the Main Contacts have moved 30", that means that for every 0.00125"
movement of the Transducer connecting rod, the Main Contacts would
move 0.00375". Consequently, when the Transfer Function 3:1 is used,
the resolution becomes 0.00125 x 3 = 0.00375".

Practical considerations limit the value of the Transfer Function values.
The Instrument checks to ensure that linear-to-linear Transfer Function is
less than or equal to 50:1.

Figure A.71 shows an example of the rotary-to-linear Transfer Function.

Mation Channel 1-3 Activation

Mation Channel 1 On TRAVEL1 A WEL 1
Mation Channel 2 On TRAVEL 2 B WEL 2
Mation Channel 3 On TRAVEL 3 c WEL 3

Transducer Type

Transfer Function

| Fuotary English

1.000n. at contacts is 50.00 deg. attransduceri

Figure A.71

Rotary-To-Linear Transfer Function
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The rotary to linear Transfer Function is used when the manufacturer
provides specification for the linear motion of the contacts, however, the
mechanism accessible for the transducer connection is involved in a
rotary motion (Figure A.72). The rotary to linear Transfer Function is also
checked for the entry of a ratio that is too large.

Contact

Figure A.72 Transducer Wheel

The default value for a rotary to linear Transfer Function using English
transducer units is 1.00 in/50.00 deg.

The following is an explanation for the chosen default value.

The transducer wheel has a circumference of 5". Consequently, if the
Main Contact travel is such that the transducer wheel makes a full turn
(360 deg.), the rod pressing against the wheel would have moved 5".

If the transducer rod movement is the result of the wheel movement of
1 deg., the transducer rod traveled:

1 deg./360 deg. x 5" = 0.01389"

If the default Transfer Function value is 1"/1 deg., which seems logical,
the Transfer Function ratio is:

1"/0.01389" = 72, which is above the 50 that the Instrument uses as a
limit.
To bring the Transfer Function ratio into the more practical (and

allowable by the Instrument) range, the Instrument defaults to the
1"/50 deg., which results in the following ratio:

50 deg./360 deg. x 5" = 0.694", 1"/0.694" = 1.44
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When The rotary to linear Transfer Function is used with Metric
transducer units, the default value is 1 cm/1 deg., which results in a ratio
below the limit imposed by the Instrument.

5"=2.54x5=12.7cm
1 deg./360 deg. x 12.7 cm = 0.0353 cm
1 cm/0.0353 cm = 28.35

The following example underlines the importance of the transducer
resolution when the rotary to linear Transfer Function is used.

Example: In the SFA Circuit Breaker, when the Main Contacts travel
8.05", the rotation at the rotary input of the transducer is 35.5 deg

(Figure A.73).
Miotion Channel 4-6 Activation
Motion Channel 4 Off TRAWEL 4 A, WEL. 4
Motion Channel 5 Off TRAWELS B WEL. 5
Motion Channel 6 Off TRAWEL B C WEL. B
Transducer Type Transfer Function
Raotary English 3.05 in. at contacts is 3550 deg. at transduced

Figure A.73 Rotary-To-Linear Transfer Function

This corresponds to a linear travel at the transducer end of:
35.5 deg./360 deg. x 5" = 0.493".

This results in a primary motion (Circuit Breaker Main Contacts) to
secondary motion (transducer) ratio of:

8.05"/0.493" = 16.32.
In primary terms the resolution of the measurement becomes:
0.00125" x 16.32 = 0.0204".

This resolution is sufficient for SFA published tolerances (for example,
wipe 1.06 + 0.06), however, transducer resolutions worse than 0.00125,
that are used with a Transfer Function, should be considered
questionable in applications such as these.

- - eVv. -
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Dead Tank/OCB

OCB Contact
Channel
Activation

OCB Resistor
Ranges

NoTE

The section discusses the Dead Tank/OCB Main Contact parameters
(Figure A.74) available for a circuit breaker.

These parameters activate the OCB Main Contact channels and change
the label and/or phase designation for the circuit breaker contacts being
monitored.

Trip/Close For circuit breakers with insertion resistors, set a
resistor value range in the Test Plan for the program
to pick up the resistor level, for the time during
which the resistor is in the circuit during circuit
breaker operation, and for correct wipe
measurement.

If there is no resistor in parallel with the contact,
set the resistor range to NONE. If the value of the
resistor overlaps both ranges, either can be
selected.

An incorrect resistor range setting can result in an incorrect Wipe
calculation. The Average Velocity values can also be incorrect if
Contact Open or Contact Close was used to specify the velocity
measurement zone.

Dead Tank / OCE Channel Activation

OCE Channel1 On CONTACT A
OCE Channel 2 Off CONTACTZ B
0CB Channel 3 On COMNTACTS C
0CB Resistor Ranges Trip: 300 - 7000 Ohms Close: 300 - 7000 Ohms

Figure A.74 Dead Tank/OCB — Parameters
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Table A.3 lists the voltages used when testing the Main Contacts.

Table A.3 Voltages Used When Testing the Main Contacts

ITEM TESTED RANGE SELECTION TEST VOLTAGE
Resistor, OCB 10 — 400 Ohms 7.5V
Resistor, OCB 300 — 7,000 Ohms 48 V
All without resistors None 15V

If the command current range selected is too small for the actual current
applied, the current recorded in the masthead reads *Over*. The current
on the graphical output appears clipped. The performance of the test is
not affected (Figure A.75).

BREAKRER PERFORMANCE REPORT
TR0 Version: RE 2.24
Mannfacturer : ELECTRO SWITCHLoeation : DOBLE

Model Number : A Cirenit : TEST

Serial Number @ 001 Operator : MIT

Tusir Book ¥ ; NONE Operation Connter 3 999
Mechanizsm # @ T(OMB{X USER FIELD 2 P ANY DATA 2
Mech Tusir # 1 NONE Test Plan Name : DOBLE

1D Number : MOXNE
USER FIELD @ ANY DATA1
Test Type : TRIP

Test was performed on 1220999 gt 10:40: 01, with digital filter time 32 mS,

Motion Channels 1-3 Transter Function
L) in, Travel al the conlacts is 4500 deg. Travel at the Iransducer,

Ilesistor range selected 200-500 (Yhms
Resislar times 1ahulated il a 200 mS resisior rale is deleclod.

Command Paramerers Trip Mnlse  56.6 ms.
Command Carvents Treip Curreent 635 A ph

Figure A.75 Breaker Performance Report Header
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Live Tank/EHV

Figure A.76 shows the Live Tank/EHV parameters available for a circuit

breaker.

Live Tank f EHY Channel Activation

kdain Contact Configuration: EHY

hModule

EHW1

EHW 2

EHY 3

EHW 4

EHW &

Channel

142

374

h{B

7i8

/10

Fhase A

Cn

Ot

Ot

Ot

Ot

Fhase B

On

Off

Off

Off

Off

Fhase C

On

Off

Off

Off

Off

EHY Resistor Ranges Trip: 200-500 Ohms Close: 200 - 500 Ohms

Figure A.76 Live Tank/EHV — Parameters

Main Contact

The EHV screen activates the EHV contact channels for circuit breaker
Configuration —

contact monitoring. A selection can be made between EHV and SPLIT

EHV/SPLIT contact configuration. EHV channels are activated by pairs.
Contact Channel
Activation
NoOTE The SPLIT screen allows singular channel activation. This is used when
' testing a Live Tank Circuit Breaker with an odd number of breaks per
H phase.
EHV Resistor ~ Trip/Close For circuit breakers with insertion resistors, set a
Ranges resistor value range in the Test Plan for the program
to pick up the resistor level, for the time during
which the resistor is in the circuit during circuit
breaker operation, and for correct wipe
measurement.
If there is no resistor in parallel with the contact,
set the resistor range to NONE. If the value of the
resistor overlaps both ranges, either can be
selected.
NoOTE An incorrect Resistor range setting can result in an incorrect Wipe
' calculation. The Average Velocity values can also be incorrect if
: Contact Open or Contact Close was used to specify the velocity
measurement zone.
A-64
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Table A.4 lists the test voltages used when testing Main Contacts.

Table A.4 Voltages Used When Testing Main Contacts

ITEM TESTED RANGE SELECTION TEST VOLTAGE
Resistor, EHV 10 — 300 Ohms 7.5V
Resistor, EHV 200 — 500 Ohms 15V
All without resistors None 15V

If the command current range selected is too small for the actual current
applied, the current recorded in the masthead reads *Over*. The current
on the graphical output appears clipped. The performance of the test is
not affected (Figure A.77).

BREAKER PERFORMANCE REPORT
TR0 Version: RE 2.24
Manufacturer : ELECTRO SWITCHLoucntion : DIODLE

Model Number : A Circuit : TEST

Serial Number @ 001 {peralor : MFT

Tusir Book # ;1 NONE Operntion Counter 3 999
Mechanism # : TOMBOXX USER FIELD 2 T ANY DATA 2
Mech Tusie 4 ¢ NONE Test Plan Name : BOBLE

LD Mumber : NONE
USER FIELD @ ANY DATAL
Test Tyvpe : TRIP

Test wus performed on 12/19/99 gt 1040501, with digital filker time 32 mS,

Motion Channels 1-3 Transfer Function
L) in, Travel ai the conlacts is 45,00 deg, Travel sl the Iransducer,

1Resistor range selected 200-300 {)hms
Resistor times 1ahulated il a 200 mS registor raie is delecied.

Command Parameters Trip Malse  66.6 mis.
Cotimand Carvents Trip Coreent 635 A ph

Figure A.77 Breaker Performance Report Header
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Capacitance

Channel Parameters

The TDR9000 can measure the capacitance of grading capacitors that

75 to 10,000 pF.

are connected across the main contact of a circuit breaker in the range of

The test measures capacitance between each of the two EHV leads and
the common lead for each phase and each module. The test result is
presented as a pass/fail rating based on whether each measurement is
within the Test Plan limits.

Figure A.78 shows the parameters available for the Capacitance

channels.
Capacitance Charmel Activation

Iodule FHV 1 FHY 2 EHV 3 FHYV 4 FHV %

Charmel 1732 LR 5746 778 g/10

Phase A Off Off Off Off Off

Phaze B Off Off Off Off Off

Phaze C Off Off Off Off Off

Cap. Range: 75 - 2500 pF Capacitance Iin. whmkkE pF| Capacitance Mas. Rk 11

Figure A.78 Capacitance Channel Activation

Parameters include:
Phase

Cap. Range

Capacitance Min.

Capacitance Max.

This activates/deactivates on a phase-by-phase and
module-by-module basis.

A scrollable picklist for selecting the Capacitor
configuration. Choices include:
e 75-2,5000 pF

e 300 - 10,000 pF

A user-entered field for entering the minimum
expected capacitance.

A user-entered field for entering the maximum
expected capacitance.

A-66
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Auxiliary Contact
Channel Parameters

Figure A.79 shows the parameters and specifications available for

Auxiliary Contact Channels.

Ausdliary Contact Channel Activation

Module Ewent 1 Ewent 2 Ewent 3 Ewent 4 Ewent 5
State Off Off Off Off Off
Label 1-1 21 3-C1 4.1 5-01
Phase & & ¥y ¥y ¥y
State Off Off Off Off Off
Label 1-C32 2-C2 3-C2 4-c2 5-2
Phase & & A A A
State Off Off Off Off Off
Label 1-C3 2-C3 3-C3 4-03 5-C3
Phase & & A A A

Figure A.79 Aukxiliary Contact Channel — Parameters and Specifications

Auxiliary This portion of the Test Plan activates and labels the contact channels for
Contacts auxiliary contacts being monitored.
Channel
Activation
Analog Channel Figure A.80 shows the Analog Channel parameters and specifications
Parameters available for Circuit Breaker Main Contacts.

Analog Channel Activation

hodule Ewent1 Ewent 2 Ewent 3 Ewent 4 Ewents
State Off Oiff Off Oiff Off
Label 1-A1 2-41 3-A 4-41 B-41
Fhase A A A A A,

Type Shunt Shunt Shunt Shunt Shunt
Range 1.0 “aolts 1.0 “olts 1.0 “aolts 1.0 “olts 1.0 “olts
State Oiff Oiff Oiff Oiff Off
Label 1-AZ 2-A2 A2 4-A2 h-Ag
Fhase A A A A A,

Type Shunt Shunt Shunt Shunt Shunt
Range 1.0 “olts 1.0 “olts 1.0 “olts 1.0 “olts 1.0 “olts
State Oiff Oiff Oiff Oiff iff
Lakel 1-A3 2-~3 A3 4-~3 b4
Fhase A, A, A, A, A,

Type Shunt Shunt Shunt Shunt Shunt
Range 1.0 “aolts 1.0 Yalts 1.0 “aolts 1.0 Yalts 1.0 “olis

Figure A.80 Analog Channel — Parameters and Specifications
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Analog Channel
Activation

Voltage Range
Selection

Current Selection

This screen allows the user to activate and label the contact channels for
any analog contacts the user plans to monitor.

The following voltages are available:

e .2V peak

e 2V peak

e 10V peak
e 100 V peak
e 200V peak
e 300V peak

* 500 V peak (Not supported by the TDR9000)
The selection can be made between probe and shunt. Table A.5 lists the

Probe/Shunt selections available.
Table A.5 Probe/Shunt Current Selections
Probe Shunt
Low (20A peak) .2 V peak
High (200A peak) 1V peak
2 V peak
2.5V peak
5V peak
10 V peak
It is important to select appropriate matching current ranges on the
TDR9000 and on the probe itself. The recommended probes are:
* Autozero probe (Doble P/N 401-0055) clip-on, Hall effect probe,
with current ranges 20 A and 200 A.
This probe provides 2 V output on both ranges, when current is at
maximum.
e Fluke Y8-100 clip-on, Hall effect probe, with current ranges 20 A
and 200 A.
This probe provides 2 V output on both ranges, when current is at
maximum.
A-68 72A-1898 Rev. A 11/01 A
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e F. W. Bell CG-100A clip-on, Hall effect probe, with current
ranges of 10 A and 100 A.

This probe provides 1 V output on both ranges, when current is at
maximum. It is also capable of 100% overload, bringing output

to 2 V.
The Instrument has two current ranges to use with the probe:
* Low-20A
* High—200 A

The following example shows how inappropriately selected current
ranges can give misleading test results. Trip current was measured using
the TDR9000, an external 1 V/10 A shunt and a F. W. Bell CG-100A
clip-on probe with 10 A and 100 A ranges.

Example #1 (Figure A.81)
Ranges selected: Probe - 10 A, TDR9000 - Low (20 A)
Current Monitoring Trip Operation lgnt .631 X 10 =6.31 A

BREAKER PERFORMANCE REPORT
TDRY0MW Version: RE 2.24
Mannfacturer : ELECTRO SWITCHLocation : DOBLE

Model Number : A Circuit : TEST

Serial Number : 001 Operator : MIT

Tusir Bowk ¥ ; NONE Operntion Connter 3 999
Mechamizm # @ TOMBOX USER FIELD 2 t ANY DATA 2
Mech Tustr # : NONE Test Plan Name : DORLE

1D Number : MNONE
USER FIELD @ ANY DATA1
Test Type @ TRIP

Test was performed on 1220999 gt 10:40: 01, with digital filter time 32 mS,
Motion Channels 1-3 Transfer [Function
L) in, Travel al the conlacts is 4500 deg. Travel at the Iransducer,
Ilesistor range selected 200-500 (Yhms
Resistor times 1abulated il'a 200 m% registor rate is detecied.

Command Paramerers Trip Mnlse  56.6 ms.
Command Carvents Treip Curreent 635 A ph

Test Results Range
! I1 0631Vpk ! Shunt 1V
¢ I2 612 Apk Probe Low

Figure A.81 Current Monitoring Trip Operation

AN 70A-1898 Rev. A 11/01 A-69
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L

6.12 A through the probe produces the following outputs:
e 10 A correspondsto 1V
* 6.12 A corresponds to Vt
* Vou=6.12/10=0.612V
This voltage is interpreted by the TDR9000 on the 20 A scale as:
e 2V corresponds to 20 A
e 0.612V corresponds to I,
¢ 1,=0.612x20/2=6.12 A

Contact Timing Figure A.82 shows the Contact Timing parameters and specifications
Parameters available for Circuit Breaker Main Contacts.

Contact Timing Specifications

Minimurn Maximurn Module Fhase Breaker
Main Open et 111 et 111 et 111 et 111 et 111
Main Close et 111 et 111 et 111 et 111 et 111
Main Reclose et 111 et 111 et 111 et 111 et 111
Trip-Free Dwell Time: min. g max. U ms
Reclose Dead Time: rhin. g e, SRR g
Figure A.82 Main Contact Timing: —
Open Parameters and Specifications
A-70 72A-1898 Rev.A 11/01  (AMN
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L]

Main Contact Parameters include:
Timing — Open Minimum The minimum time for the Main Contacts to part.
Maximum The maximum time for the Main Contacts to part.

Figure A.83 shows how contact timing occurs on a module-by-module

level.

Module (A) The maximum allowable difference in time
between the opening of the two Main Contacts in
any module.

Phase (B) The maximum allowable difference in time
between the opening of any two Main Contacts in
a phase.

Breaker (C) The maximum allowable difference in time

between the opening of any two Main Contacts in
a circuit breaker.

First Switch to Last Switch

Contact #1

Module #1 {_-'IContact # --%— Main Contact

A I opening time
Contact #3 _l es— A
Module #2 Contact #4

|
|
— - --— B

, #1

Module #1 { |
B < |

Module #2{
L

r
1
Module #1 { 9

|

|

i

|

|

|

|

T

1

|

I

|

|

|

|

T

I
1 43— .
Module #2 { #4

.

Time (ms) | I— [— [ Joinns boovaas | — | S | S A— A |

Figure A.83 Main Contact Timing — Open Breaker
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Main Contact Parameters include:
Timing — Close Minimum The minimum time for the Main Contacts to make.
Maximum The maximum time for the Main Contacts to make.

Figure A.84 shows how contact timing occurs on a module-by-module

level.

Module (A) The maximum allowable difference in time
between the closing of the two Main Contacts in
any module.

Phase (B) The maximum allowable difference in time
between the closing of any two Main Contacts in a
phase.

Breaker (C) The maximum allowable difference in time

between the closing of any two Main Contacts in a
circuit breaker.

First Switch to Last Switch

Contact #1 | Main Contact
Module #1 { H—/ opening time

! Contact #2
oA —] Lq— A

|
Module #2 { Contact #3

Contact #4 |

# !
[ [
Module #1 |
#2 | |
0B I
#3 i |
Module #2 { : |
L #4 ||
—L).--II 3
#1 |

|

( I
Module #1 #2 |

|

|

|

o9 #3 | |
Module #2 { |
y #4 I [
— |— C
0 20 40 60 80 100
Time (ms) | ........ |. ........ | ......... | ........ | ......... } ........ | ......... I. ........ |. ........ |. ,,,,,,,, |

Figure A.84 Main Contact Timing — Close Breaker
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Main Contact Parameters include:
Timing —Reclose  \4inimum The minimum time from trip initiation to Main
Contact make
Maximum The maximum time from trip initiation to Main

Contact make.

Figure A.85 shows how contact timing occurs on a module-by-module

level.

Module (A) The maximum allowable difference in time
between the Trip initiation and the closing of the
two Main Contacts in any module.

Phase (B) The maximum allowable difference in time
between the Trip initiation and the closing of any
two Main Contacts in any phase.

Breaker (C) The maximum allowable difference in time

between the Trip initiation and the closing of any
two Main Contacts in a circuit breaker.

First Switch to Last Switch
Main Contact reopening time

y

r-—

Contact #1
I
|

Contact #2

r
Module #1

|
Contact #3 hg—

A

Module #2
Contact #4

e

L

1
Module #1

oB

Module #2

L

r

Module #1

o€

Module #2

| |
—l—_,.i—l_r.(. C
20 40 60 80

ettty paPon,
s |

0
Time (ms) b

Figure A.85 Main Contact Timing — Reclose
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Main Contact Trip-Free Dwell parameters include:
Timing: Trip-Free
Dwell — Reclose
Dead

Trip-Free Dwell min  The minimum time the Main Contacts may be
CLOSED during a Trip-Free test.

Trip-Free Dwell max The maximum time the Main Contacts may be
CLOSED during a Trip-Free test.

Figure A.86 shows the Trip-Free Dwell Time.

— 1

|
—> 14— Dwell Time

Figure A.86 Trip-Free Dwell Time

Reclose-Dead Time parameters include:

Reclose Dead min  The minimum time the Main Contacts are OPEN
during a Reclose test.

Reclose Dead max The maximum time the Main Contacts are OPEN
during a Reclose test.

Figure A.87 shows the Reclose Dead Time.

Close
Copen L]

—}! i{— Reclose Dead Time
Figure A.87 Reclose Dead Time
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Resistor Contact Figure A.88 shows the Resistor Contact Timing parameters and
Timing Parameters specifications available for the circuit breaker resistor contacts.

Fesistor Contact Timing Specifications

Minimurn Maximurn Module Fhase Breaker
Fes. Open et 111 et 111 et 111 et 111 et 111
Fes. Close et 111 et 111 et 111 et 111 et 111
Insertion Resistor Open: min. == Ohms{ max. **** Ohms
Insertion Resistor Close: min. == Ohms{ max. **** Ohms
Fesistor Relative to: Main Fesistor Tabulation Qualifier; 200 us |

Figure A.88 Resistor Contact Timing — Parameters and Specifications

Resistor Switch The selection can be made, using the Resistor Relative To parameter,

Timing — Open between MAIN and TO (Test Initiation). This enables the timing of
Resistor Switches relative to the opening of the Main Contacts or test
initiation, respectively.

Parameters include:

Minimum The minimum time for the Resistor Switch Contacts
to part.
Maximum The maximum time for the Resistor Switch

Contacts to part.

Figure A.89 shows timing relative to MAIN an TO.

|

T
oy Opening Time

’ . relative to Main (20 ms)

Opening Time
relative to To (40 ms)

Figure A.89 Opening Time — Resistor Switch
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Figure A.90 shows how contact timing occurs on a module-by-module
level.

Module (A) The maximum allowable difference in time
between the opening of the two resistor switches in
any module.

Phase (B) The maximum allowable difference in time
between the opening of the two resistor switches in
a phase.

Breaker (C) The maximum allowable difference in time
between the opening of the two resistor switches in
a circuit breaker.

r Contact #1

 I—
Module #1
Contact #2
1
Contact #3 —l b A
Module #2 1
Contact #4 |
X 1
R
1|
’ #)
Module #1 —l_l—
#2
OB 3 |
#3 |
Module #2 (1
| #4

|
|
|
|
f #! I
Module #1 { —l_:_l—
|
|
I

#2
= 1
OC 1 |
ST
Module #2 { a4
! - —
Time (ms) O.. 2|0 Ato 6:0 8|O

Figure A.90 Resistor Switch — Opening
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Resistor Switch The selection can be made between MAIN and TO (Test Initiation). This
Timing — Close enables the timing of Resistor Switches relative to the closing of the Main
Contacts or test initiation.

Parameters include:

Minimum The minimum time for the Resistor Switches to
make.

Maximum The maximum time for the Resistor Switches to
make.

Figure A.91 shows timing relative to MAIN and TO.

el

-

Closing Time — Closing Time
relative to To relative to Main
(20 ms). (20 ms).

Figure A.91 Closing Time - Resistor Switches
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Figure A.92 shows how contact timing occurs on a module-by-module

level.

Module (A) The maximum allowable difference in time
between the closing of the two resistor switches in
any module.

Phase (B) The maximum allowable difference in time
between the closing of the two resistor switches in
a phase.

Breaker (C) The maximum allowable difference in time

between the closing of the two resistor switches in
a circuit breaker.

First Switch to Last Switch

( Comactst  ——

|
|
L —
—a e A
I
Contact #3 r

|
Contact #4 —I—I—
# —

{

{
|

{

{

Module #1
Contact #2

oA 4

Module #2

0B {
#3

Module #2

L #4

#!

Module #1 #2

L Module #2 { #4 |—(I

20 40 60 80 100
Time (ms) 11 b e b e B e e |

Figure A.92 Resistor Switch — Closed
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Insertion Resistor
Value — Open
and Close

Res Tab Qualifier

NoTE

Parameters include:

Open Resistor min ~ The minimum allowable value for the Opening
Resistor in Ohmes.

Open Resistor max  The maximum allowable value for the Opening
Resistor in Ohms.

Close Resistor min  The minimum allowable value for the Closing
Resistor in Ohms.

Close Resistor max ~ The maximum allowable value for the Closing
Resistor in Ohms.

The TDR9000 measures resistance values from 10 Q to 7500 Q.

For tabulation, the Resistor Tabulation Qualifier sets the minimum
amount of time a resistor level (resistor switch closed and Main Contact
open) must be present for the first touch to be considered the beginning
of the resistor level. The options are 200 Ms, 100 ms, and bounce. If
200 ms or 100 Ms are selected, the resistor level must be present during
the entire period specified (200 Ms or 100 Ms) without any transitions or
bounces for the first touch to be acceptable.

First touch is considered first strike for a close test and last break for an
open test.

Different values of resistor tabulation qualifiers are needed to
accommodate the characteristics of different circuit breakers. If the
characteristic of a circuit breaker is such that the resistor switch tends to
bounce extensively during operation, and the bouncing results in no
resistor switch touching long enough to match the qualifier setting, then
the resistor switch is not seen by the test set, and the operating time of the
resistor switch is not tabulated. In such a case, the qualifier time can be
reduced from the default value of 200 ms to 100 Ms to catch the resistor
switch (despite its bouncing) and obtain a tabulated value. This is
acceptable if the bouncing is a normal part of this particular circuit
breaker’s operation. If it is an abnormal phenomenon, however, reducing
the qualifier time to make the switch visible is self-defeating since the
tabulated value has no real meaning.

For purposes of determining a trend in a circuit breaker, and for
comparison among similar circuit breakers, use the largest time setting
which consistently yields a tabulated value for the resistor switch timing.
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If bounce is selected and the first touch is at the resistor level, then the
first touch is used for the resistor switch tabulation, without the necessity
of having a resistor level present for any minimum amount of time. The
default value is 200 ms.

Figure A.93 and Figure A.94 give examples that clarify the matter.
Select 100 Ms

115 Ms

f

__I__l_

1

-y

Select 200 Ms

15 Ms

)

Select bounce

|

115 Ms

F )

t

- v

Select 100 Ms or 200 Ms

:—u—u_u_Ll_Ll_Ll_l—

Select bounce

|—|_|_L|-|_|_L|_LI
|
|J-|_|-|_|_|_|-|—
I 8] r_tz_j
| i

Figure A.93 Resistor Tabulation Qualifier Operation — Open Test
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Select 100 Ms
m 115 Ms |

& r t .1

—

Select 200 Ms ﬁ'l_l‘l_li
1 1 115 Ms

Select bounce ﬁ'u‘ui
M M 115 Ms |

I t -TI- t "

Select 100 Ms or 200 Ms

Select bounce

——pannlT

L “ |2
|
|

Figure A.94 Resistor Tabulation Qualifier Operation — Close Test

NoTE The Test Initiation option tabulates Resistor Switch timing from the
' beginning of the test (t = 0).
H The Main option tabulates resistor switch timing relative to the closing

(first strike) or opening (last break) of the Main Contact.
For further information, refer to ”Resistor Switch Timing — Open”
on page A-75 and ”Resistor Switch Timing — Close” on page A-77.
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Travel Parameters Figure A.95 shows the Travel parameters and specifications available for
a circuit breaker.

Trawel Specifications Channels 1-3 Channels 4-6
Expected Flus Minus Expected Flus Minus

deicheic

deicheic deicheic deicheic deicheic dekicdedcie T

In|
dekicdedcie T

Total Trawel in, in, in, in, in,
in|
T

Crwvertravel Open in, in, in, in, in,

Cwertravel Close in, in, in, in, in, in,
Febound Open in, in, in, in, in, A,
Febound Close A, A, A, A, A, A,
ContactWipe A, A, A, A, A, A,

vomece o | e | s | e | e

vomece o | e | s | e | e

vomece o | e | s | e | e

Figure A.95 Travel — Parameters and Specifications

Total Travel, Parameters include:

Contact Wipe Total Travel This is the total Circuit Breaker Main Contact travel

during close or open operations. Negative
tolerance for total travel must never be greater than
the specified total travel.

This is the Transducer Connecting Rod or Rotary
Adapter travel, if the Transducer Connecting Rod
or Rotary Adapter and Main Contact travel are
identical (Transfer Function is 1).

Contact Wipe (Close) This is the distance the Transducer Connecting Rod
or Rotary Adapter moves from the first Main
Contact make to the fully closed position of the
circuit breaker.

The Main Contact used to calculate wipe is
determined by the phase selected on the Motion
Channel Parameters (Refer to “"Motion Channel
Parameters” on page A-56).

Negative tolerance for contact wipe must never be
greater than the specified contact wipe.

For Oil Circuit Breakers, the Instrument determines wipe for each Motion
Channel that is activated and has a transducer connected to it.
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Example:
To measure Contact Wipe on the contact labeled phase A (Figure A.96):

* Mount the transducer on the phase A tank.

e Connect the Transducer Cable to the first channel on the
Motion/OCB module.

e Activate Motion Channel 1 on the Test Plan tab and label it A.
e Connect Contact Monitor Cable 1 to phase A.

e Set the Expected, Plus and Minus specifications in the Contact
Wipe parameter portion of the Travel Specifications on the Test

Plan tab.
o * ______________ Travel #1
Contact #1 Wipe
Total
Travel

Contact #! —ﬂ—"—,—ﬂ_li

o
Contact #2 S— N N

I
Contact #3 n_l

Figure A.96 Contact Wipe Measurement

For an EHV Circuit Breaker (module type), the Instrument determines
wipe for activated Contact 1 of the phase that has a corresponding
activated Motion Channel and a Transducer connected to it. Phase A
always corresponds to Motion Channel 1, Phase B to Motion Channel 2,
Phase C to Motion Channel 3.

A

[

Yo
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Figure A.97 shows timing for Total Travel and Contact Wipe.

i____l Travel 3

s

Module #1 Contact #2 LT

0A

Contact #3  ——1

Module #2

i

H

1

I_I_

#!—l—h-'_
#2 [ —_—

3
S

* Module #2

Module #1

Module #2

{
{
{
{
{

#
—l_,_

20 40 60 80 100
Time (ms) I- e e s s e s |

Figure A.97 Total Travel and Contact Wipe Operation

Overtravel, Parameters include:

Rebound — Open 5, ariravel This is the distance between the maximum

temporary displacement of the Circuit Breaker
Main Contacts beyond the final open position.
Negative tolerance for overtravel must never be
greater than the specified overtravel.

Rebound This is the distance between the maximum
temporary displacement of the Circuit Breaker
Main Contacts which is short of the final open
position. Negative tolerance for rebound must
never be greater than the specified rebound.
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Figure A.98 shows how overtravel and rebound operate during a circuit
breaker opening operation.

Starting Closed

Position Rebound

X
}- ---- Final Open

Position

Overtravel

Figure A.98 Overtravel/Rebound Open

Overtravel, Parameters include:

Rebound —Close  Gyertravel The distance between the maximum temporary

displacement of the Circuit Breaker Main Contact
beyond the final closed position. Negative
tolerance for overtravel must never be greater than
the specified overtravel.

Rebound The distance between the maximum temporary
displacement of the Circuit Breaker Main Contacts,
which is short of the final closed position. Negative
tolerance for rebound must never be greater than
the specified rebound.

Figure A.99 shows how overtravel and rebound operates for a circuit
breaker closing operation.

Overtravel

=£— Final Closed
- Position

Rebound

Starting Closed ===
Position

Figure A.99 Overtravel/Rebound Closed
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Average Velocity

Figure A.100 shows the Average Velocity parameters and specifications
Parameters available during a circuit breaker.

Average Velocity Specifications  Channels 1-3
Zotwe Definition From To [ Wkigtisaibiad Dolasditrnm
Welocity Open | Distance, Distance HEEEEE fgg] R e HEEREE g R
Zone 1 Cloze | Distance, Distance wREEE deg MRRREE deg) HAAARE g Bl T
Welocity Open | Distance, Distance A ey A ey HEEEEE A R
Zone 2 Close | Distance, Distance HEEEEE fgg] R e HEEREE g R
Average Velocity Specifications  Channels 4-8
Zone Definition From To Ivlintrmatn Iazitnum
Velocity Open | Distance, Distance HREEEE i) B I 171
Zone 1 Cloge | Distance, Distance HEREEE i) HRREEE fp) PR fifgl R fg
Velocity Open | Distance, Distance kR in) R I 171 I
Fone 2 Cloge | Distance, Distance HREEEE i) B I 171

Figure A.100 Average Velocity — Parameters and Specifications

Average Velocity  The velocity zone must be entered before the test for the velocity in that
— Open zone to be calculated by the Instrument.

There are five methods of specifying the zone for Average Velocity

measurements during open test.

e Distance — Distance

e Distance — Time

e Time

¢ Contact Open — Time
¢ Contact Open — Distance

—Time

These serve as the Open and Close conditions that define each zone.
These same parameters apply to Velocity Open Zone 2.

A-86
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Velocity Open
Zone 1 and 2

NoTE

Velocity Open Zone 1

Velocity Open Zone 1 is comprised of the Open and Close parameters
listed above. Zone 2 is similar to Zone 1 but is totally independent of
Zone 1 (Figure A.108).

Distance — Distance The Circuit Breaker Average Velocity is calculated
between the two distances specified. Distances are
relative to the starting closed position (0.000
in/mm) of the circuit breaker (Figure A.101).

Starting closed position (start of test)

From
Distance

To
Distance

Final Open

Figure A.101 Contact Open Distance - Distance

The end distance (T0) must be greater than the start
distance (FROM).

When selecting values for calculating Average Velocity, avoid choosing
beginning or ending distances of 0.000 in/mm. Since the circuit breaker
remains in those positions for a relatively long period of time, incorrect
Average Velocities are calculated.

Distance — Time The Circuit Breaker Average Velocity is calculated
between the distance specified and a time after the
circuit breaker mechanism passes the specified
point. Distance is relative to the starting closed
position (0.000 in/mm) of the circuit breaker
(Figure A.102).

Starting closed position (start of test)

+From

Distance

Final Open

10 20 30 40 50 60
Time (ms) 1 1 1 1 | 1 | 1 1 | 1

Figure A.102 Contact Open Distance — Time
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Time — Time The Circuit Breaker Average Velocity is calculated
between the two times specified (Figure A.103). In
Figure A.103, the end time (T0) must be greater
than the start time (FROM).

Starting closed position
(start of test)

Yo
S
3
=
y
¢

P\ iZOne 1
To Time N
I
| L
i : Final Open Position

_ 20 40 60 's0 ' 100
Time (M) L b e |

A

S e e —r————

Figure A.103 Contact Open Time — Time

Contact Open — Time

The Circuit Breaker Average Velocity is calculated
for the period between when the Main Contacts
part and the specified time after that moment.

For an Oil Circuit Breaker (Figure A.104), if only
one transducer is used, the Instrument uses the
Main Contact data for the phase where the motion
channel is activated.

(start of test)

From Contact Open|
To Time|

Final Open Position

|
|
Contact #1 Closed I
—|_|_|_A_'_I Open
|
Contact #2 _|_|"_| I Phase where motion
I | %channel is activated
Contact #3 } ! and Transducer is
_I—:—| | installed (phase B).
| i
| |
10 20 40 . 60 80 100

Figure A.104 Contact Open — Time Oil Circuit Breaker

A-88 72A-1898 Rev. A 11/01 dﬂ@



TDR9000™ Circuit Breaker Test System User’s Guide

NoOTE For the EHV Circuit Breaker (Figure A.105), the Instrument uses the
' data for Main Contact 1 from the phase where the motion channel is
H activated to calculate the average velocity.

Starting Closed Position
(start of test)

Zone 1

From Contact Open

To Time ==

Contact #1 I

Final Open Position
Module #1 —
Contact #2
oA Contact #3
I
MOdUIe #2{ Contact #4 !
#!
I . . .
Module #1 { 1L Motion channel is activated
#2—I_L and the Transducer is installed
———— on Phase B.
oB 1§ #
- L
Module #2{ ) S
#4
[
 —
#!
- 1y
Module #1 N —
#2
A
C — 1
0~ 4 #3
- L
-
Module #2{ #4
L
—
. 0 20 40 60 80 100
TIME (MS)  Fone vusrv v b b e bossmebssssn ovsee prvmse

Figure A.105 Contact Open — Time EHV Breaker

Contact Open — Distance

The Circuit Breaker’s Average Velocity is
calculated for the interval between when the Main
Contacts part and the point in time that
corresponds to the specified distance.

Figure A.106 on page A-90 shows the operation of
this zone type for a circuit breaker.
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Starting Closed Position
(start of test)

Contact #1

From Contact Open

Final Open Position

—LI‘I_|_|—
Contact #2 ‘I_I'i_‘ Phase where the motion
¥ channel is activated
Contact #3 and the Transducer is
T installed (phase B).

Figure A.106 Contact Open - Distance Oil Circuit Breaker

Figure A.107 shows the operation of this zone type
for an EHV Circuit Breaker.

Starting Closed Position
(start of test)

0B §

From Contact Open L)

f

Module #1

Module #2

L

.
Module #1

Module #2

{
Module #1

Module #2

—t, e, et b, p—t— p——

Time (ms)

Contact #1
Contact #2
4

Contact #3
I —

—I_I—

Contact #4

#!
U — 1 Motion channel is activated
#2 and the Transducer is installed

—I_I— on Phase B.

#3

—I—I—

#4

e B

Figure A.107 Contact Open - Distance EHV Circuit Breaker
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Velocity Open Zone 2
Zone 2 is totally independent of Zone 1 (Figure A.108).

Starting closed position
(end of test)

Ifrom Distance

To Contact Close

To Tlme\

~

Starting |
Open Position From | Phase where motion channel
Time | ¥ is activated and Transducer is
| | installed.
|

Time (MS)  fmoecbmhoe b b b [ (LY T

Figure A.108 Contact Open Velocity Open Zone 2

Average Velocity  The velocity zone must be entered before the test for the velocity in that
— Close zone to be calculated by the Instrument.

There are five methods of specifying the zone for Average Velocity
measurements during a close test.

¢ Distance — Distance

¢ Distance — Time

e Time—Time

e Time — Contact Close

e Distance — Contact Close

These serve as the Open and Close conditions that define each zone.
These same parameters apply to Velocity Open Zone 2.

- - eVv. -
AN 70A-1898 Rev. A 11/01 A-91
AN



Test Plan Items

Velocity Open  Velocity Open Zone 1 is comprised of Open and Close parameters listed
Zone 1 and 2 above. Zone 2 is similar to Zone 1 and is totally independent of Zone 1
(Figure A.108 on page A-91).

Distance — Distance The Circuit Breaker Average Velocity is calculated

between the two distances specified. Distances are
relative to the final closed position (0.000 in/mm)
of the circuit breaker (Figure A.116 on page A-97).
In Figure A.109, the end distance (T0) must be less
than the start distance (FROM).

Final

Fromk \ Closed Position
Distance ¥ To

4. Distance
v Y

Starting Open Position

(start of test)

Figure A.109 Contact Close Distance — Distance

Distance — Time

Zone 11 |
— To

The Circuit Breaker Average Velocity is calculated
between the distance specified and a time after the
circuit breaker mechanism passes the first specified
point. Distance is relative to the final closed
position (0.000 in/mm) of the circuit breaker
(Figure A.110).

Final

= Closed Position
rom
/ ¥ Distance

I : Distance
I

Starting Open Position

(start of test)

Figure A.110 Contact Closed Distance — Time
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Time — Time The Circuit Breaker Average Velocity is calculated
between the two times specified (Figure A.111). In
Figure A.111, the end time (T0) must be greater
than the start time (FROM).

Final Closed Position
(end of test)

To Time .

A
/ Zone 1
From Time - ¥

1 1

I
Starting Open Position ! !
(start of test)

Figure A.111 Contact Closed Time — Time

Time — Contact Close

The Circuit Breaker Average Velocity is calculated
for the period between the moment when the Main
Contacts make and the time specified before the
make (Figure A.112).

For the Oil Circuit Breaker, if only one transducer
is used, the Instrument uses the Main Contact data
for the phase of the active motion channel.

Final Closed Position

f (end of test)
f ™To Contact Close
Zone 1
¥
Starting Open Position “From™ Phase where the motion
(start of test) Time channel is activated
LI ;
Contact #1 —— 1 1 and the Transducer is
installed.
[
Contact #2 —Y
I I
Contact #3 1

10 20 40 60 80 100
Time (M) bbb o bbb b s v

Figure A.112 Contact Closed Time — Contact Close Circuit Breaker
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For the EHV Circuit Breaker, the Instrument uses
the data for Main Contact 1 from the phase of the
active motion channel (Figure A.113).

Final Closed Position
(end of test)

A o Contact Close

Starting Open PositionJ From
(start of test) Time
rModule #1 _Contact #1 | —T

Contact #2 L

oA 4
Contact #3 !

Contact #4 _,—r

Module #2

f —
Module #1 { # L
B, #2 '_l—
0
Module #2{ #3
A #4 ,_l_
f —| '7
Module #1 { B B
Motion channel is activated
oC 1 #2 and the Transducer is installed
on Phase C.
—
Module #2 { M
* M

Figure A.113 Contact Closed Time — Contact Close EHV Circuit Breaker
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Distance — Contact Close

The Circuit Breaker Average Velocity is calculated
for the period between the moment when the Main
Contacts make and the time specified before the
make (Figure A.114).

Oil Circuit Breaker

Final Closed Position
(end of test)

From
Distance

Phase where motion
channel is activated and
Transducer is installed.

g
#1 L1
#3 H_l_li

Figure A.114 Contact Closed Time — Contact Close Oil Circuit Breaker

Starting Open Position
(start of test)
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For the EHV Circuit Breaker, the Instrument uses
the data for Main Contact 1 from the phase of the
active motion channel (Figure A.115).

EHV Circuit Breaker or Circuit Switcher

From
Zone I Distapte

{ Contact #1 |—|

Starting Open Position
Module #1

0A
Module #2

Module #1
0B {

Module #2

Module #1
0C

Module #2

Contact #2  —

Contact #3_ ——

Final Close Position
(end of test)

To Contact Close

Contact #4,—-—-—-—-—I

[

|

#4

S
—

#2
!

#

|

{
{ !
{
{

#2

— Motion channel is activated
and the Transducer is installed

{M on Phase C.
_#4 T

Figure A.115 Contact Closed Time — Contact Close EHV Circuit Breaker
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Zone 2 is similar to Zone 1 and is totally
independent from Zone 1 (Figure A.116).

! Final Close Position
To Time
T, (end of test)

Ifrom Distance

Phase where motion channel
| / is activated and Transducer
1 | | | is installed.
#2 |
|
1
]
|

#3

. 0 2
Time (MS) [l b o b

Figure A.116 Zone 2 Closed

Interpreting Test Results

The TDR9000 tests parameters and compares them with circuit breaker
specifications. Each tabular printout provides a pass or fail determination

for each measurement corresponding to a limit that was set in the Test
Plan.

This section shows both Breaker Performance Reports and their
associated graphical results.

Important topics are represented by letters defined in text that match
letters called out in specific figures. Refer to the pages referenced for
lengthier discussions of these topics.
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Trip Test Tabulation

Live Tank Breaker

Live Tank and Dead Tank trip Test Results follow, with explanations of

the origination of important results.

test, whose report is shown in Figure A.117.

This discussion covers the characteristics for a Live Tank Circuit Breaker

A See "Digital Discriminator” on page A-55 for details about this
setting.
B See "Res Tab Qualifier” on page A-79 for details

about this setting.

EREAFER PERFOBMANCE REPORT
TDRS000D Version: RE 2,23

Manufacturer : ABB Location: Tall Top Sub
Model Number : ELF SP7-Z Circuit : Cle2
Serial Number: 100315-02 Operator: JHG-TCT

Instr Book # :

Mechanism # @ AHMA-B

Mech Instr # :

Special ID o CLlBZ Operation Counter : 304

Test Type : TRIP Test Plan Name

Test was performed on 10/21/99 at 13:11:44, with digital filter time 32 us.€—— A

Motion Channels 1-3 Transfer Function
8.000 in. Trawel at the contacts is 3,082 in. Trawel at the transducer.

FResistor range selected Z00-500 Ohms
Resistor times tabulated if a 200 uS. resistor state is detected

Insertion resistor duration times tabulated <
Command Parameters Trip Pulse 40.0 ms.

Command Currents Trip Current B.83 & pk.

Figure A.117 Live Tank Breaker Report Header
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Mechanical All the mechanical motion characteristics shown in Figure A.118 and
Motion Figure A.119 on page A-100 are for the Main Contacts. These are the
same for the Main Contacts and the operating rod only when the Transfer
Function is 1:1 (“Transfer Function” on page A-58).
MECHANICAL MOTION CHANNELS 1-3
TRIP OPERATION
|
Specifications | Test results Compare
|
Average velocity in Open zone 1
Maximum 32.80 Ft/Sec | VEL. 1 35.40 Ft/Sec Fail
Minimum  28.80 | VEL. 2 37.16 Fail
Zone 1 2.170 in. to 12.0 mS | VEL. 3 36.27 Fail
Average velocity in Open zone 2
Maximum 32.80 Ft/Sec | VEL. 1 33.28 Ft/Sec Fail
Minimum  28.80 | VEL. 2 37.98 Fail
Zone 2 2.170 in. to  3.170 in. | VEL. 3 33.57 Fail
Total Travel
Expected 8.000 inches | TRAVEL 1 7.703 inches Fail
Tolerance + 0.070 | TRAVEL 2 8.034 Pass
- 0.130 | TRAVEL 3  7.852 Fail
Trip 10/21/1993 13:11 C182 Tall Top Sub ABB ELF SP7-2 Page 1 of 3

Figure A.118 Mechanical Motion Channels 1-3 Trip Operation Section (Continued)

Aok e 72A-1898 Rev. A 11/01
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Expected **x%xx*% inches | TRAVEL 1 0.000 inches
Tolerance + *x*%¥*x% | TRAVEL 2 0.003 |
=k ko ok | TRAVEL 3 0.000 |
Rebound
Expected **x%*x*% inches | TRAVEL 1 0.003 inches
Tolerance + *x*%¥xx% | TRAVEL 2 0.003 |
= ko ko ok | TRAVEL 3 0.003 |

Figure A.119 Mechanical Motion Channels 1-3 Trip Operation Section

Contact Timing

Main Contact timing parameters and specifications are shown in

Figure A.120 and Figure A.121, and the graphical results are shown in

Figure A.122 on page A-102 and Figure A.123 on page A-103.

C The difference in time between the opening of the
two Main Contacts in the module (Figure A.120).

A-100
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EHV CONTACT TIMING
TRIP OPERATION

| Specs:
Main Contact Opening Time Measured From Test Initiation | Maximum 19.0
| Minimum 15.0
Phase A | Phase B | Phase C
Contact | Time |Compare|Contact | Time |Compare|Contact | Time |Compare
| @) | | | (ms) | | | ) |
A-EHV 1| 17.0 | Pass | B-EHV 1] 17.0 | Pass | C-EHV 1] 16.8 | Pass
A-EHV 2| 16.9 | Pass | B-EHV 2| 16.8 | Pass | C-EHV 2] 16.8 | Pass
( | Specs:
Delta Main Contact Opening Time Within a Module| Maximum 0.5
Phase A | Phase B | Phase C
c , , ,
Contact | Time |Compare|Contact | Time |Compare|Contact | Time |Compare
| ms) | | | (ms) | | | (ms) |
A-EHV 1| | | B-EHV 1| | | C-EHV 1|
A-EHV 2| 0.1 | Pass | B-EHV 2] 0.2 | Pass | C-EHV 2| 0.0 | Pass
\
| Specs:
Delta Main Contact Opening Time Within a Phase| Maximum 2.0
Phase A | Phase B | Phase C
Contact | Time |Compare|Contact | Time |Compare|Contact | Time |Compare
| (ms) | | | (ms) | \ | (ms) |
Phase A | 0.1 | Pass |Phase B | 0.2 | Pass |Phase C | 0.0 | Pass
Delta Main Contact Opening Time Within the Breaker
Maximum 2.0 mS | Breaker 0.2 mS | Pass
Trip 10/21/1993 13:11 C182 Tall Top Sub ABB ELF SP7-2 Page 2 of 3

Figure A.120 Motion Characteristics for Main Contacts

E - Main Contact Opening Time Vs Mechanical Motion
D~ Phase A | Phase B | Phase C
Contact | Travel | Vel. |Contact | Travel | Vel. |Contact | Travel | Vel.
| (in.) | (£/s) | | (in.) | (£/s) | [ (in.) | (£/s)
A-EHV 1| 1.269 | 30.28 | B-EHV 1| 1.437 | 24.60 | C-EHV 1| 1.330 | 29.47
A-EHV 2| 1.233 | 29.47 | B-EHV 2| 1.379 | 23.25 | C-EHV 2| 1.330 | 29.47

Figure A.121 Motion Characteristics for Main Contacts (Continued)
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D This is the distance that the Main Contacts travel
from the close position baseline to the point where
they part (last break) (Figure A.122).

™ TRX - [Conference] - HEER
Fil= Edit “iew Toolz Help

5|2 %] &|2| %5 ||

100211993 13:11 - C182 ELF SP7-2 Trip

I\\, '\—r'_.‘o-\_‘f_-__:_\_":-ﬂl.__ 1 1 1 K v 1 T _.
| e
o sfo
T e  BIEE SLETY ERSE SRS CEREE FRPRN SEPR
T 1 ! ! ! ! 1 1 1 1 1
VEL.LAC [1131 ]
Cloze- T T T T T T T T T T T T T |
i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Res. Open- 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
EHY A C.Coo. a2l 112
Close | : : : : | | | | | | | | | | | X
Df_',-l Wet-l 1 v T [ i i 1 1 1 1 i i i i 1
524-CLSE. &
| | | | | | | | | | | | | | | |
[mz] 0 7 14 21 28 35 42 43 56 B3 Fill 7 g4 =1 98 105
Faor Help, press F1 LIk

Figure A.122 Main Contact Travel: Closed to Part
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E This is the Average Velocity measured during the
period from 500 Ms before and 400 Ms after Main
Contacts part (Figure A.123).

™ TRX - [Conference] - mEE
File Edt “iew Toolz Help

a2 % %| 5| 0)|e|

1042111993 13:11 - C182 ELF S5P7-2 Trip
Trip Current
U o e X
2025 - e e Eiistanee Travelled T1TTTT1TTTTiTTTTv s dmo oo
n 405 1
6.075- | ] Shott RUETT SECE! CRURY FURCTCPEPY SEDEE FURDE SECPE PEPRE FORLY
8.1_ ! | I 1 1 1 1 1 1 1 1
TRAVEL .&.C. [113] ]

U |-\' 1 1 1 _\_(_,_,(,-\—..I_-.—— 1 T | | | -|- . 1 N -
e i At LOTT CECRYEUREY EUPLY CECRY FUPCROPLEY CEOPCECRCR EEEPE FEPEY
3425 b ARt SEERI SRR EERET SERRE SEPRE SUREREEEEN SERRT EERERAERER FRRE

45- : . . . . : : : : .

YEL LAC [T13] ]
o Gef—r——— T T~ T T o T T T T 1 1 1 T
- Dpen' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
ERY & C.C . Ja[T12111 | 12]
Close:| " " I I I I i i i i I I I I i |
Drry Wet-l 1 v UL ! I I 1 1 1 1 I | | | 1
52&-CLSE, A
| | | | | | | | | | | | | | | |
[ms] 1] 7 14 21 28 i) 42 43 56 B3 Fill 77 a4 1 93 105
For Help, press F1 l_ IW l—

Figure A.123 Main Contact Average Velocity
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Resistor Figure A.124 and Figure A.125 show the parameters and specifications
Switching for the opening of the resistor switches.
A This is the difference in time between the opening

of the two Resistor Switches in the module
("Resistor Contact Timing Parameters”
on page A-75).

| Specs:
Insertion Resistor Duration Time | Maximum %%
| Minimum *****x

Phase A | Phase B | Phase C
Contact | Time |Compare|Contact | Time |Compare|Contact | Time |Compare
| (ms) | | | (ms) | | | (ms) |
A-EHV 1| 0.0 | | B-EHV 1] | | c-EHV 1]
A-EHV 2| | | B-EHV 2| | | c-EHV 2|
A-EHV 3| | | B-EHV 3| | | C-EHV 3|
A-EHV 4| | | B-EHV 4| | | C-EHV 4|
| specs:

Resistor Switch Opening Time Measured From Test Initiation | Maximum ****%*
| Minimum **%%xx

Phase A | Phase B | Phase C
Contact | Time |Compare|Contact | Time |Compare|Contact | Time |Compare
| (ms) | | | (ms) | | | (ms) |
A-EHV 1| 64.2 | | B-EHV 1| | | c-EHV 1|
A-EHV 2| | | B-EHV 2| | | c-EHV 2|
A-EHV 3| | | B-EHV 3| | | c-EHV 3|
A-EHV 4| | | B-EHV 4| | | c-EHV 4|
( | specs:
Delta Resistor Switch Opening Time Within a Module| Maximum ****%%*
Phase A | Phase B | Phase C
Contact | Time |Compare|Contact | Time |Compare|Contact | Time |Compare
A< | (ms) | | [ (ms) | | | (ms) |
A-EHV 1| | | B-EHV 1] | | c-EHV 1]
A-EHV 2| | | B-EHV 2| | | Cc-EHV 2|
A-EHV 3| | | B-EHV 3| | | c-EHV 3|
A-EHV 4| | | B-EHV 4| | | Cc-EHV 4|
\
| specs:

Delta Resistor Switch Opening Time Within a Phase\ Maximum ****%%

Trip 4/18/1994 10:27 XXXXX Tall Top Sub ABB XJ-9 Page 3 of 4

Figure A.124 Resistor Switches Opening Time
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Contact | Time |Compare|Contact | Time |Compare|Contact | Time |Compare
| ms) | | | ms) | | | ms) |
Phase A | 0.0 | | Phase B | | | Phase C |
Delta Resistor Switch Opening Time Within the Breaker
Maximum ****** mS | Breaker 0.0 mS
B Resistor Switch Opening Time Vs Mechanical Motion
Phase A | Phase B | Phase C
Contact\ | Travel | Vel. |Contact | Travel | Vel. |Contact | Travel | Vel.
(deg) | (da/s) | | (deg) | (da/s) | | (deg) | (da/s)
A-EHV 1| 20.6 899 | B-EHV 1|******* |****** | C-EHV 1|******* | *ok ok ok ok ok
A-EH * Kk |****** | B-EHV 2|******* |****** | C-EHV 2|******* | * Kok ok ok ok
C -
A-EHV 3|******* |****** | B-EHV 3|******* |****** | C-EHV 3|******* | * ok kK ok ok
A-EHV 4|******* |****** | B-EHV 4|******* |****** | C-EHV 4|******* | * Kok Kk kK
| Specs:
Resistor Value | Maximum *#%%xx%
| Minimum ***x*x*
Phase A | Phase B | Phase C
Contact | Ohms |Compare|Contact | Ohms |Compare|Contact | Ohms |Compare
A-EHV 1 | | |B-EHV 1 | | |c-EHV 1 | |
A-EHV 2 | | |B-EHV 2 | | |c-EHV 2 | |
A-EHV 3 | | |B-EHV 3 | | |c-EHV 3 | |
A-EHV 4 | | |B-EHV 4 | | |C-EHV 4 | |

CONTACT MONITORING
TRIP OPERATION

| Test results |

Trip 4/18/1994 10:27 XXXXX Tall Top Sub ABB XJ-9 Page 4 of 4

Figure A.125 Resistor Switches Opening Time (Continued)
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B This is the distance the Resistor Switches travel
from the close position baseline to the point where
they part (last break) (Figure A.126).

™ TR¥ - [Conference]) - mEE
File Edit “iew Tools Help

3|2 || 2|7 | %|3|0|=|
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R e et e T e - ahlti)
83' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1700~ X
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D/5 a
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ot T e B B B e 0 [ e e I SO I X
" Dpen_ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .
ERHY . &[1] =
| I | | I | | I | | I | | | | | |
[mnz] BeY BY3 B9 HBB B31 BAY BO3 BOQ BB B21 B2Y B33 B39 B45H BRI BBV EBE3
For Help, presz F1 LIk

Figure A.126 Resistor Switch Travel: Closed to Part
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™ TR¥ - [Conference] -
File Edit ‘“iew Toolz Help

This is the Average Velocity measured during the
period from 500 ms before and 400 ms after the
Resistor Switches part (Figure A.127).

=
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L S e e e e T A x3
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Trip Current
ot SRS SOPR R USO80 N S0 S S0 SSTPTO
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For Help. press F1 l_ HLIM
Figure A.127 Resistor Switch Average Velocity
A-107
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Voltage and Figure A.128 shows the parameters and specifications for voltage and
Current current monitoring.
Monitoring A These are the peak values for each voltage and

current waveform monitored during circuit breaker
operation that are tabulated.

This is the time of the first transition (of the
auxiliary contact being monitored) measured from
the initiation of the test.

WoLTAGE HONITORING
TRIF CPERATIOH

- T
Test resul &% i Range i
i E1 165,9 ¥ pk | JB-368 Volts !
A
CURRENT HDHITOR1HG
TRIF DPERATLON
]
Teer results : Range
1 Il B.643 V pk | Shunt, Y

CONTACT _NOKI

TORING
TRIF DPERATLOH

Teet\geraulte

1 E1 18.6 m%
P e 17 .

Figure A.128 Voltage and Current Monitoring

A-108
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Dead Tank Circuit Figure A.129 and Figure A.130 on page A-110 show the report for a
Breaker Dead Tank Trip Test.

BREAKER PERFORMANCE REPCRT
TDRS000 Version: RE 2.24

Manufacturer : SPRECHER SCHUH Location: Dead Tank Gas Sub
Model Number : HE 308 Circuit : TRAFO 2
Serial Number: Z2132452-03 Operator:

Instr Book #

Mechanism #

Mech Instr #

Special ID : BARDR Cperation Counter
Test Type : TRIP Test Flan Name

Test was performed on 01/20/99% at 11:08:33, with digital filter time 30 ps.

Motion Channels 1-3 Transfer Function
1.000 em. Trawel at the contacts is 1.000 em. Travel at the transducer.

Resistor range selected 300-TKE Ohms
Feszistor times tabulated if a 200 pS. resistor state is detected
Insertion resistor duration times tabulated

Command Parameters Trip Pulse 68,86 m3.

Command Currents Trip Current 3.14 A pk.

MECHANICAL MOTION CHANNELS 1-3
TRIP OPERATION

Specifications | Test results | Compare

Taotal Trawvel

Expected whkkkdkd coapntimeters | TRAVEL 1 14.767 centimeters |
Tolerance 4+ ***&ki+ | TEAVEL 2
— kkkkhhk | TRAVEL 3 |

Overtravel

Expected Fhkkkdkdr centimeters | TRAVEL 1 0.013 centimeters |
Tolerance + ***keds | TEAVEL 2
— hkhkkkkkk I TEAVEL ‘3 I
Rebound
Expected kkkkkkd coppntimeters | TEAVEL 1 0.032 centimeters |
Tolerance 4 **kkkks | TEAVEL 2
— hdkdkkkkk I TEAVEL ‘3 I

Figure A.129 Dead Tank Breaker Trip Tabular Report

AR 7271898 Rev. A 11/01 A-109
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Close Test Tabulation

Main Contact Opening Time Measured From Test Initiation
Specifications | Test results | Travel | Velocity Compare
Maximum ***xxx mS | PHASE 0 24.0 mS | 4.299 cm.| 5.207 m/s|
Minimum **%x%x* | PHASE 4 24.3 | 4.455 | 5.239 |
| PHASE 8 24.0 | 4.299 | 5.207 |
Delta Main Contact Opening Time Within the Breaker
Specifications Test results | Ccompare
Maximum ***xxx mS | Breaker 0.3 mS

Figure A.130 Dead Tank Breaker Trip Tabular Report (Continued)

Close Test Tabulation

This discussion presents results for a Close test, with explanations of the
origination of important results. The Breaker Report is shown in
Figure A.131.

A The auxiliary switch monitored by the AUX contact
triggers the timing of the Main Contacts, which
happens to be 15.3 ms after test initiation
(Figure A.133 on page A-113). This is useful when
timing specifications are based on close coil
energization rather than test initiation.

A-110

72A-1898 Rev. A 11/01 dﬂ@



TDR9000™ Circuit Breaker Test System User’s Guide

BEREAFER PERFORMANCE EEPORT
TDR200D0 Version: RE 2.24

Manufacturer : ABB Location: Tall Tep Sub
Model Number : ELF SP7-2 Cireuit : ClE2
Serial Number: 100315-02 Operator: JHG-TCT

Instr Book #

Mechanism # : AHMR-8

Mech Instr #

Special ID i Cle2 Operation Counter : 304

Test Type : CLOSE Test Plan Name

Test was performed on 10/21/8% at 14:21:50, with digital filter time 32 ps.

Motion Channels 1-3 Transfer Function
8.000 in. Travel at the contacts is 3.0BZ in. Travel at the transducer.

Motion Channels 4-& Transfer Function
1.000 in. Travel at the contacts is 1.000 in. Travel at the transducer.

Resistor range selected Z00-500 Ohms
Resistor times tabulated if a 200 ps. resistor state is detected
Insertion resistor duration times tabulated

A—’ Test Initiation to 3400 Contact Channel 1 = 15.3msS
Command Parameters Close Pulse 133.3 ms.
Command Currents Close Current 0.78 A pk.

MECHANICAL MOTION CHANNELS 1-3
CLOSE OFERATION

Specifications | Test results | Compare

Average velocity in Close zone 1

Maximum 15.00 Ft/Sec | VEL. 1 11.5% Ft/Sec | Fail
Minimum 1z.00 | VEL. 2 13.68B | Pass
Zone 1 2.170 in. to 10.0 ms | VEL. 3 11.72 | Fail

Average wvelocity in Close zone 2

Maximum 15.00 Fr/sec | VEL. 1 18.18 Fr/sSec | Fail
Minimum 1z.00 | VEL. 2 18.83 | Fail
Zone 2 2.170 in. te 2,170 in. | VEL. 3 18.88 | Fail

Total Travel

Figure A.131 Dead Tank Breaker Close Tabular Report

AR 7271898 Rev. A 11/01 A-111
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L

Main Contact Main Contact parameters and specifications are shown in Figure A.132
and Figure A.133. Graphical results are shown in and Figure A.134 on
page A-114 and Figure A.135 on page A-115.

- kkkkkkk | TRAVEL 6 0.054
Rebound
Expected *x*%%%% inches | TRAVEL 4 0.004 inches
Tolerance + **xxxxx | TRAVEL 5 0.004
S Rk KKKk | TRAVEL 6 0.010

Contact Wipe

Expected *xxxxx% inches | TRAVEL 4 1.603 inches
Tolerance + ****xxx | TRAVEL 5 1.684
S kkkkkkk | TRAVEL 6 1.591

EHV CONTACT TIMING
CLOSE OPERATION

| Specs:
Main Contact Closing Time Measured From 3400 Cont. CH 1 | Maximum 60.0
| Minimum  50.0
Phase A | Phase B | Phase C
Contact | Time |Compare|Contact | Time |Compare|Contact | Time |Compare
| ms) | | | ms) | | | (ms) |
A-EHV 1| 54.4 | Pass | B-EHV 1| 52.9 | Pass | C-EHV 1| 54.0 | Pass
A-EHV 2| 54.6 | Pass | B-EHV 2| 53.1 | Pass | C-EHV 2| 54.0 | Pass
( | Specs:
Delta Main Contact Closing Time Within a Module| Maximum 0.5
Phase A | Phase B | Phase C
B<
Contact | Time |Compare|Contact | Time |Compare|Contact | Time |Compare
| (ms) | | | ms) | \ I ms) |
A-EHV 1| | | B-EHV 1| | | C-EHV 1|
A-EHV 2| 0.2 | Pass | B-EHV 2| 0.2 | Pass | C-EHV 2| 0.0 | Pass
\
| Specs:
Delta Main Contact Closing Time Within a Phase| Maximum 2.0
Phase A | Phase B | Phase C
Contact | Time |Compare|Contact | Time |Compare|Contact | Time |Compare
| (ms) | | | ms) | \ [ (ms) |
Phase A | 0.2 | Pass |Phase B | 0.2 | Pass |Phase C | 0.0 | Pass

Figure A.132 Delta (Difference) in Main Contacts Travel Time

A-T112 72A-1898 Rev. A 11/01
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B The delta (difference) in time between the closing
of the two Main Contacts in the module
(Figure A.133). Refer to “Main Contact Timing —
Close” on page A-72.

Maximum 2.0 mS | Breaker 1.5 mS | Pass

Main Contact Closing Time Vs Mechanical Motion Channels 1-3

Phase A | Phase B | Phase C
Contact | Travel | Vel. |Contact | Travel | Vel. |Contact | Travel | Vel.
[ n.) | (£/s) | | (in.) | (£/s) | [ dn.) | (£/s)
A-EHV 1| 6.022 | 12.98 | B-EHV 1| 6.181 | 15.68 | C-EHV 1| 6.152 | 14.33
A-EHV 2| 6.055 | 12.71 | B-EHV 2| 6.220 | 15.41 | C-EHV 2| 6.152 | 14.33

Main Contact Closing Time Vs Mechanical Motion Channels 4-6

(: Phase A | Phase B | Phase C
“‘Tyny;mu;.kj&avel | Vvel. |Contact | Travel | Vel. |Contact | Travel | Vel.
,,,JEB*L'P%f/S) | [ (in.) | (£/s) | [ (dn.) | (£/s)
D A-EHV 1| 6.281 | 12.29 | B-EHV 1| 6.199 | 12.40 | C-EHV 1| 6.289 | 12.40
A-EHV 2| 6.311 | 11.88 | B-EHV 2| 6.229 | 12.40 | C-EHV 2| 6.289 | 12.40
| Specs:
Insertion Resistor Duration Time | Maximum 9.0
| Minimum 5.0
Phase A | Phase B | Phase C
Contact | Time |Compare|Contact | Time |Compare|Contact | Time |Compare
| ms) | | | ms) | | | ms) |
A-EHV 1| 8.1 | Pass | B-EHV 1] 7.1 | Pass | C-EHV 1] 7.0 | Pass
A-EHV 2| 8.2 | Pass | B-EHV 2] 7.1 | Pass | C-EHV 2| 7.3 | Pass
| Specs:

Resistor Switch Closing Time Measured From 3400 Cont. CH 1 | Maximum ****%%
| Minimum ***%%x

Phase A | Phase B | Phase C
Contact | Time |Compare|Contact | Time |Compare|Contact | Time |Compare
| s | | | s | | | s |
A-EHV 1| 46.3 | | B-EHV 1| 45.8 | | c-EHV 1| 47.0
A-EHV 2| 46.4 | | B-EHV 2| 46.0 | | c-EHV 2| 46.7
| Specs:
Delta Resistor Switch Closing Time Within a Module| Maximum 2.0
Close 10/21/1993 14:21 C182 Tall Top Sub ABB ELF SP7-2 Page 4 of 6

Figure A.133 Delta (Difference) in Main Contacts Travel Time
(Continued)
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L

C This is the distance the Main Contacts travel from
the fully open position to the first make
(Figure A.134).
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Figure A.134 Main Contacts Time: Fully Open to First Make
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D This is the Average Velocity measured during the
period from 500 ms before and 400 ms after Main
Contacts make (Figure A.135).
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Figure A.135 Average Velocity for Main Contacts Close
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Resistor Timing

Resistor Timing parameters and specifications are shown in Figure A.136,
Figure A.137, and Figure A.138 on page A-118. Graphical results are
shown in Figure A.139 on page A-118 and Figure A.140 on page A-119.

A This is the difference in time between the closing of
the two Resistor Switches in the module
(Figure A.138 on page A-118). Refer to “Resistor
Switch Timing — Close” on page A-77

| specs:
Insertion Resistor Duration Time | Maximum 9.0
| Minimum 5.0
Phase A | Phase B | Phase C
Contact | Time |Compare|Contact | Time |Compare|Contact | Time |Compare
| ms) | \ | ) | | | ms) |
A-EHV 1| 8.1 Pass | B-EHV 1] 7.1 | Pass | C-EHV 1] 7.0 | Pass
A-EHV 2| 8.2 Pass | B-EHV 2| 7.1 | Pass | C-EHV 2| 7.3 | Pass
| specs:
Resistor Switch Closing Time Measured From 3400 Cont. CH 1 | Maximum ****%%*
| Minimum %%
Phase A | Phase B | Phase C
Contact | Time |Compare|Contact | Time |Compare|Contact | Time |Compare
| (ms) | \ | (ms) | | [ (ms) |
A-EHV 1| 46.3 | | B-EHV 1] 45.8 | | C-EHV 1| 47.0
A-EHV 2| 46.4 | | B-EHV 2| 46.0 | | Cc-EHV 2| 46.7
| Specs:
Delta Resistor Switch Closing Time Within a Module| Maximum 2.0
Close 10/21/1993 14:21 C182 Tall Top Sub ABB ELF SP7-2 Page 4 of 6

Figure A.136 Delta Time for Resistor Switches in a Module
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A
S Phase A | Phase B | Phase C
Contact | Time |Compare|Contact | Time |Compare|Contact | Time |Compare
| (ms) | | | (ms) | | | (ms)
A-EHV 1| | | B-EHV 1| | | C-EHV 1|
A-EHV 2| 0.1)] Pass | B-EHV 2| 0.2 | Pass | C-EHV 2| 0.3 | Pass
| Specs:
Delta Resistor Switch Closing Time Within a Phase| Maximum 2.0
\
Phase A | Phase B | Phase C
Contact | Time |Compare|Contact | Time |Compare|Contact | Time |Compare
| ms) | | | ms) | ! | ms) |
Phase A | 0.1 | Pass |Phase B | 0.2 | Pass |Phase C | 0.3 | Pass
Delta Resistor Switch Closing Time Within the Breaker
Maximum 2.0 mS | Breaker 1.2 mS | Pass
Resistor Switch Closing Time Vs Mechanical Motion Channels 1-3
Phase A | Phase B | Phase C
Contact | Travel | Vel. |Contact | Travel | Vel. |Contact | Travel | Vel.
[ Gin.) | (£/s) | | (in.) | (£/s) | | (in.) | (£/s)
A-EHV 1| 4.439 | 20.28 | B-EHV 1| 4.640 | 20.01 | C-EHV 1| 4.708 | 19.47
A-EHV 2| 4.461 | 20.01 | B-EHV 2| 4.689 | 19.74 | C-EHV 2| 4.637 | 19.47

B C

esistor Switch Closing Time Vs Mechanical Motion Channels 4-6

Phase A | Phase B | Phase C
Contact | C{ravel | YVel. |Contact | Travel | Vel. |Contact | Travel | Vel.
| in.) | (£/s) | | (in.) | (£/s) | | (in.) | (£/s)
A-EHV 1| 5.019 | 13.75 | B-EHV 1| 5.059 | 14.17 | C-EHV 1| 5.125 | 14.27
A-EHV 2| 5.035 | 13.85 | B-EHV 2| 5.093 | 14.17 | C-EHV 2| 5.074 | 14.27
| Specs:
Resistor Value | Maximum 250
| Minimum 225
Close 10/21/1993 14:21 C182 Tall Top Sub ABB ELF SP7-2 Page 5 of 6

Figure A.137 Delta Time for Resistor Switches in a Module (Continued)
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Contact | Ohms |Compare|Contact | Ohms |Compare|Contact | Ohms |Compare
I I I | I

A-EHV 1 | 238 | Pass |B-EHV 1 | 236 | Pass |C-EHV 1 | 233 | Pass

A-EHV 2 | 236 | Pass |B-EHV 2 | 234 | Pass |C-EHV 2 | 245 | Pass

Figure A.138 Delta Time for Resistor Switches in a Module

B This is the distance the Resistor Switches travel
from the fully open position to the first make
(Figure A.139).
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Figure A.139 Resistor Switches Time: Fully Open to First Make
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C This is the Average Velocity measured during the
period from 500 ms before and 400 ms after the
Resistor Switches make (Figure A.140).
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Figure A.140 Average Velocity for Resistor Switches
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Trip-Free Test Tabulation

Trip-Free Test Tabulation

This section discusses the characteristics of Trip-Free test results.
Figure A.141 shows a Trip-Free Breaker Test Report.

Refer to "Trip Free Parameters (C-O)” on page A-43 for more information
on these parameters.

A Delay 1 Length is shown in Figure A.145 on
page A-123.
Delay 1 is:
e 8.3 ms if Standing option is used

e Time selected in Trip Parameters, if the Delay
option is used.

e Time from close command initiation to
contact 1 make if the Contact Make option
is used.

EBEREAKEFR FPERFOPMANCE REPORT
TDR2000 Version: RE 2.24

Manufacturer : ME Location: Big Tank Sub
Model Number : CG-38 Circuit : 227
Serial Number: 26751 Operator: NE

Instr Book # :

Mechanism # : OA-3

Mech Instr #

Special ID 227 Operation Counter :
Test Type : TRIP-FREE Test Plan Name

Test was performed on 06/11/88 at 10:44:51, with digital filter time 30 psS.

Motion Channels 1-3 Transfer Function
1.000 in. Trawvel at the contacts is 1.000 in. Trawvel at the transducer.

Resistor range selected None

Command Parameters Trip Fulse 1467.0 ms. Close Pulse 150.0 ms.
Delay 1 133.0 ms. (Delay
Command Currents Trip Current %.47 A pk. Close Current 5.65 A pk.

Figure A.141 Dead Tank Breaker Trip Free Tabular Test Report Header
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Dwell Time The callouts (B and C) in Figure A.144 on page A-122 show the
parameters and specifications that effect Dwell times for a breaker.

B This is the time when all Main Contacts within a
phase are closed during trip-free operation
(Figure A.142).

Contact #1
oA
Contact #2
Dwell |F——
Last to close Time
T
First to open __I
=

Figure A.142 Trip-Free Test Operation for a Phase (Live Tank Breaker)

Within the phase, the Dwell time (Figure A.144 on page A-122) is
measured as the difference between the time required for the first
Main Contact to open and the last Main Contact to close.

C This is the time when all Main Contacts within the
circuit breaker are closed during trip-free operation
(Figure A.143).

e —| }
SLAN— I
] I }
#3 |
# Mowel| L }OC

Lastto close | Time_

First to open |

Figure A.143 Trip-Free Test Operation Within a Breaker
(Live Tank Breaker)
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Trip-Free Test Tabulation

OCB CONTACT TIMING
TRIP-FREE OPERATION

Trip-Free Dwell Time Within a Phase

B Specifications | Test results | Ccompare
AN
Maximumx 88.0 mS | Phase A 33.7 mS | Pass
Minimum 17.0 | Phase B 34.0 | Pass
| Phase C 32.5 | Pass
(:\\ Trip-Free Dwell Time Within the Breaker
Specifications | Test results | Compare
| Breaker 34.0 mS | Pass
Main Contact Closing Time Measured From Test Initiation
Specifications Test results Travel | Velocity Compare
Maximum 333.0 mS | CONTACT1 130.1 mS | 11.570 in.| 13.23 f£/s| Fail
Minimum 217.0 | CONTACT2 129.9 | 11.538 | 12.50 | Fail
| CONTACT3 130.5 | 11.639 | 13.23 |  Fail
Delta Main Contact Closing Time Within the Breaker
Specifications | Test results | Compare
Trip-Free 6/11/1998 10:44 227 Big Tank Sub ME CG-38 Page 1 of 2

Figure A.144 Dwell Times within a Circuit Breaker
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D Average Velocities (Figure A.145) as specified for
the trip operation are tabulated here. The close
position baseline cannot be clearly defined during
trip-free operation. Consequently, if close position
baseline is used to specify the Average Velocity
Zone in trip operation (for example, if the zone is
defined by distance-distance or distance-time), this
velocity is not tabulated for trip-free operation.

MECHANICAL MOTION CHANNELS 1-3
TRIP OPERATION

( \ |

Specifications | Test results | Compare

Average velocity in Open zone 2

Maximum 15.50 Ft/Sec | Ft/Sec |
D Minimum 12.60 | VEL. 2 14.42 |  Pass
Zone 2 Open to 6.250 in. |

Average velocity in Close zone 2

Maximum 17.00 Ft/Sec | Ft/Sec
Minimum 15.00 | VEL. 2 15.86 | Pass
Zone 2 6.250 in. to Close |

\

Figure A.145 Trip-Free Test Mechanical Motion — Average Velocities
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Reclose Test Tabulation

This section discusses the characteristics of the Reclose test results.
Figure A.146 shows the top portion of the Breaker test report for a
Reclose test. Refer to “Reclose Parameters (O-C)” on page A-45 for
more information on these parameters.

BEEAKEF PERFOFMANCE EEPORT
TDR2000 Version: RE 2.24

Manufacturer : ME Location: Big Tank Sub
Model HNumber : CG-3B Cirguit : 227
Serial Number: 26751 Operator: NE

Instr Book # :

Mechanism # : DA-3

Mech Instr # :

Special ID o227 Operation Counter :
Test Type : TRIP-FREE Test Plan Name

Test was performed on 06/11/8%8 at 10:44:51, with digital filter time 30 pus.

Motion Channels 1-3 Transfer Function
1.000 in. Trawvel at the contacts is 1.000 in. Travel at the transducer.

Fesistor range selected None

Command Parameters Trip Pulse 14687.0 ms. Close Pulse 150.0 ms.
Delay 1 133.0 mS. (Delay
Command Currents Trip Current 9.47 A pk. Close Current 5.85 A pk.

Figure A.146 Dead Tank Breaker Reclose Test Report — Header

A Dead Time
This is the time when at least one Main Contact

within a phase is open during the reclose operation
(Figure A.147).

Contact #1

I B L
Contact #2 } o

First to open

I Dead Time_

—
-

Last to close

-

Figure A.147 Reclose Dead Time within a Phase
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Within the phase, the Dead time is calculated as the difference
between the time required for the last Main Contact to close and the
first Main Contact to open.

B Dead Time with a Circuit Breaker
This is the time when at least one Main Contact
within the circuit breaker is open during the
reclose operation (Figure A.148).

Contact #1
D .,
Contact #2 I—Ii
#1
I N N ¥
#2 I—
#1
L e
#2 S
First to open I
Lastto close _ | . Dead Time

Figure A.148 Reclose Operation within a Circuit Breaker
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Main Contact Opening Time measured from

Test Initiation

This is the time from test initiation to Main Contact

make (Figure A.149).

D Main Contact Reclosing Time measured from
Test Initiation
This is the time required for the last contact to
close (measured from test initiation).
E Delta Main Contact Reclosing Time within the
Breaker
This is the allowable difference in time for reclose
of all Main Contacts within the breaker.
OCB CONTACT TIMING
RECLOSE OPERATION
A\. Reclose Dead Time Within a Phase
Specifications | Test results | Compare
Maximum 333.0 mS | Phase A  315.6 mS | Pass
Minimum 250.0 | Phase B 315.7 | Pass
B | Phase C 316.6 | Pass
Reclose Dead Time Within the Breaker
\Specifications | Test results | Compare
| Breaker 315.4 mS | Pass
C Main Contact Opening Time Measured From Test Initiation
\ﬁkSpecifications | Test results |  Travel | Velocity | Compare
Maximum  50.0 mS | CcONTACT1 20.1 mS | 0.799 in.| 10.42 f/s| Pass
Minimum 0.0 | CONTACT2 20.3 | o0.824 | 10.42 | Pass
| CONTACT3 19.7 | 0.750 | 10.00 | Pass
D\\ Main Contact Reclosing Time Measured From Test Initiation
Specifications | Test results |  Travel | Velocity | Compare
Maximum 333.0 mS | CONTACT1 335.7 mS | 0.735 in.| 11.67 f/s| Fail
Minimum 217.0 | CONTACT2 336.0 | 0.689 | 12.81 |  Fail
| CONTACT3 336.3 | 0.637 | 13.75 |  Fail
E
Delta Main Contact Reclosing Time Within the Breaker
A Specifications | Test results | Compare
Maximum 4.0 mS | Breaker 0.6 mS | Pass

Figure A.149 Reclose Contact Timing Parameters And Specifications
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Average Velocity measured in the Zone specified
for a trip test (Figure A.150).

Average Velocity measured in the Zone specified
for a close test (Figure A.150).

( | \
Specifications | Test results | Ccompare
| \
F< Average velocity in Open zone 1
Maximum 15.50 Ft/Sec | Ft/Sec
Minimum 12.60 | VEL. 2 13.66 | Pass
Zone 1 0.250 in. to  6.500 in. |
.
Average velocity in Open zone 2
Maximum 15.50 Ft/Sec | Ft/Sec
Minimum 12.60 | VEL. 2 14.58 | Pass
Zone 2 Open to  6.250 in. |
Average velocity in Close zone 1
,
Maximum 17.00 Ft/Sec | Ft/Sec
Minimum  15.00 | VEL. 2 ***%kx
Zone 1 6.500 in. to  0.250 in. |
(;< Average velocity in Close zone 2
Maximum 17.00 Ft/Sec | Ft/Sec
Minimum  15.00 | VEL. 2 16.97 | Pass
Zone 2 6.250 in. to Close |
-

Figure A.150 Average Velocity Characteristics for a Reclose Test
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O-C-O Test Parameters

This section discusses the characteristics of the O-C-O test results.
Figure A.151 shows the top portion of the Breaker test report for an
O-C-O test. Refer to "O-C-O” on page A-47 for more information on
these parameters.

BREAKER PERFORMANCE REPORT
TDR9000 Version: RE 0.00

Manufacturer : GE Location: Westborough
Model Number : FK 121 43000 4 Circuit :
Serial Number: 0202A9405-701 Operator:

Instr Book # :

Mechanism # : TP CREATED 8/9/99

Mech Instr # : BY PHIL PROUT

Special ID : Westborough Operation Counter :

Test Type : 0-C-0 Test Plan Name

Test was performed on 10/14/1999 at 12:28:49.

Motion Channels 1-3 Transfer Function
1.000 in. Travel at the contacts is 1.000 in. Travel at the transducer.

Resistor range selected 300-7K Ohms
Resistor times tabulated if a 200 pS. resistor state is detected
Insertion resistor duration times tabulated

Command Parameters Trip Pulse 66.6 mS. Close Pulse 133.3 mS.
Delay 1 8.3 mS. Delay 2 113.3 mS.
Command Currents Trip Current ****x* A pk. Close Current *****x A pk.

Figure A.151 Breaker Test Report for an O-C-O Test
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Appendix B. Troubleshooting and Parts
Replacement

This appendix covers troubleshooting for the TDR9000 and related parts
replacement procedures.

Troubleshooting

The topics that follow discuss these troubleshooting-related areas:

* Running and interpreting the results of the Self-Diagnostics test
* Analyzing the system for specific problems
e Troubleshooting tools designed to pinpoint problems based on
symptoms, including:
e Troubleshooting flowcharts
e A Problem/Solution table
e Adrawing, from the top view, of the circuit boards that
comprise the system

¢ Interpreting TDR9000 LEDs
Self-Diagnostics Test

The Self-Diagnostics test is comprised of the two different automated test
sequences defined below. For both tests, all external stimuli are
physically disconnected from the inputs using relays that switch
simulated test signals into each of the sensor channels.

Global Self Test This test always runs and if it detects no failures,
completes the Self-Diagnostics cycle. It sources test
signals to the Physical Front Panel. Isolation of the
Physical Front Panel is achieved by breaking the
input circuit just inside the front panel connector.

AN 70A-1898 Rev. A 11/01 B-1
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Self-Diagnostics Test

NOTE

Local Self Test This test only runs if the Global Self-Test detects a
failure. It localizes the failure by sourcing test
signals to the sensing cards. Isolation of the sensing
cards is achieved by breaking the circuit just as the
signal enters the backplane card. The backplane
cards are responsible for providing the interface
between the system processor and the front panel
modules.

The combination of these two tests allow the controller software to
isolate functional failures to the circuit board/module level. The
Self-Diagnostics test simulates a circuit breaker test without activating the
Trip or Close output signals. During this test, hardware circuitry provides
test signals that are tailored to functionally test each type of input
channel associated with the TDR9000 system. Channels of the same type
are provided with identical signals.

The Trip/Close Current board is physically located in the Trip/Close
module; however, its functionality is implemented through the System
module of the Physical Front panel. For the Trip/Close Current module,
if the Self-Diagnostic fails only during the Global phase, it reports the
failure as being related to the System module and reports the internal
circuit board responsible for this module’s operation.

B-2
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To run the Self-Diagnostics test:

NoTE This test can be run with cables connected to the Instrument.
| 1. Click Self-Diag. from the test picklist on the upper right corner of the
L TDR9000 tab.

The Run Self-Diag. Test button appears on the TDR9000 tab.
2. Click Run Self-Diag. Test.

3. The Self Test window appears, as shown in Figure B.1.

E"}Eexample.ldl - TrxField

File  Wiew Help
BEEENEREED
TestPlan TDRS000 |
Self Test Self Diag. j
Contirue |
Cancel Test |

For Help. press F1 | [HUM |

Figure B.1 Self-Diag Test

4. Click Continue.

AN 70A-1898 Rev. A 11/01 B-3
et -



Self-Diagnostics Test
-]

The TDR9000 controller configures the Instrument to run a test that
uses the signal generators in the Physical Front Panel modules. The

system is armed and the window prompts for the Safety Switch to be
pressed, as shown in Figure B.2.

%example.ldl - TrxField

File View Help

S =]

TestPlan  TORS000 |

Global Self Test Self Diag. El

To start the self test, press Safety switch and hold continously until alarm stops. Eontinue |

Cancel Test |

Front Panel Sensing Card

B o

For Help, press F1 | [NUM |

Figure B.2 Safety Switch Operation

5. Press the Safety Switch and hold until the alarm ceases.
If the safety switch is not pressed:

¢ Within 60 seconds, the test is aborted
or

Until the alarm ceases, the test is aborted and the window shown
in Figure B.3 appears

Test Aborted E

& Safety switch not pregzed within 1 minute, Test was abaorted,

Figure B.3 Test Abort Message

72A-1898 Rev. A 11/01 dﬂb
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Once the test begins, the window appears as shown in Figure B.4.
The first test run is the Global Self Test. A status bar appears as the
TDR9000 collects data about the validity of source signals on the
Physical Front Panel. This test requires several minutes to complete
and can take longer for fully populated units.

Eexample.ldl - TrwField

File “iew Help

SEEEIERED]

TestPlan  TDRS00C |

Global Self Test Executing Selilian) j
ContinLe |

Cancel Collection

|: Collecting data.
Front Panel Sensing Card
/1‘/ Sensor [

o ]

For Help, press F1 [ [NUM |

Figure B.4 Global Self Test

A status bar appears as results are calculated.
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Self-Diagnostics Test

If no failures are detected, the test ends with the Global Self Test
complete. If a failure is detected, the software moves on to the Local Self
Test (Figure B.5). An alarm sounds and, as with the Global Self Test, the
Safety Switch must be pressed within 60 seconds.

E example_tdl - TrxField

File View Help
||e|a| s(2e] =
TestFlan  TDRS00D |
Local Self Test S ol j
To start the self test, press Safety switch and hold continously until alarm stops. Continue |
Cancel Test |
Front Panel Sensing Card
| % Sensor
o <]

For Help, press F1 | [HUM |

Figure B.5 Local Self Test

6. Press the Safety Switch until the alarm ceases.

Once this second part of the test begins, the window appears as
shown in Figure B.6. A status bar appears as the TDR9000 collects
data about the validity of source signals sent through the sensing
cards, the cards responsible for signal processing for all test types
during normal operation. This test requires several minutes to
complete, and is longer for fully populated Instruments.

B-6 72A-1898 Rev. A 11/01 dﬂ@
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[ example.tdl - TrxField HEER
File Wiew Help
NEECENEET
Test Plan  TDRI00D |
Local Self Test Executing Eclfiflag] j
Cancel Collection
[ Callecting data.
Front Panel Sensing Card
% Sensor
2 o]
For Help, press F1 [ NOM]

Figure B.6 Local Self Test Executing

A status bar appears as results are calculated.

If a failure is found, a window appears containing the slot or location of
the failed circuit board or module, a part for the circuit board or module
and a notation as to the type of failure (Figure B.7).

TDR3Y000 Self Test Results | ]
Self Test Results
A functional failure has been detected. o
The failure has been isolated to:
Channel Dohkle B/M Backplane location
Main Contact - Master Phase A1 043-0692-01 12
Main Contact - Master Phase A2 043-0692-01 12
Main Contact- Slawve Phase B 1 043-0692-03 1
Main Contact- Slawve Phase B2 043-0692-03 1
Main Contact - Master Phase C1 043-0692-01 12 LI

Sawve As |

Figure B.7 Self-Test Failure
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Self-Diagnostics Test
-]

information on this window is helpful to Doble personnel in
troubleshooting. Data gathered includes:

e Motion Transducer receiver results

e Contact timing and resistor timing measurement

* Analog and Auxiliary contact status

There is no way to directly print this data; however, it can be saved using
the Save button and saving the results presented to a .txt file.

If no failures are found, the TDR9000 Self Test Results window appears,
as shown in Figure B.8.

x
Selt Test Resuks
Al chanrels PASSED furelional test =]

Praze 'O o e o lnsinument Conbiod Screen

S A

Figure B.8 TDR9000™ Self Test Results
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Backplane Board
Registration Errors

NOTE

Cable-In Bits
Failure

It is possible that a backplane board (VME Bus, slots 1 through 12) in the
TDR9000 can fail in such a way that the board is not recognized by the
Instrument. If this happens, there is no failure indication at power up, nor
will the Self-Diagnostics test report a failure. All built-in tests require that
the relevant backplane board be recognized in the flrst place.

This condition can be detected in two ways:

e Observe the Virtual Front Panel, and compare it to the Physical
Front Panel of the TDR90OO. If there is a front panel module (or
modules) on the Instrument that is not being represented on the
VFP, one or more of the backplane boards associated with that
module may not be registered. This can be a result of damaged
connectors or poor seating of the board in the backplane; or, the
board’s electronics may have a problem.

e Use the diagram shown in Figure B.12 on page B-16 to determine
which board is causing the problem. A backplane board that is
not registered will not display a green LED indication. Before
replacing the board, check the integrity of the connectors, and if
the connectors appear to be OK; try reseating the board.

It is possible that failure in a Physical Front Panel module may cause the
same symptom as in the first bullet. If the LEDs on the associated
backplane boards appear OK (green), then the Physical Front Panel
module is suspect.

This failure occurred in several early units because the cable-in sense bit
inputs on the EHV module front panel connectors were not sufficiently
protected against extreme high levels of Electro-Static Discharge (ESD).
The damaged units had been used in EHV transmission yards, where ESD
is most severe.

The most common symptom was that one or more cable-in bits failed in
an active condition, giving the false indication that an EHV cable (or
cables) was connected when it was not. This did not prevent the
Instrument from being used to perform EHV testing. It did prevent the
Instrument from being used for OCB testing, because there is a
crosscheck in the firmware that does not allow a test to be run when the
Instrument thinks that both OCB and EHV cables are connected.
Damaged cable-in bit circuitry is not detected as part of the
Self-Diagnostics test, and will most likely to be detected while attempting
to perform an OCB test. It can also be detected by observing that the
Virtual Front Panel indicates channel readly status on EHV connectors
that have no cable attached.

AN 70A-1898 Rev. A 11/01 B-9
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Troubleshooting Flow Chart

Troubleshooting Flow Chart

The flow charts shown in Figure B.9 on page B-11 and Figure B.10 on
page B-12 assist in troubleshooting TDR9000 operations. They start from
TDR9000 trouble indications, LEDs, non-operation, etc., and proceed

through to pinpointing the origin of the trouble down to the circuit board
level.

B-10
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Power up PC

and TDR9000.

Does
Power DC
LED turn

green?

VFP = Virtual Front Panel

1. Check AC input cable
2. Check P/S fuses
[replace if necessary|

[If OK]

\ 4

Replace P/S assembly
("Power Supply” on page B-26). [¢
Yes
Reseat or replace
RS-232 cable
Y
Does Is
VFP on PC RS-232 cable
match OK and seated
TDR9000? properly?
Yes
4
Run Continuit Are OCB Is the
Replace Fail Y or EHV cables internal Yes
Test on OCB -
cable or EHIV* suspected communications
bad? LED lit?
* OCB and EHV cables cannot be
connected at the same time
("Cable-In Bits Failure” on page B-9).
No
Pass
Not Steady
v Check LED on , Green Reseat or
CPU Board - Swap CPU
A
Steady Green
v
Contact Doble
Figure B.9 Troubleshooting Flow Chart |
AR 72A-1898 Rev. A 11/01 B-11
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Troubleshooting Flow Chart

v

Run Self-Diagnostic
from VFP

Does No
Self-Diagnostic > Replace Failed Module | —
pass?
Yes
. N Run Trip/Close Function Test
Trlp/c|o§e o p{ ("Trip/Close Function Test”
Functioning on page B-28)
oK?
B »| Yes
h 4
1. Remove top cover of TDR9000.
2. Verify that all circuit board LEDs are green
(Figure B.12 on page B-16)
3. Verify D8 and D18 LEDS are blinking green.
v
Replace any circuit board where | Verify with Doble the version of
LED is off or red. | TRX and TRXField software.

Figure B.10 Troubleshooting Flow Chart I
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Application and Troubleshooting Problems and Solutions

Table B.1 lists some additional problems and associated solutions.

Table B.1 Application and Troubleshooting Problems and Solutions

Problem Indication Solutions
Unrecognizable data displayed on the Check:
screen or plotted * Mounting of Motion Transducer

e Line frequency settings

¢ Connections to the breaker contacts or
control circuits

Instrument dropped or physically damaged | Return to Doble for repair

Spilled liquid penetrates the Instrument Return to Doble for repair
case

4

Atest is run, breaker functions properly, but | Run Continuity Test (“Running the Continuity Test
no Main Contact data is collected, or data | on page 4-71)
for a contacts is missing

Breaker does not operate Check the:

. e Width setting of the command signal
A test is run but the breaker does not pulse. If the command pulse is too short,
respond the breaker may not respond.

* Control cable. Verify cable configuration
requirements for the test.

* Condition of the Trip/Close fuses using an
Ohmmeter (refer to “Connecting the
TDR9000™ Physical Front Panel”
on page 4-30). Only 3 A, 250V, Slo-Blo
types should be used.

e Refer to "Trip/Close Function Test”
on page B-28.

- - eVv. -
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Application and Troubleshooting Problems and Solutions
-]

Table B.1 Application and Troubleshooting Problems and Solutions (Continued)

Problem Indication Solutions
Printer doesn’t work Check that:
e Power is ON

* Printer is not jammed

e Refer to Pentax documentation provided
with the Instrument

Connections on Virtual Front Panel appear
gray

Check the:
e Connection between the laptop and the
Instrument

e Com port configuration on laptop
e Internal LEDs

B-14
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TDR9000™" Top

View

Figure B.11 and Figure B.12 on page B-16 show a generalized internal
top view drawing of the TDR9000.
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Figure B.11 Top View of TDR9000™ with Top Removed
(OCB/Motion Module Installed)
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LED Indicators
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Figure B.12 Top View of TDR9000™ with Top Removed (Event 1 Module Installed)

LED Indicators

Internally, each circuit board type, excluding the Power Supply circuit
board and the Trip/Close module, has an LED which is visible through
the oval cut into the top of the circuit board housing (Figure B.11 on
page B-15). These LEDs indicate circuit board operation as follows:

e All circuit board LEDs change from Off to Green, or from Off to
Bi-color to Green during the startup sequence.

e After the startup sequence, all LEDs shown in Figure B.11 should

be Green, indicating that the set is operating correctly. The D8
and D14 LEDs (Figure B.13) blink green only during
communications with the PC, otherwise they are off.

B-16
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D8 and
D14 LEDs

Live AC
on Leads

A

Figure B.13 D8 and D14 LEDs

e With the exception of D8 and D14, if any LED shown in
Figure B.11 on page B-15 is Off or Red after the startup sequence,
that circuit board has experienced a startup problem.

e After the startup sequence, the communications loopback LED
should illuminate. This LED is viewed by looking through the
handle/vent opening (nearest the System module) on an angle
from the back of the Instrument to the front. There are three LEDs
visible. The loopback LED is on the bottom. If the LED:

e llluminates after instrument startup completes, serial commu-
nications are working up to the front panel connector.

¢ Does not illuminate, check the CPU, the internal W6 ribbon
cable, and the System module communications circuits.

~ - ev. -
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LED Indicators
L

Externally, the Instrument comes equipped with an LED on the System
module Physical Front Panel that indicates proper operation of the power
supply, as shown in Figure B.14.

05-264VAC
5 50-00H:

@

Figure B.14 DC Power Supply LED

If this LED is not lit when power is applied, use the Troubleshooting flow
charts shown in Figure B.9 on page B-11 and Figure B.10 on page B-12
to resolve the problem.
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Replacement Procedures

This section discusses the replacement procedures for the TDR9000.
These procedures include:

Internal circuit boards

Physical Front Panel Modules
Power Supply Circuit Board Fuses
Power Supply Module

WARNING Turn power OFF and disconnect from line power before reaching into

2 the Instrument.

Internal Circuit Boards

The on-site repair philosophy is to replace only complete printed circuit
boards or other subassemblies. None of the solid-state printed circuit
boards need user calibration or adjustment.

Remove or insert printed circuit assemblies carefully to avoid damage to
their mating connectors and make sure that replacement circuit boards
are placed in the same locations from which damaged circuit boards
were removed. Circuit boards are shipped with a label identifying the
type of board. Individual slots are marked with labels, as well.

NoTE Wear ESD wrist straps when working with circuit boards.

| To replace a circuit board:

1. Turn the power OFF.

2. Disconnect all external cables from the Instrument, except the
Instrument ground cable.

- - eVv. -
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Internal Circuit Boards

3. Unscrew the two flat head screws that hold the two top rubber feet,
as shown in Figure B.15.

— Screws
for Feet

Screws
for Feet

"

Figure B.15 Screws that Hold Top Rubber Feet

4. Remove the top cover from the Instrument by lifting it up at the back
and sliding it backwards.

5. Disconnect any circuit board ribbon cables required to perform the
replacement.

Table B.2 lists the ribbon cables that need to be disconnected by
circuit board type.

Table B.2 Required Cable Disconnects by Circuit Board

Circuit Board Type | Cables for Disconnection

Replaced

EVG Disconnect the W4 and W3 from the EVG using
the ejectors

CPU Disconnect the W6 from this circuit board using
the two common screws and disconnect the W4
and W3 from the EVG using the ejectors

Trip/Close Disconnect the W4 and the W3 ribbon cables
from the EVG circuit board and the W6 cable
from the CPU board
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NOTE

Unscrew the captive screws on the circuit board.

7. Unlock and lift the circuit board ejectors and pull the circuit board up

10.
11.
12.
13.

14.

and out. Alternately lifting up on the front and rear ejectors eases
circuit board removal.

Slide the replacement board into the card guides, align the
connectors on the replacement board with the connectors on the
backplane and carefully push down on the card ejectors to seat the
circuit board.

Ensure the replacement board is fully seated by pressing down on the
center of the card bracket.

Tighten the captive screws on the circuit board.
Reconnect any circuit board ribbon cables.
Plug the TDR9000 in and power up the unit.

Check to make sure the LED associated with the replacement circuit
board is on and green. The power up process takes about 1 minute
before the LED lights.

If LED is not green, refer to the Troubleshooting Flow Charts starting
on page B-11.

Replace the top cover and reinstall the two rubber feet.

All circuit boards and modules that are removed must be protected
from further damage by placing them into the protective packaging that
came with the replacement part.

- - eVv. _
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Table B.3 lists the replaceable internal boards and their part numbers.

Table B.3 Replaceable Internal Board Part Numbers

Circuit Board

Part Number

EVG 045-0691-01
CPU 04D-0603-04
Event (3A/3X) 045-0694-01

Trip/Close Module

03D-1372-01 (with Trip/Close Current)
03D-1372-02 (without Trip/Close
Current)

Main Contact Master

045-0692-01 (with resistance)
04S5-0692-02 (without resistance)

Main Contact Slave

(

(
04S5-0692-03 (with resistance)
045-0692-04 (without resistance)

Capacitance Measurement
Board

045-0695-01

Physical Front Panel Modules

The following Front Panel modules can be replaced in the field:

e  (OCB/Motion
e EHV
e FEvent

These replacement procedures are geared to replacing only Front Panel
modules that have failed in existing configurations. Reconfiguration of
the TDR9000, changing the type of module located in any position, must

be done by Doble personnel.

NoOTE The System Front Panel module is not replaceable in the field. If
' troubleshooting analysis indicates a problem or failure is related to this
H module, contact Doble Customer Service. Also, it is necessary to

Location 1.

remove the module in Location 2 before removing a module in

B-22
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To replace a Front Panel module:
1. Turn the TDR9000 power off and unplug.

2. Remove the four hex head screws in the corners of the module using
a 5/64" driver.

NoOTE Modules in Location 1 have five screws.

| 3. Pull the module straight forward and out by:

e Grabbing a circular connector on an OCB/Motion or EHV
module. Rock the module side-to-side while extracting.

* Inserting two banana clip leads into two connectors on the
module face of an Event module and gently pull, while rocking
the module side-to-side.

4. Align the connector on the replacement module with the connector
on the backplane and carefully seat the module.

5. Replace the hex head screws.

NoOTE The screws located on the outer edge of the System module and the
' module in Location 1 are longer.

6. Plug the TDR9000 in and power up the unit.

7. Check to make sure the Physical Front Panel and the Virtual Front
Panel match. If they don't, refer to the Troubleshooting Flow Charts
starting on page B-11.

8. Replace the top cover and reinstall the two rubber feet.
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Power Supply Fuses

Table B.4 lists the replaceable modules and their part numbers.

Table B.4 Replaceable Physical Front Panel Module Part Numbers

Module Part Number
EHV 03D-1381-01
Event (3A/3X) 03D-1383-01
OCB/Motion (3 Motion) 03D-1382-01
OCB/Motion (6 Motion) 03D-1382-02
OCB only 03D-1382-05
3 Motion only 03D-1382-03
6 Motion only 03D-1382-04

Power Supply Fuses

The Instrument comes equipped with an LED on the System module
Physical Front Panel that indicates proper operation of the power supply,
as shown in Figure B.16.

@ TR0

LED

15-264VAC
T 54 50-60H:

o AT of

Figure B.16 DC Power Supply LED
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If this LED is not lit when the power is applied, then one of the two
power supply fuses is blown, the power supply is bad, the internal
temperature of the Instrument is too high, or the monitoring circuit is bad.

To access the power supply module and examine the fuses:
1. Turn the TDR9000 power off and unplug.

2. Unscrew the two flat head screws that hold the two top rubber feet,
as shown in Figure B.15 on page B-20.

3. Measure the resistance across the fuse using a multimeter. The fuses
are shown in Figure B.17.

Fuse

Figure B.17 Power Supply Assembly Fuses
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Power Supply

If the meter registers:

e More than 800 kOhmes, the fuse is blown, proceed to step 4.

* Less than 800 kOhms, the fuse is not blown, replace the Power
Supply circuit board assembly. Refer to “Power Supply”
on page B-26.

Pull the blown fuse out and insert a new fuse.
Replacement fuses are 5 x 20mm and 250 VAC. The:

e 5V supply fuse is 3.15A, Littlefuse #216 3.15 or equivalent
e 24V supply fuse is 4A, Littlefuse #216 004 or equivalent

5. Plug the unit in and power up the TDR9000.
6. Check the LED on the System module Physical Front Panel.

If LED is not green, refer to the Troubleshooting Flow Charts starting
on page B-11.

7. Replace the top cover and reinstall the two rubber feet.
Power Supply
If the Physical Front Panel LED does not illuminate and the fuses located
on the Power Supply circuit board are not blown, the DC power supply is
suspect and should be replaced. The power supply is called out in
Figure B.11 on page B-15.
To replace the power supply:
1. Turn the TDR9000 power off and unplug.
2. Remove the top cover, as shown in Figure B.15 on page B-20.
3. Unscrew the captive fasteners on the circuit board.
4. Disconnect the two connectors and the green ground connector
indicated in Figure B.18.
B-26 72A-1898 Rev.A 11/01 ¢4
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|

Connector

Green
Ground Wire

Metal Tab

Figure B.18 Power Supply Circuit Board Connectors

5. Pull up gently on the metal tab (Figure B.18) to remove the assembly.

6. Insert the replacement assembly into the guides and gently push it
into position.

7. Replace the cables disconnected in step 4.
8. Plug the unit in and power up the TDR9000.
9. Check the LED on the System module Physical Front Panel.

If LED is not green, refer to the Troubleshooting Flow Charts starting
on page B-11.

10. Replace the top cover and reinstall the two rubber feet.
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Trip/Close Fuses

Trip/Close Function

Test

NOTE

Fuses for the Trip and Close coil currents are located on the TDR9000
Physical Front Panel, as shown in Figure B.19. The status of a Trip/Close
fuse is determined using the procedure for testing the Trip/Close function
given in "Trip/Close Function Test” below.

@ TDES000 ®

Trip Fuse

Close Fuse

05-264VAC
5 50-00H:

Figure B.19 Trip/Close Fuses

The TDR9000 Trip/Close module is monitored during every test. If there
is an internal electronics problem, a run-time error is reported. These
run-time tests cannot test the cables, fuses, or the final high current stage
of the module.

Before running this test, run the Continuity test on the EHV or OCB
cables.

If a test is run and no errors are reported, and the circuit breaker does not
operate, this procedure isolates the cause of the failure to the Trip/Close
fuses or to the Breaker Control cable responsible for the Trip/Close
function or the Trip/Close module, unless the circuit breaker is defective.
Fuses can be checked by inspection. The cable can be checked with a
meter, but this is difficult if the pinout pattern is not known. This makes
the following procedure the quickest troubleshooting solution:

1. Connect the alligator clips of the Breaker (Trip/Close) Control cable
across the test clamps of an activated OCB or EHV cable.

B-28
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WARNING All the cables used for this test should be detached from the breaker
while performing this procedure.
& Example

Connect a Trip clip to a contact clamp, connect a Close clip to
another contact clamp, and connect the remaining Trip/Close clips to
the common clamp.

2. Run a test sequence that exercises both controls (e.g., Trip Free,
Reclose, O-C-O).

3. Check for activity on both contact channels.

 If only one control is misbehaving, the test can be done using
only one contact channel and the suspect T/C clip pair. Run a
simple test (e.g., Trip, Close).

* If both the Trip and Close control pulses are seen on the contact
channels graphs, the TDR9000 is OK. The problem is outside the
Instrument.

* If one or both of the patterns is missing, check the fuses with a
meter.

* |If the fuses are OK, then the cable is suspect.

 |If the fuses and cables are OK, then replace the Trip/Close
module. Refer to “Internal Circuit Boards” on page B-19.

e Otherwise, replace the bad fuse. Refer to “Replacing
Trip/Close Fuses”.

Replacing To replace fuses:
Trip/Close Fuses 1. Turn the power OFF.
2. Remove and replace the defective fuse using a flat head screwdriver.
WARNING Always use a bus type 3 A, 250V Slo-Blo (Doble Part # 384-0002). Use
of any fuse other than the designated type can result in damage to the
TDR9000.

3. Restore system connections.

4. Turn the power ON.
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Cable Verification and Replacement

NOTE

To verify that the Contact Measurement cables are in proper working
condition, run a Continuity Test. It is useful to run the Continuity test with
only the suspect cable connected.

TDR9000 interconnection cables are listed in Table B.5. If a system
failure occurs, and if the failure is traced to a particular cable, ensure that
the cable is properly seated and connected, before replacing the cable.

To verify cables:
1. Disconnect all connections to the circuit breaker.

2. Disconnect all but the suspect cable from the TDR9000 Physical
Front Panel.

The connector on the Virtual Front panel for the cable being tested
should be green, indicating the channel is ready.

3. Clip the circuit breaker contact clamps together.

4. Run the Continuity test. Refer to "Running the Continuity Test”
on page 4-71.

5. Repeat step 1 through 4 for all cables until the test fails.

Contact Doble Customer Service to order replacement cables.

If no particular cable is suspect, running the Continuity Test with all
cables connected will still produce useful results, since all cables are
independent. For this to work, only cable clamps from the same cable
should contact each other.

OCB and EHV cables cannot be connected at the same time.

Other cable lengths and extensions are available. Please contact Doble
Customer Service.
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Table B.5 Cable Replacement List

Part Number Description

02C-0019-01 Chassis Ground cable (30 feet)
071-0021-01 External Cable kit

02B-0050-10 Safety Switch cable (25 feet)

181-0095 Power cord (USA standard)

401-0168 RS-232 cable (25 feet)

05B-0620-01 OCB cable (60 feet, standard)
020-0127-01 through 04 | EHV cable set (Specify module number)
05B-0621 EHV cable, individual

(specify module number and phase)

05B-0634-01 through 03 | Analog channel cable
(specify red, yellow or blue)

05B-0635-01 through 03 | Auxiliary channel cable
(specify red, yellow or blue)

02B-0013-06 Trip/Close Control cable
05C-0648-01 Safety Plug w/Flag

(used for External Trigger test)
181-0107 Motion Transducer cable (40 feet)
03C-1397-01 Battery Clips (black)
03C-1398-01 Battery Clips (red)
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Customer Service

Customer Service

Before calling or sending an e-mail to Customer Service for assistance,
please take the following preliminary service steps:

1.

U

Repeat all the pertinent procedures in this chapter.

Check all cable connections.

Review the problems and solutions given in Table B.1 on page B-13.

Try the test on another Instrument, if available.

Compare system requirements to your test setup and Instrument
configuration.

Run the Self-Diagnostics program (”Self-Diagnostics Test”
on page B-1) and have the results ready for Customer Service.

If possible, have the Instrument setup near a telephone to facilitate
telephone assistance. Call Doble Engineering Customer Service at
(617) 926-4900 or e-mail: customerservice@doble.com.

Please have the following available when calling or e-mailing Customer
Service:

Date of purchase

Instrument serial numbers, hardware configuration and software
revision

Results of the Self-Diagnostics test

Exact description of the problem, including error messages, and
the sequence of events before it appeared

List of solutions that have been tried

Electronics tool kit and digital multimeter, in case Customer
Service suggests that a circuit board or subassembly be removed

Write down the Customer Service Representative's name and any
instructions. If you call back, it is more efficient to talk to the same

person.
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Safe Packing of the
TDR9000™

NOTE

If troubleshooting and the completion of Doble requested parts
replacements fails to resolve a system problem, the TDR9000 may need
to be sent back to Doble for servicing. It is recommended that the
original packing material be kept for reuse. Before transporting, contact
Doble Engineering Customer Service at 617-926-4900 or FAX
617-926-0528, for return instructions.

Before packing:
1. Disconnect and remove all external cables.
2. Attach the front cover.

If the original packing material is not available, pack the Instrument for
shipment as normal for fragile, electronic equipment. Alternatively, triple
wall shipping containers can be ordered from Customer Service for a
nominal charge (Doble Part # 903-0044). The Instrument may be packed
using either of the following methods:

e 2-wall minimum corrugated cardboard box with a minimum 2
inch thick poly foam padding.

e Wood crate with minimum of 2 inch thick poly foam padding all
around.

Doble Engineering is not responsible for shipping damage. Carefully
protect each Instrument from shipping and handling hazards. Ensure
protective covers are securely in place.

Instruments must be sent to Doble freight pre-paid, unless other
arrangements have been authorized in advance by Doble Customer
Service.

Before returning the Instrument to Doble Engineering, contact
Customer Service to obtain a Repair Work Order (RWO) number. The
RWO number must be attached to the Instrument, as it is used to track
the Instrument during shipping to Doble and back to the customer.

Instruction manuals, cables, and transducer connecting rods should not
be returned with an Instrument, unless recommended by Doble
Customer Service.
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Appendix C. Software Field Upgrades

This appendix gives the procedures for upgrading TDR9000 software in
the field, including:

* Installing new software
e Updating firmware
e Updating the Pentax printer drivers

Updating Software
To upgrade the TRXField software:
1. Insert the TRXField CD-ROM into the correct drive.
2. Proceed to:

e Step 11, if autorun is working.
e Step 3, if autorun is not working.

3. Select run from the taskbar start menu.

The Run window appears as shown in Figure C.1.

Run

Type the name of & program, folder, or document, and
windows will apen it far you.

Oper: I j

] | Cancel | Browsze. . |

Figure C.1 Run

4. Click Browse and the Browse window appears, as shown in
Figure C.2 on page C-2.
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Browse

Look jr: I ﬁ Desklop

My Computer

.',;:.'_EI_ Metwork. Meighborhood
5 My Brigfrase

1 Online Services

153 Microzaft Outlook

Filez of twpe: IPrograms j Cancel |

Figure C.2 Browse

drive.

Double-click My Computer and then double-click the CD-ROM

The contents of the drive appear in the Browse window.

Browse to the Disk1 folder.

7. Click setup.exe.

8. Click Open.
The Run window reappears with the directory path added, as shown
in Figure C.3.
Run
Type the name of & program, folder. or document, and
windows will open it for pou,
Open: |D:\D1’sk1\setup.exe j
0k I Cancel | Browsze... I
Figure C.3 Run with Directory Path
9. Click OK.

Install Shield™ software automatically runs and the Welcome to
Installation of TRXField window appears.

10. Click Next.
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11. The Choose Destination Location window appears, as shown in
Figure C.4.

Choose Destination Location

Setup will install TR=Field in the following folder.
Ta install to this folder, click Mest.

To install to a different falder, click Browse and select another
folder.

*Y'ou can choose not ko install TR:Field by clicking Cancel to exit
Setup.

Destination Folder

’;:\F‘rogram FileshDobleh TR Browse. . |

Cancel |

Figure C.4 Choose Destination Location

The default directory for the TRXField software installation is
C:\Program Files\Doble\TRX.

This should not be changed.
12. Click Next.
A status bar appears as the TRXField files are copied to the hard drive.

A dialog box appears, as shown in Figure C.5. If No is selected, the
TDR9000 tab does not appear and the system will not have the ability
to configure or run tests.

NoTE This option can be changed after installation.
| Question E
[

@ “ill wow be uzing TR=Field with the TDR 000 instrument?

Figure C.5 TRXField" Choice

13. Click Yes.

The Select Program Folder window appears, as shown in Figure C.6.
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Select Program Folder

Setup will add program izons to the Program Folder listed below,
'ou may type a new folder name, or select one from the existing
Folders list. Click Mest to continue.

PFrogram Folders:

Existing Folders:

Corel Graphics -
INSITE _I
Microzoft Reference

Orline Services

PraTesT

Startlp

Sybaze SO0L Anywhere 5.0

Wertizoft Zip-l T &

< Back I Mesit » I Cancel

Figure C.6 Select Program Folder

These settings should not be changed, as they overwrite any existing
TRX folder.

14. Click Next.
The Choose Desktop Preference window appears.
15. Click:

* Yes to add a TRXField icon to the desktop.
e No to proceed to the next window without adding the icon.
The Setup Complete window appears.

16. Click Finish.

TRXField installation is complete.
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Updating TDR9000 " Firmware

NoOTE The power management functions on certain laptops can interfere with
| communications between the laptop and the TDR9000 during the
: loading process. If this occurs, disable the power management software.

The CPU board is equipped with a re-writeable non-volatile memory
Flash ROM to which revised firmware is loaded automatically using a
flash loader program. When the laptop running the TRXField program
detects the TDR9000, the TRXField software confirms the firmware
version the TDR900O is running. If these versions are not identical, a
dialog box appears, requesting permission to download the laptop
version of the software to the TDR9000. If permission is:

e Given, the download requires approximately five minutes to
complete

e Not given, the TDR9000 is disabled for the remainder of the
TRXField session

NoOTE This process occurs regardless of whether the laptop contains a higher
' or lower software version. The progress bar can be viewed by entering a
H Model Number and selecting the TDR9000 tab.

Firmware versions are matched to software versions.

Power Failure During Firmware Load

To guard against loss of power during loading, make sure that the laptop
and the TDR9000 have reliable power source. If the power source is
interrupted during the loading process, the firmware installation could be
incomplete or corrupted, and the process must be repeated.

If the loading process is interrupted by computer or power failure:
1. Turn the Instrument and the laptop OFF.
2. Turn the laptop and the Instrument ON.

The loading process repeats.
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Loading the Printer Driver

Windows 95/98™"

In order to print, the Pentax PocketJet Il printer requires a driver be
resident on the laptop running the TRXField program. A driver diskette
accompanies the TDR9000 unit, including a driver for Windows 95/98
and one for Windows NT. This driver needs only to be loaded once.

Once the driver is loaded, refer to "Printer Settings” on page C-18 to
explain the procedure for tailoring the printer settings to those
recommended by Doble Engineering.

To load the Windows 95/98 driver:
1. Turn on the laptop.
Wait for Windows to fully boot up.
2. Insert the diskette provided into the laptop’s floppy drive.

3. Click Printers from the Settings menu on the Windows Start menu
bar.

The Printers window appears, as shown in Figure C.7.

23 Printers H=] E3

File Edit “iew Help

Add Printer. Acrobat
PO Pwiter

&

Drefault HF Lazerlet
PostScript 4P
Printer

|4 object(s]

K

Figure C.7 Printers
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4. Double-click Add Printer.

The Add Printer Wizard window appears, as shown in Figure C.8.

Add Printer Wizard

Thiz wizard will help you to inztall your printer quickly and
easily.

To begin installing wour printer, click Mest.

< Blachk

Cancel |

Figure C.8 Add Printer Wizard
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5. Click Next.

A second Add Printer Wizard window appears, as shown in
Figure C.9.

Add Printer Wizard

How iz thig printer attached to your computer?

IF it i directly attached to your computer, click Local
Printer. IF it iz attached to another computer, click Metwark,
Printer

™ betwork printer

< Back I Hest » I Cancel

Figure C.9 Add Printer Wizard Il

6. Click the Local Printer radio button.
Click Next.
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A third Add Printer Wizard window appears, as shown in
Figure C.10.

Add Printer Wizard

l’f"‘é‘ Click the manufacturer and model of your printer. IF pour printer came with an
.!!* ¥ installation dizk, click Hawe Digk. [ your printer is not listed, consult your printer
documentation for a compatible printer.

Manufacturers: Printers:

P Apple Lasetafiter -
Apple Lazerafriter | NT
Apple Lazera/riter Personal NT
Apple Lazerwriter [ MTx
Apple Lazerariter IF
Apple Lazerafriter llg
LI Arnle | azerafriter Plos LI

Hawve Disk... |

< Back I Mest > I Cancel |

Figure C.10 Add Printer Wizard Il

7. Click Have Disk...

The Install From Disk window appears, as shown in Figure C.11.

Inztall From Digk

[ x|
Insert the manufacturer's installation disk into
the diive selected, and then click OK.

Cancel

Copy matufacturer's files from:

Iﬁ j Browse... |

Figure C.11 Install From Disk
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8. Click Browse.

The Open window appears, as shown in Figure C.12.

Open EHE
File: rname: Falders:
Im ah

Cancel
oemsetup.inf ﬂ = ah ;I —l
Metwark.... |

o =

Diives:

I(EIC: j

Figure C.12 Open

9. Select the A:\ drive from the Drives picklist.
10. Click OK and OEMSETUP.INF is added to the File Name field.
11. Click OK.
The Install From Disk window reappears.
12. Click OK.

The Add Printer Wizard window shown in Figure C.13 appears with
Pentax Pocketlet Il added to the Printers list.

Add Frinter Wizard

r,:,:? Click the manufacturer and model of your printer, [ your printer came with an
.,!T ¥ installation dizk, click Have Disk. If your printer iz not listed, consult your printer
documentation for a compatible printer,

Printers:

Pentas Pocketet ||

< Back | MHedt | Cancel |

Figure C.13 Add Printer Wizard IV
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13. Click Next.

A fifth Add Printer Wizard window appears, as shown in
Figure C.14.

Add Printer Wizard

Click the part you want ta uge with thiz printer, and then
click Mext,

Available ports:

COmM1: Communications Port
COmZ: Communications Port
Fai: ticrozoft Fax Monitor

Creates a file on disk

ticrozoft Fax konitor

LConfigure Port... |

< Back I Mest > I Cancel |

Figure C.14 Add Printer Wizard V

14. Ensure that LPT1 is selected and click Next.

A sixth Add Printer Wizard window appears, as shown in
Figure C.15.

Add Printer Wizard

'ou can type a name for thiz printer, or you can uze
the name supplied below. “When you have finished,
click Mext,

Frinter name:

Pentax Pocketlet 11

Do you want pour Windows-bazed programs to uze this
prifiter az the default printer?

 Yes
' Nao

< Back I Mest » I Cancel |

Figure C.15 Add Printer Wizard VI
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15. Enter Pentax Pocketjet Il in the Printer Name field and click Next.

16. Click Finish on the Add Printer Wizard window that appears. This
prints a test page once installation is complete.

NoTE A Version Conflict window may appear similar to the one in
i Figure C.16. It is recommended that the newer version of a file be kept
H by clicking Yes.

A file being copied iz older than the file currently o your
computer, [t iz recommended that pou keep pour existing file,

File: name: UNIDRW.DLL
Description: ticrozoft Universal printer driver library

Your wersion:  4.0.951

Do you want to keep thiz file?

T =

Figure C.16 Version Conflict

A status bar appears as the files are copied.

Windows NT'
To load the Windows NT driver:
1. Turn on the laptop.
Wait for Windows to fully boot up.
2. Insert the diskette provided into the laptop’s floppy drive.
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3. Click Printers from the Settings menu on the Windows Start menu
bar.

The Printers window appears, as shown in Figure C.17.

3 Printers Mi=] E3

File Edit “iew Help

i4dd Printer:

........................... 4

Figure C.17 Printers

4. Double-click Add Printer.
The Add Printer Wizard window appears, as shown in Figure C.18.

Add Frinter Wizard

Thiz wizard helpz pou inztall vour prinker or make printer
connections. Thiz printer will be managed by:

All zettings will be managed and configured an thiz
computer,

= Metwork printer server

Connect to a printer on another machine. All settings for
thiz printer are managed by a print zerver that haz been zet
up by an administrator.

< Each I Hewt » I Cancel

Figure C.18 Add Printer Wizard

- - ev. —
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Windows NT™
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5. Ensure that the My Computer radio button is selected.
Click Next.

A second Add Printer Wizard window appears, as shown in
Figure C.19.

Add Printer Wizard

Click the check box nest to the part[z) you want to uze.
Documents will print to the first available checlked port,

Available ports:

Fort | Drescription | Frinker |
W} P71 Local Port HF Laser)et ..
[JLPT2 Local Part

[JLPTZ: Local Part

] cOmM1: Local Part

] comMz Local Part

] cOma: Local Part

[T FILE: Local Part

Add Part.. | LConfigure Part.... |

[~ Enable printer pooling

< Back I Mewut » I Cancel |

Figure C.19 Add Printer Wizard Il

6. Click the LPTT1 checkbox.
Click Next.

A third Add Printer Wizard window appears, as shown in
Figure C.20.

Add Frinter Wizard

r,:,:? Click the manufacturer and model of your printer, 1F pour printer came with an
.,!T ¥ installation dizk, click Have Disk. [ your printer iz not lizted, consult your
printer documentation for a compatible printer.

Manufacturers: Printers:
C 3 AGFA-ACouSet vB23 3
Apple AGFS-AccuSetSF w523
APS-PS AGFA-AccuSet 300
AST AGFA-AccuSet BOOSF 52,3
ATET AGFA-AccuSet BOOSF v2013.108
Brather AGFA-AccuSet 1000
Bull LI AGRFA-AecuSet TANNSE w52 3 LI

Have Dizk... |
< Back I Hewt » I Cancel |

Figure C.20 Add Printer Wizard Il
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7. Click Have Disk...

The Install From Disk window appears, as shown in Figure C.21.

Inztall From Disk E
Ingert the manufacturer's installation disk into
the drive selectad. and then click Ok,

Cancel |

Copy manufacturer's files fram:

2] I |

Figure C.21 Install From Disk

8. Click Browse.

The Locate File window appears, as shown in Figure C.22.

Locate File K E2
Look in: IQ 3% Floppy [4:) j gl E =

oemsetup.inf

Files of type: ISetupInformation[".inf] j Cahcel |

Figure C.22 Locate File

9. Select the A:\ drive from the drives picklist.
10. Click OEMSETUP.INF from the files listed.
11. Click OK.

The Install From Disk window reappears.

- - eVv. _
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Windows NT™

12. Click OK.

A fourth Add Printer Wizard window, shown in Figure C.23, appears
with two versions of the Pentax Pocket)et Il driver added to the
Printers list.

Add Printer Wizard

=~ Click the manufacturer and model of your printer. [ your printer came with an
i
..!I ¥ installation disk, click Have Disk. [f your printer is not listed, consult pour
printer documentation for a compatible printer.

Printers:

Pentax Pocketlet 1l-5heet Paper
chetlet |l-Foll Faper

Have Disk... |

< Back I Mest > I Cancel I
Figure C.23 Add Printer Wizard IV

13. Click Pentax PocketJet Il - Roll Paper and then click Next.

A fifth Add Printer Wizard window appears, as shown in
Figure C.24.

Add Printer Wizard

Type in the name of thiz printer. When pou have
finished, click Mext.

Maote: Exceeding 31 characters in the Server and
Printer name combination may not be supported by
zome applications.

Printer name:

Pentax Pocketlet 1]

[ro pouy want your ‘Windows-bazed programs to uze this
printer az the default printer?
' Yes

= Mo

{ Back I Hest > I Cancel |

Figure C.24 Add Printer Wizard V
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14. Enter the printer name and click Next.

A sixth Add Printer Wizard window appears, as shown in
Figure C.25.

Add Printer Wizard

Indicate whether thiz printer will be shared with other
network, ugers, If pou choose shanng give thiz printer a
share name.

" Shared

Share Mame:

Select the operating aystems of all computers that will be
printing ta this printer.

*findows 35 -
“findows WT 4.0 MIPS
“windows NT 4.0 Alpha

Windows NT 4.0 PPC

Windows MT 3.5 or 351 <86

windows MT 2.5 or .51 MIPS ;l

{ Back I Hest > I Cancel |

Figure C.25 Add Printer Wizard VI

15. Ensure that the Not Shared radio button is selected and click Next.

NoTE A dialog box may appear, as shown in Figure C.26. If this occurs, insert
' the CD-ROM and follow all instructions.
- Insert Disk E3

@ Fleaze inzert the floppy dizk labeled "Windows MT Work station CO-ROM" into diive A and then click O,

You can alzo click OF if you want filez to be copied from an alternate location, such as a network, server or a compact

disc.
Eanceq

Figure C.26 Windows NT""

16. Click Finish on the next Add Printer Wizard window that appears.
This prints a test page once installation is complete.

- - eVv. _
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Printer Settings

NOTE

Printer Settings

A Version Conflict window may appear similar to the one in
Figure C.27. It is recommended that the newer version of a file be kept

by clicking Yes.

Yerzsion Conflict E

A file being copied is older than the file curently on wour
computer. It iz recommended that vou keep your existing file.

File: name: UMIDRY.OLL

Diescription: Microzaft Univerzal printer driver libram

Your version:  4.0.951

Do pou want to keep thiz file?

Hetaal |

Figure C.27 Version Conflict

A status bar appears as the files are copied.

The procedure that follows explains how to make the Doble
recommended modifications to the Pentax Pocketet Il printer settings.

To modify the printer settings:

1. Click Printers from the Settings menu on the Windows Start menu

bar.
The Printers window appears, as shown in Figure C.28.
O — ==

File Edit “iew Help

Acrobat
Distiller 3.0

¢ 9@

Acrobat
FDFwriter

&7
Driztiller
Agzigta... 2100 5eri..  Lapluz [Cop...
L
Pentax —
pluz PS Documen...  Pocketletll
|3 obiects) v

Figure C.28 Printers Window
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2. Right-click the Pentax Pocketjet Il icon.

The Pentax Pocket)et Il Properties window appears, as shown in
Figure C.29.

Pentax Pocket.Jet Il Properties EHE
General |Detalls| Shanngl Paper I Graphlcsl Advancedl

|§I"§ Pentar Pocketlet ||
e

Comment: I

Separator page: I[nune] - Browse... |

Frint Test Page |
Ok I Cancel | APl | Helg |

Figure C.29 Pentax® PocketJet II"" Properties

3. Click the Graphics tab and the window appears as shown in
Figure C.30.

Pentax Pocketlet |l Properties [ 2] x]

Generall Detailsl Paper  Graphics |Advanced|

Besoluton: [EXEPETCHNNEEGGEGG—————

= Mone

" Coarse

' Fine

" Line art

« Enmar diffusion
~Intensity
Darkest -1 Ji Lightest
Curent intensity: 100

Restore Defaults |
)8 I Cancel | Apply | HElR |

Figure C.30 Pentax® Pocketjet II"" Properties — Graphics

A

[

Yo
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Printer Settings

4. Click the Line Artradio button.

5. Click the Advanced tab and the window appears as shown in

Figure C.31.
Pentax Pocketlet |l Properties HE
General I Details | Paper I Graphics  Advanced |
i~ Density
Light 4] v| Dak
5
—Foimn Feed Modes————————————— [~ Quiality Modes
" Mo Feed Mode & Text Mode
& Fized Page Mode " Graphics Mods
¢~ End of Page Mode
I e I oo e Ertra Feed
|1 50
[ Lires: st S0 dri
FENTAR
Pod Restare Defaults |
Ok I Cancel | Aol | Help |

Figure C.31 Pentax® PocketJet II"" Properties - Advanced

6. Click the No Feed Mode radio button.

7. Enter 200 in the No Feed Mode Extra Feed (# of lines at 300 dpi) field.
8. Reset the Density to 7.
9

. Click OK and close the Printers window.
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Appendix D. Concepts of Operation

Channel Types

The TDR9000 is a multi-purpose data recorder outfitted with different
signal sources and receiver channels depending on the type of circuit
breaker under test. Five Physical Front Panel modules can be populated
into numerous configurations of measurement channels. A sixth module,
the System module, is configured to control the circuit breaker under test,
or initiate recording based on an external trigger input.

There are currently six channel types supported by the TDR9000:

* Main and contact Pre-Insertion resistor switch timing

* Pre-Insertion resistor value

* Motion (using a transducer) channels

e Auxiliary contact channels

* Analog channels

e (Capacitance channels
Each channel type, except Capacitance, has a different front end.
However, all channels are collected and forwarded to the controller for
processing in the same manner. Data processing creates measurements

that are compared to specifications (circuit breaker vendor limits or
learned results shared between utilities) resulting in Pass/Fail decisions.

Main Contact Timing

Contact timing is achieved by providing a voltage source (isolated in
pairs for EHV) to the contacts and comparing the voltage across the
contacts to references internal to the TDR9000. A voltage below the
lower threshold (on the order of 5% of the source voltage) is logged as a
Close state. A voltage above the higher threshold (on the order of 95% of
the source voltage) is logged as an Open state. The state is sampled at
10 kHz and stored in a circular buffer for transfer to the computer.

A hardware discriminator qualifies state transitions to eliminate noise and
cable capacitance that might be perceived as switch bounce. The
discrimination time is set to 60 psec and is sampled at 2 MHz.

AN 70A-1898 Rev. A 11/01 D-1
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Pre-Insertion Resistor Timing
. ________________________________________________________________________________________|

Pre-Insertion Resistor Timing

Resistor Switch timing is measured much the same as Main Contact
timing. When the measured voltage falls between the lower threshold
and the higher threshold, the channel is determined to be in the
resistance state.

Pre-Insertion Resistor Ohmic Value

The pre-insertion resistor measurement circuit employs the same voltage
source and source resistor as the contact timing circuits. The voltage
across the contacts is monitored by a voltage to frequency converter
whose output is optically coupled to a digital counting circuit. Knowing
the source voltage, source resistance and voltage across the pre-insertion
resistor contacts allows the actual pre-insertion resistance to be
calculated. The output of the digital counting circuit is updated every
800 psec (1.25 kHz).

Motion Channels

Motion channels accept inputs from Doble motion transducers. The
transducers output two quadrature signals generated from optical sensors
which switch on and off based on a picket fence of lines passing between
the sensors and a light source. Each transition is equal to a movement of
0.0125" (0.09° for rotary motion) imposed on the transducer. The
transitions are counted and sampled at 10 kHz. The direction of
movement is identified by which quadrature signals leads and which lags
at any moment in time. The distance curve is generated by providing a
running sum of the transitions vs. time, using the initial position as zero.
The velocity curve is generated by taking the change in distance vs. time.

Auxiliary Contact Channels

The Auxiliary Contact channels measure and display the timing of three
different states: Open-Wet, Open-Dry, and Closed. An isolated wetting
voltage is provided for each channel that is not externally wetted to allow
for the differentiation of open vs. closed and to clean any oxide buildup
on the contacts. Both the open/close decision and the wet/dry decision
are made based on the voltage across the channel inputs. The states are
sampled at 10 kHz.
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Analog Channels

The analog channels are general purpose voltage recordings. The inputs
are isolated from each other and sampled by a 12-bit serial A/D
converter. The A/D converter clock is 80 kHz. Eight consecutive samples
are averaged and sampled by the system at 10 kHz.

Capacitance Channels

The Capacitance Measurement test is used to measure EHV grading
capacitors. These capacitors are located in parallel with the main
contacts and can be measured through the EHV modules/cables when
the contacts are open. The test consists of measuring capacitance, in the
range of 75 to 10,000 pF, between each of the two EHV leads and the
common lead for each phase and each module. The test measurement
accuracy is in the range of £ 5%. Since the circuit breaker is not operated
during the test, no waveform is sent through the system.

Circuit Breaker Control

The system can be configured with a Trip/Close module capable of
activating the control coils of the circuit breaker under test. The
command signals are capable of switching 100 A of current on the Trip
channel and 20 A of current on the Close channel. These levels can be
sustained for tens of milliseconds, with lower current values sustainable
for tenths of seconds. Each channel is protected with a slow-blow fuse.

The Trip and Close command signals are programmed into timers,
configured via user inputs, when the operator initiates a test. Before a
Trip or Close command leaves the Instrument, each command signal is
interrupted by a relay that has three control mechanisms:

*  When the test is initiated, the firmware outputs a logic enable
signal to the relay control circuitry.

e Once the safety switch is pressed, voltage is supplied to one side
of the relay coil.

e The firmware detects the safety switch closure and outputs a
signal, which completes the relay coil circuit allowing the
command signals out to the breaker.

AN 70A-1898 Rev. A 11/01 D-3
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System Startup and Pre-Test Configuration

System Operation

The system is composed of two functional components, the Instrument
and the controller software, TRXField, running on a laptop. The following
describes the interaction between the two components.

System Startup and Pre-Test Configuration

Test Execution

Data Transfer

On power up, the Instrument runs a short self-test to identify all cards and
modules that are present. Once contacted by the controller, the
Instrument transfers its configuration to the controller and it is displayed
as a Virtual Front Panel on the computer's screen.

The channels of interest can be activated from the Virtual Front Panel or
via a Test Plan created with the TRX or TRXField products. The type of
test to perform is selected from a pull down menu on the Virtual Front
Panel.

The controller downloads a list of channels to activate, range settings for
the appropriate channels, and the signal on which to trigger the
recording. Appropriate action by the operator (including the pressing of
the Safety Switch) turns on all of the test voltages and starts the sampling
of all the activated channels. Samples are stored in a circular buffer.
When the predefined trigger signal is detected, the samples are
transferred from the circular buffer to a permanent buffer pending the end
of the test, at which point the information is transferred to the controller.

The amount of data transferred to the controller is proportional to the
number and type of channels activated. A Main Contact measurement
could be made up of a channel of timing and a channel of pre-insertion
resistance value measurement. Each Analog Channel and/or Auxiliary
Contact channel is a single channel. The internal Trip and Close coil
current channels are individual channels.

Data is compressed and transferred to the controller at 38.4 kbps. The
different channel types compress to varying degrees depending on
content: timing channels compress very well; analog channels do not.
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Results Processing

Self-Test

TRXField receives the test data and decompresses it. Calculations are
performed on a channel by channel basis resulting in switching times,
maximum values, and average values during specific times. The results of
these calculations are then compared to specifications either received as
part of a Test Plan or entered manually by the user prior to the test. A
Pass/Fail comparison is performed and the results are reported on all
channels with specifications.

Results are made available in both tabular and graphical formats.
Numerous utilities such as zooming, overlaying, and on screen
measurements are made available as part of the graphics package.

The Instrument has a Self-Diagnostics test, comprised of two individual
tests, which functionally test the operation of all measurement channels.
No Trip or Close command signals are output from the Instrument during
the Self-Diagnostic test.

Once the test is initiated from the Virtual Front Panel, the first test, the
Global Self-Test begins. Each measurement channel is disconnected from
the external connector via relays. This allows the entire Self-Diagnostics
test to run without disconnecting the Instrument test setup. Simulated
signals are injected just inside the Physical Front Panel and sampled as if
a standard test was under way. The results are interpreted by the
TRXField software and compared to expected results. If all channels are
functioning properly, the test ends. If a functional failure is detected, the
second test begins, the Local Self-Test, which continues testing with the
measurement channels disconnected between the Physical Front Panel
modules and the measurement cards in the card cage. Again, test signals
are injected and the results interpreted. Logic is applied to the two Test
Results and the failed card or module is identified and displayed.
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Appendix E. Maintenance

This appendix covers the following maintenance areas:

TDR9000 Rules for Safe Operation
Maintenance

TDR9000™ Rules for Safe Operation

WARNING Safe operation of the system requires adherence to the following
guidelines:
e Always install the Safety Ground cables when using the system in
the field.

Use the correct electrical line voltage to avoid an electrical short
circuit, overheating and shocks. If in doubt, check the electrical
rating label attached to each unit.

Do not, for any reason, cut or remove the grounding prong from
the power cord.

Turn power OFF and disconnect from line power before 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.

AT 70A-1898 Rev. A 11/01 E-1
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Cleaning

Maintenance

The topics that follow discuss the following maintenance related areas:

e C(Cleaning the TDR9000
e Replacing the printer’s paper supply

Cleaning

Normal care and cleaning of the Instrument is comprised of the following
areas:

Instrument Covers and Panels

Sponge with a mild soap solution. DO NOT use
household cleaners containing chlorinated or
abrasive compounds. DO NOT spray liquids
directly onto the Instrument.

Printer For care and maintenance of the built-in printer,
refer to its service manual.

NoTE Do not use flammable liquids, such as gasoline or lighter fluid, for

| cleaning electrodes, electrical components or moving parts. Disconnect
: the Instrument's power cord and all other external cables before
cleaning or removing the Instrument cover.

Changing Printer Paper

The built-in Pentax printer uses the following replacement paper types:

e Cut sheet thermal paper — letter, legal or A4 sizes

e Rolls of thermal paper — Approximately 100 ft.
(Doble P/N 401-0169)

To replace the paper roll:

1. Loosen the two captive screws securing the printer cover and pull the
cover up (Figure E.1).

Pull back the pin on the right side of the paper roll to loosen the roll.
Rotate the roll clockwise to remove it from the paper roll assembly.
Remove the empty roll.

Insert a new roll, unroll the first six inches and tear an even edge.

Sy kW

Align the bottom edge of the paper roll parallel with the paper input
slot (Figure E.1).

E-2 72A-1898 Rev. A 11/01 ¢

;



TDR9000™ Circuit Breaker Test System User’s Guide
L]

7. Insert the paper under the paper roller until the roller pulls it into the
starting position, then let go.

8. Press the printer control button until, as shown in Figure E.1, until the
paper feeds through fully aligned (6" -12").
9. Close the printer cover and tighten the two captive screws.

If the paper is skewed after the printer pulls it into the starting position,
the situation can be corrected as follows:

e If the printer does not print immediately, open the release cover
as far back as it goes. Pull the paper out, reinsert it and close the
cover.

e If the printer does start to print, wait for the page to be printed and
then reprint that page if necessary.

The paper can be pulled out of the printer in either direction.

Figure E.1 Printer Paper Installation

NoTE For complete instructions on the operation of the Pentax printer, refer
' to its user’s manual, which is included with the TDR9000.
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Appendix F. Glossary

Slow Close

A manual operation that consists of the operating
mechanism, usually by a hydraulic jack, to
measure contact insertion. Contact insertion being
the point of travel at initial contact make to the
final resting place of the contacts in the fully closed
position.

First Trip or First Close

When a circuit breaker is not operated for a long
period of time, whether in service or out, the
lubrication for mechanical components may suffer
changes its viscosity resulting in a loss of
lubricating ability. This may cause an in-service
breaker to be slow in tripping or an out of service
breaker to be slow in closing.

By connecting the TDR9000 to the in-service
breaker, phase currents, trip and close coil
currents, DC battery supply and auxiliary contacts
can be monitored as the recording is started by an
external signal. This provides data that indicates if
the circuit breaker operated properly when
prompted. If not, data analysis indicates the
problem so that appropriate maintenance can be
applied. This is useful, as often times the breaker
operates properly on a second trip operation
(out-of-service), as the lubricant has been
exercised.

Capacitor The TDR9000 T9330 Capacitance Measurement
option allows the testing of grading capacitors to
determine their picofarad value.

Refer to "Open-Gap Grading Capacitor”
on page A-18 for an explanation of their function.
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Appendix G. Error Messages

This appendix lists the error messages for the TDR9000. Throughout this
appendix, the % character indicates a variable supplied to the message.

Test Plan and Hardware Conflict Errors

Table G.1 lists channel activation cross check error messages that occur
when a TDR9000 is not connected. These indicate Test Plans that cannot
be used with any TDR9000. The error message appears when the Test
Plan is opened, an edit is performed, and the TDR9000 tab is selected.

Table G.1 Test Plan and Instrument Configuration Conflicts —

TDR9000™ Unconnected
Error Message Solution
The fifth module of EHV has been N/A

activated. The TDR9000 does not
support 5 EHV modules. The module 5
EHV channels will be ignored by the

TDR9000.
Both EHV and Analog/Auxiliary Check Test Plan and
channels are active on slot %d. TDR9000 tab for

configuration conflicts.

Table G.2 on page G-2 lists channel activation cross check error
messages that occur when there is a TDR9000 connected, which
indicate the Test Plan cannot be used with the specific TDR9000
connected. The error message appears when the Test Plan is opened, an
edit is performed, and the test is run.

The problem is addressed by deactivating the appropriate channels on
the TDR900O Virtual Front Panel or the Test Plan tab.
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Table G.2 Test Planmz}nd Instrument Configuration Conflicts —
TDR9000 "~ Connected

Error Message

Motion channels are active in the test plan, but the TDR9000 does not
have a motion module. Please deactivate all motion channels.

OCB channels are active in the test plan, but the TDR9000 does not
have a OCB module. Please deactivate all OCB channels.

Channels for EHV module %d are active in the test plan, but the
TDR9000 does not have required EHV module. Please deactivate all
channels on EHV module %d.

Motion channel %d is active in the test plan, but the TDR9000 does
not have the 6 channel motion module required. Please deactivate
motion channel %d.

More than %d analog channels are active in the test plan, but the
TDR9000 does not have a fourth event module. Please deactivate all
analog channels on the fourth event module.

Analog channels are active in the test plan, but the TDR9000 does not
have any event modules. Please deactivate all analog channels.

More than %d auxiliary contact channels are active in the test plan,
but the TDR9000 does not have a fourth event module. Please
deactivate all auxiliary channels on the fourth event module.

Auxiliary contact channels are active in the test plan, but the TDR9000
does not have any event modules. Please deactivate all auxiliary
channels.

There are EHV capacitance channels active, but the TDR9000 does
not have the capacitor measurement option. Activated capacitor
channels will be ignored.

G-2
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Run Test Conflicts

Table G.3 lists the messages that appear once the Run Test button is
clicked.

Table G.3 Run Test Conflicts

Error Message

No channels have been activated. Please activate appropriate
channels.

The loaded test plan uses channels that are not available to the
connected TDR900O. Verify channel activation.

Both OCB and EHV channels have been activated. The TDR9000
cannot use both EHV and OCB at the same time. Please deactivate the
inappropriate channels and retry.

Both OCB and EHV channels have cables plugged in. The TDR9000
cannot use both EHV and OCB at the same time. Please unplug
inappropriate cables and retry.

Refer to "Disconnecting After the Test” on page 4-100 for instructions
on how to disconnect a cable.

There must be a safety switch connected in order to control the circuit
breaker under test.

Analog channel %d is set to a current probe range, but the current
probe has not been zeroed. Proceed to current probe zeroing.

Zero probe using instructions given in "Current Probes” on page 4-34.

EHV channel %d has been activated, but there is no cable plugged in.
Verify channel activation and connect appropriate cables.

Refer to ”Setup and Operation” on page 4-1 before proceeding.

OCB channels have been activated, but there is no cable plugged in.
Verify channel activation and connect appropriate cables.

Refer to ”Setup and Operation” on page 4-1 before proceeding.

Motion channel %d has been activated, but there is no cable plugged
in. Plug in appropriate cable into active channel.

Refer to ”Setup and Operation” on page 4-1 before proceeding.

There must be either an external trigger plug or a safety switch
connected in order to run an externally triggered test.
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Table G.3 Run Test Conflicts (Continued)

Error Message

There must be a safety switch connected in order to control the
breaker under test. Remove the external trigger plug and connect the
safety switch.

Refer to ”Setup and Operation” on page 4-1 before proceeding.

Test calls for a linear travel transducer on motion channel %d, but a
rotary transducer is connected. Change transducer type to rotary on
the motion module.

Test calls for a rotary travel transducer on motion channel %d, but a
linear transducer is connected. Change transducer type to linear on the
motion module.

Duplicate labels are on motion channels %d and %d. Please change
one of the labels (%s), so that all motion labels are unique.

Duplicate labels are on velocity channels %d and %d. Please change
one of the labels (%s), so that all velocity labels are unique.

Duplicate labels are on OCB channels %d and %d. Please change one
of the labels (%s), so that all OCB labels are unique.

Duplicate labels are on auxiliary channels %d and %d. Please change
one of the labels (%s), so that all auxiliary labels are unique.

Duplicate labels are on analog channels %d and %d. Please change
one of the labels (%s), so that all analog labels are unique.

EHV channels are set to OCB mode. The TDR9000 does not support
OCB mode for the EHV connectors. Please set an available mode for
the EHV connectors.

G4
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Continue Test Conflicts

Test Exceptions

Table G.4 lists the message that appears once the test has begun to run,
but encountered an error. In this instance, once the conflict is resolved,

the test can continue.

Table G.4 Continue Test Conflicts

Error Message

There must be an external trigger plug connected in order to run an
externally triggered test. Remove the safety switch and insert the

external trigger plug.

Table G.5 lists the message that appears once the test has begun to run,
but encountered an error. In these instances, the test is aborted.

Table G.5 Test Exceptions

Error Message

Solution

There must be a safety switch
connected in order to control the
circuit breaker under test.

Connect a safety switch and rerun
test.

Test was aborted because the
safety switch was released before
the test was completed.

Run test again, pressing safety
switch until tones ceases.

Test aborted by host.

General Data Acquisition System
error during test run.

Run Self-Diagnostics (see
”Self-Diagnostics Test”
on page B-1).

Safety switch not pressed within 2
minutes. Test was aborted.

Run test again, pressing safety
switch until tones ceases.

Trip overload during test run.

See "Test Exceptions Procedure”
on page G-7.

Close overload during test run.

See "Test Exceptions Procedure”
on page G-7.
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Table G.5 Test Exceptions (Continued)

Error Message

Solution

Signal error on trip output during
test run. This indicates a problem
with the trip/close module.

See "Test Exceptions Procedure”.

Signal error on close output
during test run. This indicates a
problem with the trip/close
module.

See "Test Exceptions Procedure”.

Power supply failure during test
run.

Run Self-Diagnostics (see
”Self-Diagnostics Test”
on page B-1).

Trigger overload during test run.

See "Test Exceptions Procedure”.

Trip module relay closed before
power applied during test run.
This indicates a problem with the
trip/close module.

See "Test Exceptions Procedure”.

Close module relay closed before
power applied during test run.
This indicates a problem with the
trip/close module.

See "Test Exceptions Procedure”.

Trip module relay opened after
power applied during test run.
This indicates a problem with the
trip/close module.

See "Test Exceptions Procedure”.

Close module relay opened after
power applied during test run.
This indicates a problem with the
trip/close module.

See "Test Exceptions Procedure”.

G-6
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Table G.5 Test Exceptions (Continued)

Error Message

Solution

There must be an external trigger
plug connected in order to run an
externally triggered test. Remove
the safety switch and insert the
external trigger plug.

N/A

There must be a safety switch
connected in order to control the
breaker under test. Remove the
external trigger plug and connect
the safety switch.

N/A

Safety switch already pressed
before start of test.

Run test again, pressing safety
switch only when tone is heard.

Trigger input already in active
state.

Change the trigger setting or add
another trigger.

Test Exceptions Procedure

Use the following steps to resolve the error messages indicated in
Table G.5.

1.

operating limits.

on page C-13.

3. Call customer service.

Ensure that the equipment under test does not exceed TDR9000

Perform the Trip/Close test given in "Trip/Close Function Test”

Aok e 72A-1898 Rev. A 11/01
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Test Exceptions Procedure

Test Parameter Conflicts

Table G.6 lists error messages related to test parameters. Errors in these
parameters are resolved on the TDR9000 Parameters window.

Table G.6 Test Parameters

Error Message

Invalid trip command signal length. Value must range from 8.0 to
1600.0 ms.

Invalid close command signal length. Value must range from 8.0 to
1600.0 ms.

Invalid delay 1 length entered. Value must range from 8.0 to 600.0 ms.

Invalid delay 2 length entered. Value must range from 8.0 to 600.0 ms.

The combination of delay 1 length and delay 2 length cannot be
greater than 1600.0 ms.

The combination of close pulse and delay 1 length cannot be greater
than 1600.0 ms.

Table G.7 lists error messages related to configuring the Motion module.

Table G.7 Motion Module

Error Message Solution

Invalid measurement units for selected | Modify Transducer Type or
transducer type. Transducer Units fields on
Test Plan tab.

Table G.8 lists miscellaneous error messages.

Table G.8 Miscellaneous

Error Message Solution

Location, Special Id, and Serial Enter the required

Number must be filled in to continue | information in the Enter

running the breaker test. Breaker Information
window that appears when
the test is run.

G-8
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Appendix H. TDR9000 " Circuit Breaker Test
System Specifications

This appendix details specifications for the TDR9000 and its operations
in the following areas:

e OCB/Motion module

e EHV module

e Event module

e System module

e Physical

e Environmental

OCB/Motion
Table H.1 lists the characteristics of the OCB/Motion module.

Table H.1 OCB/Motion Module

Characteristic Description

OCB

Main Contact Channels 3 channels with 1 break per phase
Contact Sense Voltage for | 48/15/7.5 VDC

Main Contact Timing (Modified by pre-insertion resistor value)
Contact Sense Voltage for | 48/15/7.5 VDC

Resistor Switch Timing (Modified by pre-insertion resistor value)
Close and Open Timing 100 microseconds

Resolution

Close and Open Timing £ 100 microseconds

Accuracy

Minimum Contact Bounce | 60 microseconds

Measurement

Pre-Insertion Resistor 10 - 400 Ohms or 300 - 7000 Ohms
Value Range

AN 70A-1898 Rev. A 11/01 H-1
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Table H.1 OCB/Motion Module (Continued)

Characteristic Description

Resistor Value +10%

Measurement Accuracy

Motion Transducers

Linear Transducer

Range 0.0 - 40.0"

Resolution 0.00125"

Accuracy + 0.1% of measured value

+ 0.1" max error

Display Resolution

0.002"

Velocity

50 ft/sec max

Acceleration

1200g for 50 psec max

Rotary Transducer

Range 0 -2880°
Resolution 0.09°
Display Resolution 0.1°

Accuracy + 0.1% of measured value
+0.1° max error
Velocity 120 rev/sec max

Acceleration

30 x 106 deg/sec’ max

H-2
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EHV Module
Table H.2 lists the characteristics of the EHV module.

Table H.2 EHV Module

Characteristic Description

Main Contact Channels 6 channels with 2 breaks per phase
Contact Sense Voltage for | 15/7.5 VDC

Main Contact Timing (Modified by pre-insertion resistor value)
Contact Sense Voltage for | 15/7.5 VDC

Resistor Switch Timing (Modified by pre-insertion resistor value)
Close and Open Timing 100 microseconds

Resolution

Close and Open Timing £ 100 microseconds

Accuracy

Minimum Contact Bounce | 60 microseconds

Measurement

Pre-Insertion Resistor 10 - 300 Ohms or 200 - 500 Ohms
Value Range

Resistor Value £ 10%

Measurement Accuracy

Capacitance Measurement | 75 to 10,000 pF in the range of £ 5%
Range and Accuracy

AN 70A-1898 Rev. A 11/01 H-3
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Event Module

Table H.3 lists the characteristics of the Event module.

Table H.3 Event Module

Characteristic Description
Analog Channels

Number of Channels 3 per module
Sampling Frequency 10 kHz

Voltage Measurement 1 300 DC/AC peak
Range

Analog Signal Bandwidth | DC to 5 kHz

Amplitude Accuracy 1 0.5% of full scale, £ 0.5% of reading
(£ 0.5% of full scale, £ 1.5% of reading
for the £ 300 V range

Current Ranges 0-20A,0-200 A (Probe)
Isolation Voltage to 300 V
Ground

Auxiliary Contact Channels

Number of Auxiliary 3
Contact Channels
Sense Open Wet/Open Dry/Close
Wetting Voltage 28 VDC
Voltage Input 0-300 VDC
H-4 72A-1898 Rev.A 11/01 ¢4 o
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System Module

The System module is comprised of several components whose
specifications are given in the following tables.

Table H.4 lists the characteristics of the Trip/Close module.

Table H.4 Trip/Close Module

Characteristic Description
Trip Close
Peak Voltage 300 VDC
Maximum Current 100 ADC,
Non-Repetitive pulse 20 ADC, pulse
Maximum Turn On/Off 10 psec.
Time

Table H.5 list the characteristics of the Trigger In function.

Table H.5 Trigger In

Characteristic Description

Sense Open Wet, Open Dry, Close
Wetting Voltage 28 VDC

Voltage Input 0 - 600 VDC

AN 70A-1898 Rev. A 11/01 H-5
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Table H.6 list the signal characteristics of the System module.

Table H.6 System Module Signal Characteristics

Characteristic Description

Trip/Close Command

Pulse Width 8.0 to 1600 msec. / 0.5 to
96 cycles

Resolution 0.1 msec/ 0.1 cycle

Trip Command Current Range | 2/5/20/100 A

Close Command Current

Range 0.2/1/5/20 A

Delay

Duration 0 - 1600 msec/ 0 - 96 cycles

Resolution 0.1 msec/ 0.1 cycle

Recording Length

Circuit Breaker

1.6 seconds

H-6
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Physical Specifications
Table H.7 lists TDR9000 physical specifications.

Table H.7 TDR9000™ Physical

Characteristic Description
Enclosure High impact, molded, flame retardant
ABS.

Meets National Safe Transit Association
testing specification No. 1A for immunity
to severe shock and vibration.

Dimensions 10.0"Hx 16.0"W x 15.5" D
(25.4cm x 40.6¢cm x 39.4cm)

Maximum Weight 30 Ibs.(13.6 kg) - includes cover, printer
and maximum configuration

Supply Voltage 100 - 240 VAC 50/60 Hz

Electrostatic Discharge Meets I[EC 1000-4-2 Level 4

Immunity (formerly IEC 801-2)

Surge Withstand Meets ANSI C37.90 1989 ESD

Capability

AN 70A-1898 Rev. A 11/01 H-7
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Environmental Specifications

Table H.8 lists TDR9000 environmental specifications.

Table H.8 TDR9000™ Environmental

Characteristic

Description

Storage Temperature
Range

-25°Cto+70° C

Operating Temperature
Range

0° Cto +50° C

Storage Humidity

95%, non-condensing

H-8
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Appendix I. Application Notes

This appendix contains the application notes relevant to operating the
TDR9000 and the TR3190.

These include:

AN2: TR3190 Digital, Linear/Rotary Motion Transducer
AN3: TR3190 Mechanical Interfaces and Other Transducers
AN4: TDR9000 Contact Dynamics Resistor Measurement
ANG6: Velocity Measurements

AN7: Monitoring Closing Coil Current with the TDR90000
Current Shunt in the Close Circuit

ANB8: Simultaneous Energization of Two Sets of Trip Coils in a
Single Circuit Breaker

AN9: Use of the Auxiliary Wet/Dry Contact Monitor
AN10: Contact Sensing and Test Lead Connections
ANT1: Sampling Rates

AN13: Safety Grounds, Close Connected Transformers and the
Use of the TDR9000 OCB/Dead Tank Contact Monitors

AN2: TR3190™" Digital, Linear/Rotary Motion Transducer

The TR3190 transducer is used to measure the position and velocity of
the operating mechanism of a circuit breaker.

This transducer consists of a reference disk of known diameter, which is
directly coupled to an optical shaft encoder. When the breaker operates,
it displaces a rod, whose motion is transmitted through a high pressure
friction drive to the circumference of the reference disk. The angular
displacement of the disk is proportional to the linear travel of the rod,
and is encoded by the optical shaft encoder.

With the addition of the rotary adapter, the rotary motion of a shaft in a
circuit breaker can be coupled to the transducer and a measurement of
angular displacement and angular velocity is obtainable.

The optical encoder translates the rotation of a shaft into interruptions of
a light beam. The light source, a light emitting diode, is collimated by a
molded lens into a parallel beam of light. The light beam is interrupted
by a code wheel comprised of a metal disk with equally positioned
apertures around its periphery.

AN 70A-1898 Rev. A 11/01 I-1
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A matching set of apertures are located in a fixed plate. The light beam is
transmitted only when the apertures are aligned, which produces a light
pulse for each aperture. A molded lens beneath the base plate collects
the modulated light and directs it to a detector.

There are two identical channels. Each channel consists of two
photodiodes, an amplifier, a comparator, and output buffers. The
apertures for the two photodiodes are positioned so that a light period on
one detector corresponds to a dark period on the other. The photodiode
signals are amplified and fed to the comparator whose output changes
state when the difference of the two currents changes sign. The second
channel has a similar configuration, but the location of its aperture pair
provides an output which is in quadrature to the first channel (phase
difference of 90 degrees). The direction of rotation is determined by
observing which of the two channels is the leading wave form. The
number of pulses encodes the angular displacement of the disk. This
pulse train is converted to a number which is stored in memory at a
regular interval. This interval produces a time reference which is used to
plot displacement per unit time, or instantaneous velocity. The motion
plot is produced by plotting the sum of the displacement data vs. time.
The delta displacement for each sample interval represents the total
displacement which has occurred during the sample interval. Therefore,
this data can be translated directly into velocity, which is then plotted for
each time interval.

There are a number of different ways the TR3190 Motion Transducer can
be interfaced with a breaker. For applications where part of the
accessible breaker mechanism exhibits linear motion, the following
method may be employed:

The transducer is designed to couple to a 1/4" Mild Steel connecting
rod, which must be 0.250" + 0.010" and free from nicks or burrs.
Select a point on the breaker mechanism, as close to the contacts as
possible, that exhibits linear motion in one plane. The top of the lift
rod on most Dead Tank oil breakers is provided with a #10 x 24
threaded hole for this application. This threaded hole is typically
accessible through a small hole located under the cap for the stop
adjustment on the center tank. If this attachment point is not
provided, it is still possible to attach a rod to other points on the
breaker. For instance, it is often possible to access the lift rod in the
cabinet of the breaker. A collar could be fabricated which attaches
around the lift rod, and provides a place to attach the 1/4" connecting
rod. The transducer connecting rod will accommodate 15° of angular
displacement. This displacement must be in a plane parallel with the

-2
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front surface of the transducer. The degree of freedom can be
ascertained by placing the rod in the transducer, closing the latch,
and then moving the rod back and forth. Observe the motion of the
pressure rollers. By using this feature, it is possible to attach the
transducer to a point which moves in more than one plane as the
breaker operates. In many breaker mechanisms, there are bell cranks
which transmit the motion of the prime mover to the contacts. Using
a suitable flexible coupling for attaching the connecting rod to a bell
crank provides a good representation of contact motion.

Once the attachment point for the connecting rod has been
determined, the next step is to provide a suitable mount for the
transducer. This mount should be rigid and hold the transducer
perpendicular to the line of motion of the connecting rod. In many oil
breakers, the cap which covers the access hole is a pipe cap,
approximately 2" in diameter. Determine the pipe size of the cap.
Obtain a pipe coupling, short pipe nipple, and a floor flange to
assemble a simple but reliable/rugged circuit breaker mounting
adapter. The pipe coupling -short nipple -floor flange assembly is
screwed on in place of the cap. After this adapter is screwed on to the
breaker, the connecting rod is then installed, and the transducer is
clamped to the floor flange with C-clamps. If this approach is not
possible, other fasteners on the breaker can be used, or suitable
fixtures can be fabricated which clamp to the structure of the breaker.
Remember that the data generated by the transducer is distorted by
any motion of the mounting setup during circuit breaker operation.

There are several features of the transducer which are used to alleviate
difficult mounting problems. The base plate of the transducer is detached
by removing the four flat head screws visible on the bottom of the device.
Other mounting plates can be fabricated to meet special needs, or the
transducer can be used without the mounting plate. There are threaded
holes on the bottom and front surface of the transducer which are used to
secure the transducer to special mounting fixtures. When using this
method take care to ensure the screws that are used are of correct length;
screws that are longer than necessary may damage the internal
mechanism of the transducer. The transducer can be mounted with either
its top or bottom facing the breaker. Avoid applying clamping forces to
the housing of the transducer, as it is possible to distort the housing and
cause loss of accuracy.
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The rotary motion adapter is used to interface to circuit breakers in which
the mechanism moves in a rotary manner, or to couple to a part of a
breaker mechanism which moves in an arc. In the case of a breaker
which exhibits rotary motion, observe the mechanism and identify the
shaft to be monitored. The rotary motion adapter of the transducer must
be attached to the end of this shaft. The adapter is provided with a drill
chuck which accommodates up to a 3/8" diameter shaft. The shaft in the
breaker can be provided with a threaded hole for a suitable adapter. If
this is not the case, an adapter with a 3/8" extension for the chuck collar
can be fabricated. This collar slips over the end of the shaft and is
retained by a set screw. If this is not possible, the chuck is removed from
the rotary motion adapter and other fixtures are installed in its place.

The transducer supports itself on the end of the rotary motion shaft,
however, a means of preventing rotation of the transducer during circuit
breaker operation must be provided. To do this, a length of 2" x 2" angle
is clamped to the transducer and to a suitable part of the circuit breaker
structure. Care should be used to minimize the free motion in this setup,
as it causes errors in the recorded data. The base plate of the transducer
is removed to provide more clearance. When this is done, the angle
stock is screwed to the transducer using the base plate mounting holes.

A sensing switch on the transducer determines if a rotary adapter is in use
before the test begins. The software then checks to ensure that the
Breaker Test Plan Motion Channels are properly configured. The actual
units in use for the test results are dictated by the entries into the Breaker
Test Plan.

If a breaker has no location where there is a rotating shaft, or no point
where a linear motion can be monitored, there could be a location
where there is a component which moves through an arc. In this case, a
small rod (approximately 1/4") is attached to the breaker mechanism with
a swivel joint and to a similar length crank arm mounted in the chuck of
the Rotary adapter. In this way the rotation of this shaft is translated and
measured.
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Some points to consider when designing mounting fixtures for the
transducer:

* The fixture should be as rigid as possible, as any motion between
the fixture and the breaker appears as an error in the results. This
is particularly noticeable if the fixture shakes when the breaker
strikes the stop at the end of its travel. This creates the appearance
of faulty damping when none exists.

e Be careful in the design of fixtures and devices applied to the
moving parts of the breaker mechanism to ensure no interference
occurs when the breaker operates.

e Large forces are generated when a breaker is operated; do not
stand in line with the motion of the connecting rod or allow loose
parts near the transducer.

Specifications
The TR3190 Motion Transducer is designed for interfacing to circuit
breakers measuring the motion and velocity of the operating mechanism,
and particularly the movement of the contacts. Table 1.1 lists its
specifications.
NoTE In Table 1.1, “g” refers to gravities.

Table 1.1 TR3190™ Specifications

Specification Values
Range of measurement | Linear motion 0.0" - 40.0"
Rotary motion 0.00° - 2880°
Velocity Linear motion 50.0 ft./sec (maximum)
Rotary motion 120 rev/sec (maximum)
43200°/sec (maximum)
Acceleration Linear 100g
400g for 50 psec
Rotary 125,000 Rad./sec?

7.162 x 106 °/sec?

AN 70A-1898 Rev. A 11/01 -5
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Specifications

Table 1.1 TR3190™ Specifications (Continued)

Specification

Values

Displacement

Accuracy

+0.1% of measured value or +0.1"
(whichever is smaller)
+0.1% of measured value or +0.1°
(whichever is smaller)

Resolution/Linear 0.002"

Resolution/Angular 0.1°
Environmental Temperature/Storage -55°Cto70°C

Temperature/Operating —40°Cto 50 °C

Acceleration and
Vibration/Transporting

ASTM D 999-75 (repetitive shock
test)

Acceleration and
Vibration/Operating

Vibration 2 g, sinusoidal; 5 to 500 Hz
Shock 20 g

Humidity

95% noncondensing atmosphere

Contaminates/Transformer Qil

Accuracy is unaffected by oil
adhering to the connecting rod

Contaminates/Soil

Accuracy is unaffected by dirt
adhering to the connecting rod

Mechanical Dimensions Transducer App. 4.0" x 6.0" x 4.0"
See Doble drawing # 76D-0195
Mounting Clamping plate 6.0" x 10.0"
See Doble drawing # 2FC-1905
Breaker Interface/Linear Standard Doble 1/4" Connecting rod:
maximum stroke length: 40"
Breaker Interface/Rotary Equipped with 3/8" x 18" threaded
Adapter shaft, with Jacobs Chuck; other
shaft adapters may be fabricated for
mounting to the threaded shaft, as
required
Interface to TR3100 Doble P/N 181-0107 (50’ cable)
-6 72A-1898 Rev.A 11/01 (M
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Figure 1.1 shows the assembly drawing for the TR3190.
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Figure 1.1 TR3190™ Linear Motion with Rotary Chuck Attached
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Also available is the TR3170 Transducer (Figure 1.2), a scaled-down
version of the TR3190 Transducer, which is designed for linear use only.
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AN3: TR3190"" Mechanical Interfaces and Other Transducers

NoTE

Measuring the mechanical displacement and velocity of circuit breaker
mechanisms vs. time and contact operation is an important analytical
method.

Many utilities use simple, mechanical Tom Edison Toys which only
measure mechanical displacement vs. time as their primary breaker
timing tool. Many years of TR1 and TR2 experience have taught us much
about mechanical measurements using the MY transducer, including
how to successfully interface the transducer to breaker mechanisms.
Although it is straightforward, it is not quite so simple as it appears. High
acceleration requires interfaces and transducers with low mass, so as not
to affect the measurements. High shock loads at the limits of travel
require rugged interfaces so they don't fall apart, or impart false
movement due to their mechanical instability. High resolution and
accuracy are required; none of these characteristics are commercially
available, so the TR3190 was born.

"AN2: TR3190™ Digital, Linear/Rotary Motion Transducer” on page I-1
describes the design of the TR3190 Digital, Rotary/Linear Transducer in
detail and provides insight into the design of adapters/interfaces. It is
Doble's policy to develop both rotary and linear motion mechanical
interfaces for the TR3190.

Over the years the client users of TR1/TR2 have also developed interfaces
and documented many of them. The SFA interface has been developed
because the OEM slide wire adapters supplied by Westinghouse to
provide electrical measurements of motion are no longer available.

The T3 Input Expander was an auxiliary instrument designed to
interface between Westinghouse SFA slide wires and TR2/PR2, and to
interface to additional MV Transducers for measuring a total of three
mechanisms, simultaneously.

Photographs of the interface connected to an SFA breaker module, a
sketch of the interface form part of this design, will be provided on
request.

Other additions include the TR3170 Rotary Transducer and the TR3171
AHMA-4/8 Transducer. The TR3171 Transducer is used on any circuit
breaker that uses the AB AHMA-4/8 operator. This includes ABB Type PA
circuit breakers, certain ELF circuit breakers and PM circuit breakers
where the voltage class is 345 kV and above.

AN 70A-1898 Rev. A 11/01 -9
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Adapters and Transducers

Adapters and Transducers

Figure 1.3 shows the SFA Adapter, with the motion lever arms mounted
on the TR3170 Transducer, and the hardware supplied with the SFA
Adapter.

Figure 1.3 Westinghouse SFA SF6 Gas Circuit Breaker

Figure 1.4 shows the Doble ABB AHMA 4/8 Transducer for use with the
ABB SF6 Gas circuit breakers using the AHMA 4 or AHMA 8 operating
mechanism. This is shown with the drive fork and the gauge block stored
on the transducer using the same bolts used during testing.

Figure 1.4 ABB PA, ELF, and PM (345 kV and above)
SF6 Gas Circuit Breakers
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Figure 1.5 shows the Doble ABB AHMA 4/8 Transducer for use with ABB
SF6 Gas circuit breakers using the AHMA 4 or AHMA 8 operating
mechanism. It is shown with the drive fork engaging the optical encoder
assembly and the gauge block in front of the transducer. The gauge block
is used to insure the coupler block is in the same plane as the surface to
which the transducer is attached.

Figure 1.5 ABB PA, ELF, and PM (345 kV and above)
SF6 Gas Circuit Breakers
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Figure 1.6 shows an adapter/transducer combination that measures travel
at the base of the insulator column. A hex adapter (3/8" - 24 to 12 mm) is
mounted on the TR3170 rotary transducer and is attached to the rotating
element of the phase. The disc that drives the semaphore remains with
the rotary element. The transducer support plate is then attached to the
transducer using 5/16" bolts. The transducer or transducer support plate
assembly is then bolted to the aluminum casing at the base of the
insulator using 8 mm x 25 mm bolts in the tapped holes used for
screwing the cover on.

Figure 1.6 ABB HPL SF6 Gas Circuit Breaker — Insulator Column
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Figure 1.7 shows a adapter/transducer combination that measures travel
at the chain sprocket in the mechanism cabinet. A hex adapter (3/8" - 24
to 8mm) is mounted on the TR3170 rotary transducer and is attached to
the rotating element in the cabinet. The transducer hex adapter is
attached to the rotating mechanism and then to the support plate. The
support plate is the clamped to the structural plate in the cabinet using
C-clamps.

-

Figure 1.7 ABB HPL SF6 Gas Circuit Breaker — Chain Sprocket

Figure 1.8 shows an adapter for use with the HVB SF6 Gas circuit
breakers that uses a ganged operating mechanism. The adapter has a
metric 16mm thread that treads into a tapped hole on the horizontal
operator adjacent to pole 1 and the mechanism cabinet. This is shown
with a 24" travel rod.

Figure 1.8 HVB SF6 Gas Circuit Breakers with
Ganged Operating Mechanisms
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Figure 1.9 shows an adapter for use with HVB SF6 Gas circuit breakers
that uses an individual mechanism for each pole. A plate is removed
from each pole, the large metric bolt is threaded into the moving
element, and the spacer is attached to the point from which the plate was
removed using existing hardware. The travel rod is inserted through the
large holes in the spacer and is threaded into a tapped hole in the top of
the large metric bolt. The transducer is then centered on the travel rod
and clamped to the spacer.

Figure 1.9 HVB SF6 Gas Circuit Breakers with
Independent Pole Operating Mechanisms (IPO)

Figure 1.10 on page I-15 shows an adapter that mounts on the moving
contact assembly using existing hardware. The plate is clamped to the
top of the circuit breaker with the forked arms extending beyond the
bushing. The transducer is clamped to the support plate. The plate is bent
at the proper angle to ensure the travel rod does not touch the transducer
case during circuit breaker operation. Figure I.11 shows this adapter for
the 2000 Amp and above range.

I-14
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Figure 1.10 General Electric Metalclad Air Magnetic Circuit Breakers
(600 and 1200)

Figure I.11 General Electric Metalclad Air Magnetic Circuit Breakers
(2000 A and above)
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Figure 1.12 shows the adapter for the VBI with the ML-18 operator (left)
and the VBI with the ML-17 operator (right). These adapters mount on the
vacuum bottle erosion ring and allow travel measurements to be made
on the circuit breaker contacts.

Figure 1.12 General Electric Metalclad VBI Vacuum Circuit Breaker

Figure 1.13 shows an adapter/transducer combination that measures
travel at the bellcrank assembly where operating rod travel perpendicular
to contact travel is changed to travel parallel to interrupter travel. A hex
adapter (3/8" - 24 to 10 mm) is mounted on the TR3170 rotary transducer
and is attached to the rotating element of the phase. The transducer is
then secured to the cast aluminum casing that surrounds the moving
elements with 5/16" bolts and several 5/16" fender washers.

Figure 1.13 GEC Alsthom HGF Series SF6 Gas Circuit Breakers
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Figure 1.14 shows the extended pin that replaces the normal drive pin. A
tab slips over the pin extension and the transducer rod is threaded into a
tapped hole in the tab. The transducer is clamped to the mechanism

cabinet.

Vi

Figure 1.14 Mitsubishi Electric Power Products 100 SFMT SF6 Gas
Circuit Breakers

Figure 1.15 shows the large L shaped plate that replaces the standard
bottom plate on the TR3160 Transducer using the hardware that secures
the standard base plate to the transducer body. The small L shaped
bracket is attached to the moving element of the circuit breaker
mechanism using metric cap screws. A shortened transducer rod
completes the installation.

Figure 1.15 Mitsubishi Electric Power Products SFMT SF6 Gas
Circuit Breakers

~ - ev. _
AMNN 72A-1898 Rev. A 11/01 I-17
et >



Adapters and Transducers

Figure 1.16 shows a general purpose adapter, with reducers and spacers,
to allow mounting of various size circuit breaker fittings. The reducers
and spacers consist of a close nipple, a coupler, and a reducer.

5%

Figure 1.16 General Purpose Adapter

Figure 1.17 shows a general purpose spacer that is used where it is
difficult or impossible to mount the transducer directly to the circuit
breaker. The spacer is bolted to the circuit breaker using existing bolt
holes and the TR3160 Transducer is clamped to the other end of the
spacer using C-clamps. A hole through two ends of the space is provided
for the transducer rod.
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Figure .17 General Purpose Spacer

Figure 1.18 shows various clamps used to temporarily secure the
transducer to a fixture.

Figure 1.18 Various Transducer Clamps
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Universal Adapter

Measurement of circuit breaker motion can be done by transferring one
physical value to another suitable for us by an electronic instrument. This
universal adapter for the transducer transfers the rotary or linear motion
of circuit breaker part in motion into digital impulses.

To connect the adapter to the moving part of circuit breaker:

NoOTE For some circuit breakers it is very difficult to find a place with the same
' motion characteristics as main contact in motion. This is particularly
: true for Live Tank Circuit Breakers.

One of possible positions is rotating shaft of the operating mechanism
or the shaft at the phase housing. Using the rotary motion at the shaft
and the linear motion at circuit breaker main contact, a transition
formula can be included in the Breaker Test Plan.

1. Attach the adapter with a C clamp to the fixed circuit breaker or the
mechanism part close to the moving shaft.

2. Adjust the moving bars so they can be moved.

3. Connect a threaded shaft '4-24 to the rotating circuit breaker shaft.

NoTE If there is no threaded hole in the shaft — drill and tap a ¥4-24 hole. If
' there is threaded hole with different thread, make an adapter that
H accepts the threaded bar.

4. Tighten with a jam nut, as shown in Figure 1.19.

Jam Nut

Figure 1.19 Flexible Coupler/Jam Nut

1-20 72A-1898 Rev. A 11/01 gﬂ@



TDR9000™ Circuit Breaker Test System User’s Guide
L]

5. Connect a flexible coupling between the threaded bar and the rotary
transducer. This coupling allows axial misalignment and transfers
rotary motion.

6. Connect the threaded bar with the flexible coupling and chuck at the
rotary transducer and tighten the two set screws.

The transducer with the flexible connector and the circuit breaker’s
shaft should be in line.

7. Tighten the moving bars.

The completed installation is shown in Figure 1.20.

Figure 1.20 Universal Adapter: Finished Installation
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Table 1.2 lists specifications for the universal adapter.

Table 1.2 Specifications: Universal Adapter

Specification Values

Closing At normal pressure, the time from energizing of the pilot valve coil
to contact touch is 7.0 to 7.25 cycles (117 to 121 ms)

Opening Contact Velocity | The average contact velocity measured between 1" and 272" from
the full closed position is 26 to 30 f/s.

Opening Time e Control voltage at the nominal value

e The time from energizing the trip coils to main contact part is 1.30
cycles or less (2 ms)

e Contact travel at .5 of a cycle after contact part is a minimum of
3.4" from the fully closed position

* The contact travel at .9 of a cycle after contact part is less than
5.3" from the fully closed position

Close to Open Operation | On a close to open operation the auxiliary switch will energize the
trip coil at contact touch +.15 cycle (2.5 ms)

Synchronizing Time e Maximum spread of the three poles on closing .25 cycles (4 ms)

e Maximum spread of the three poles on opening contact part
.15 cycles (2.5 ms)

Crossarm rotation e Angular travel of Crossarm is 35.5°
e Crossarm length is 12.75"
e Travel measured with Westinghouse adapter is 7.899" (arc length).

Travel measured with Doble adapters and transducers according
to drawing 03D-1025

e Crossarm rotation 35.5°, adapter lever rotates 46°
* Angular travel ratio is 46/35.5 = 1.296. 30% difference
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AN4: TDR9000 " Contact and Resistor Measurement Dynamics

Figure 1.21 shows a schematic for the TDR9000 contact and resistor

measurement.
X _z R(Q) +10%
OPTICALLY g -
R COUPLED_ Ir

®

65/2010V

PROGRAMMABLE
DIGITAL

DISCRIMINATOR

|

OPTICALLY
COUPLED

w

TO g computer
OPERATION

MAIN CONTACT OPEN
BOTH COMPARATORS ON

COMPARATOR A ON
COMPARATOR B ON

BOTH A & B COMPARATORS OFF

MAIN CONTACT CLOSED
RESISTOR CONTACT CLOSED

BOTH CONTACTS OPEN
Figure 1.21 Contact and Resistor Measurement
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Figure 1.22 explains contact and resistor timing.

CLOSE
RESISTOR
OPEN
CONTACT
MEASUREMENT
v
Lo b b borreree b
T=0| Ll 800 800 800 200 800
100 uS/DIVISION
60 SAMPLES/
DIVISION
| NO | NO | R~ | R~ || NO
0 <800 800 800 <800
RESISTOR MEASUREMENT

(20.3 samples/cycle(60 Hz base))

Figure 1.22 Contact and Resistor Time Diagram
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ANG6: Velocity Measurements

There are four types of velocity measurements made by the TDR9000
during Trip and Close operations. These measurements are tabulated in
the Breaker Performance Report and displayed on the graphic trace of
circuit breaker operation.

The Average Velocity for Zone | and Zone 2 during a Close or Open is
calculated as follows:

There are five ways to specify the method for determining the zone in
which the average velocity is to be calculated:

¢ Distance — Distance

¢ Distance — Time

e Time-Time

e Main Contact Operation — Time (Time before Contact Close and

Main Contact Close or Main Contact Open and time after Main
Contact Open)

e Main Contact Operation — Distance (Distance before Contact
Close and Main Contact Close or Main Contact Open and a
Distance after Main Contact part)

For each zone in which a travel velocity is desired, the beginning and
ending points of the zone are specified. The reference for all distance
measurements is the fully closed position of the circuit breaker, and the
displacement value for the fully closed position is zero. When the
transducer rod passes the selected beginning point the time is recorded.
All subsequent movement of the transducer rod is summed until the
transducer reaches the selected end point whose time is also recorded.
The sum of these incremental travel distances is the distance the circuit
breaker travels and the difference between the two times is the time it
took to travel the distance. The distance traveled divided by the time
required yields the Average Velocity for the respective zone. This value is
printed in the tabulation under Mechanical Motion.

The value for the velocity that is tabulated under OCB or EHV Contact
Timing is calculated as follows:

The time and the position of the transducer rod when the contact
first makes or breaks is tagged. The position of the transducer rod
500 usec before contact operation and the position of the transducer
rod 400 psec after contact operation is also tagged. The turn of the
incremental movements of the transducer rod divided by the time
(1000 psec) yields the Average Velocity at first contact make or break.
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The velocity trace displayed on the graphic output is the printout of the
Average Velocity calculated as follows:

The position of the transducer rod at each 100 psec interval from the
test initiation is recorded. From this data and the 100 usec time
period, the individual Average Velocities are calculated. These
Average Velocity points are then printed in the graphical output. The
scale for the velocity is printed at the end of the graph.

The velocity that is tabulated is the highest Average Velocity calculated
over the 100 usec intervals.

All velocity measurements are directly proportional to either linear or
rotary movement of the circuit breaker. If the circuit breaker contact
travel is not equal to the transducer rod travel, the Transfer Function
provides the correction factor necessary for these measurements. These
two values are entered by the user from data provided by the circuit
breaker manufacturer and or the user; the default ratio is 1.00 to 1.00.

Displacement values near the beginning or end of travel should be
avoided.

During a Trip test the circuit breaker remains closed for several
milliseconds after the Trip signal is applied. If zero displacement is
selected as the beginning of the zone, the TDR9000 starts timing at test
inception and the several milliseconds that the breaker remains fully
closed prior to circuit breaker movement are included in the time used
for the calculation of Average Velocity for the specified zone.

For Close tests, zero is also the fully closed position of the circuit breaker.
If zero is chosen as the end point and the circuit breaker mechanism
continues to move for the majority of the Close test, due to the dampener,
the time used for the Average Velocity will again be excessively long.
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AN7: Monitoring Closing Coil Current with the
TDR9000™ Current Shunt in the Close Circuit

NOTE

The TDR9000 system uses one set of control leads to control the
operation of the circuit breaker and to monitor the Trip or Close current.

The TDR9000 close current measurement can handle a maximum of
20 A.

Previous test sets used a relay to initiate the Trip or Close operation. Since
the pickup time of the initial relay varies from test to test, a method to
mark the time of test initiation was necessary. A second set of leads
(sense channel) provided this function and enabled timing from that
reference point on the trace. Since the TDR9000 uses its solid-state
control circuitry to initiate operational tests, this sense circuit is not
necessary. The Trip and Close circuits of the TDR9000 incorporate
optional shunts that enable the instrument to monitor and measure Trip
and Close currents.

Since most Close tests are initiated with the Close leads bridging a
closing contact on a control switch or a push button, the current
monitored is the current that is present in the X relay circuit rather than
the Closing Coil circuit.

The current in the Close coil circuit can be monitored and measured if a
few temporary clip-to-clip jumpers are added (Figure 1.23).

LSk
Bl

Figure 1.23 Jumper Placement
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Open the close circuit knife blades and add the two clip-to-clip jumpers
as shown in Figure .23 on page 1-27. With the connection of the Close

initiate leads as shown, and the two additional clip-to-clip jumpers, the

test set now monitors and measures the current that flows in the closing
circuit without disabling any fusing or anti-pump protection.

The Close pulse length should be lengthened from the default value of
133.3 ms to approximately 300 ms to allow the close coil current to be
interrupted by the X relay contacts. This is done in the Command
Parameter portion of the Breaker Test Plan. If the same circuit is
employed for Trip-free, Reclose, or O-C-O tests, then their close pulses
should be lengthened accordingly.

The time from Close coil energization to Main Contact closure is
determined using the graphical results. The time from test initiation

(X relay energization) to Main Contact operation is tabulated and given in
the Test Results Report.

ANB8: Simultaneous Energization of Two Sets of Trip Coils
in a Single Circuit Breaker

NoTE

Many modern high voltage circuit breakers have two sets of trip coils that
may have independent sources of power. To energize both sets of trip
coils simultaneously from their respective power sources, without
electrically tying the battery banks together, proceed as follows:

1. Connect the pair of trip leads to energize Trip Coil #1 and connect the
pair of close leads to energize Trip Coil #2. On the Breaker Test Plan,
Command Parameters, Trip-Free Parameters, select a Trip-Free Delay
of 0.0 msec.

2. Close the circuit breaker. When the Trip-Free test is initiated, both the
Trip and the Close circuits are energized simultaneously.

3. The Trip current for Trip Coil #1 is displayed as Trip Current on the
Breaker Performance Report and on the graphical results. Likewise,
the Trip Current for Trip Coil #2 is displayed as Close Current on the
Breaker Performance Report and on the graphical results.

If the circuit breaker opens, it has passed the test.

The Close Circuit current maximum range is 20 A.

I-28

72A-1898 Rev.A 11/01 (AN

;



TDR9000™ Circuit Breaker Test System User’s Guide

ANO9: Use of the Auxiliary Wet/Dry Contact Monitor

The Auxiliary Wet/Dry Contact Monitor is used to obtain the times from
Close Coil energization to Resistor Switch and Main Contact Closing. The
Close Parameters has a Timing Event entry in addition to the Close Pulse
duration entry. One of the following channels can be used for the T=O
time: the Close circuit current as measured by the current shunt in the
TDR9000, a Wet/Dry Contact channel, or a current or voltage channel.
The current and voltage channels have an adjustable trigger level that is
settable in 10% increments. These increments are a percentage of the
selected full scale of the channel. This enables the user to measure the
time between the energization of the closing coil and the desired event.

The Instrument monitors three states — Dry Contact Closed, Dry Contact
Open, Wet Contact Open. To use this feature, connect the two leads from
the Contact Monitoring channel across the circuit breaker's closing coil
(observing lead polarity). Select Analog as the timing event and enter the
channel number in the Timing Channel.

Prior to closing coil energization the Instrument considers the closing coil
as a Dry Contact Open. When the closing coil is energized, the
Instrument considers it a Wet Contact Open.

Using this procedure, the times obtained are compared to the
specifications for closing time that were entered in the Breaker Test Plan.

AN10: Contact Sensing and Test Lead Connections

EHV Main Contact sensing circuitry of the TDR9000 applies a low DC
voltage across the common lead at each contact lead. The actual voltage
is dependent upon the Resistor Range selected. The EHV Contact Module
applies 15 VDC when the 200 Ohm to 500 Ohm range is used and

7.5 VDC when the 100 Ohm to 300 Ohm range is used.

OCB Main Contact sensing circuitry in the TDR9000 applies 20 or

65 Volts DC across the common lead and the three contact leads. The
Dead Tank/OCB Contact Module applies 48 VDC when the 300 Ohm to
7,000 Ohm range is used and 15 VDC when the 10 Ohm to 400 Ohm
range is used.

The low sensing voltages are used to minimize the amount of cross talk
and still maintain an adequate signal to noise ratio in areas where there
may be up to 10 mA of interfering noise.
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These low sense voltages make good connections a necessity. All places
to which the Contact Cables are to be attached must be free of paint or
corrosion. Wire brushing the point of connection is advisable.
Connections to a hinge pin or similar device must be avoided. The
crocodile clip grip should not be loose or wobbly. The weight of the
suspended cables must not be supported by the crocodile clips; the
contact cable should be draped around a fixed object which supports the
weight of the cable.

On circuit breakers that have a very violent mechanical operation, a
clamp type connection may be warranted. The crocodile clip is bolted to
a metal tab at the cables’ end and can be removed to facilitate adding
another type of connector to the cables’ end.

Table 1.3 lists the voltages used for EHV and OCB channels for the
TDR9000.

Table 1.3 TDR9000™ Contact Sensing Voltages

Low Q High Q None
TDR9000 EHV 7.5V 15V 15V
OCB 15V 48V 15V

AN11: Sampling Rates

The basic concept for digital sampling is that the sampling rate should be
faster than the event that being captured. This sample rate captures the
event. However, if there is a need to determine the actual length of the
event, within 10%, then the sampling rate must be an order of magnitude
faster than the event. To detect and determine the length of bounces of 1
msec, with an accuracy of 10%, a sampling rate of 10 kHz (a sample
every 100 psec) is necessary.

Sampling rates are a prime consideration in the resolution of motion and
velocity. Slower sample rates affect measurements that involve a contact
event and motion subsequent to that contact event. Measurement of
Contact Wipe can be affected by slow sample rates.

Instantaneous velocity measurements from digital travel transducers are
also affected by the sample rate.
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Travel and velocity measurements on the new vacuum circuit breakers
which have very short travel and high velocities are adversely affected by
the slower sampling rates.

In a circuit breaker that has a velocity of 20 ft/sec in the arcing zone, the
following calculations are appropriate:

e 20 ft/sec x 12 in/ft = 240 in/sec
* or 24 thousandths of an inch every 100 usec.

For a sampling rate of 10 kHz (one sample every 100 uSec) and a Main
Contact closing just after the sample period, the Main Contacts travel
0.024" before the next sample period begins.

If the sample rate is 5 kHz (one sample every 200 pSec) with a Main
Contact closing just after the sample period, the Main Contacts travel
0.048" before the next sample period begins.

If the specified Contact Wipe is 0.5", then an error of 0.048" approaches
a 10% error. Although Contact Closure is an asynchronous event with
respect to the instruments sample period, higher sampling rates minimize
these errors.

AN13: Safety Grounds, Close Connected Transformers,
and the Use of the TDR9000"" OCB/Dead Tank Contact Monitors

The power supplies used for the Doble TDR9000 Contact Monitors do
not have a ground reference. However, since this is the source of voltage,
it is necessary that the common lead of the Contact Monitor cable be
connected to the side of the breaker that has the circuit breaker bushings
tied together and has the safety ground.

When testing a circuit breaker that is close connected, there is no
disconnect switch between the circuit breaker and the transformer, to the
Y winding of a transformer whose neutral is grounded or to an
Autotransformer. Therefore, the safety ground must be placed between
the transformer and the circuit breaker.

In substations where one circuit breaker disconnect switch is adjacent to
the circuit breaker to be tested and the other disconnect is physically
separated from the circuit breaker, place the safety ground on the poles of
the circuit breaker that is farthest from the disconnect switch.
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Dead Tank and Live Tank Setups, general 1-3
General description 1-1
Laptop and TDR9000™ Test Plan Configuration, general 1-7
Running the Test, general 1-17
TDR9000  Physical Front Panel Configuration, general 1-9
Site Preparation Rotary/Linear Transducer Installation, general 1-6
Slow Close test, explained 2-18
Slow Close, explained F-1
Smart cursor 3-9
Software, updating C-1
Specifications
EHV module H-3
Environmental H-8
Event module H-4
OCB/Motion module H-1
Physical H-7
System module H-5
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System module

General explanation 2-8

Specific explanation 3-22

Virtual Front Panel configuration 4-44
System operation, theory D-4

T

TDR9000 ™
Configuration, general procedure 4-25
Configurations supported 2-11
Contact and Resistor Measurement Dynamics 1-23
Disconnecting after a test 4-99, 4-100
Maintenance E-2
OCB/Dead Tank Contact Monitors, use |-31
Packing for return B-33
Physical front panel configuration, general 1-9
Safety 4-7
Tests supported 2-12
Updating firmware C-5
Updating printer driver C-6
Updating software C-1

TDR9000 * Connections
First Trip/Close Test 1-15

Test Duration Parameters A-55

Test Exceptions Procedure G-7

Test Exceptions, error messages G-5

Test Initiation A-38

Test Parameter Conflicts, error messages G-8
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Test Plan

Analog
Current/Voltage Magnitude A-40
Analog Channel Activation A-68
Analog Channel Specifications A-67
AUX Contact Transition A-42
Auxiliary Contact Channel Specifications A-66
Auxiliary Contacts Channel Activation A-67
Average Velocity — Close A-91
Average Velocity — Open A-86
Average Velocity Specifications A-86
Close Current Magnitude A-39
Close Timing A-37
Command Parameters A-34
Configuration 4-29
Contact Timing Specifications A-70
Creating a new plan 4-31
Dead Tank/OCB A-62
Device Timing Specifications A-35
EHV Resistor Ranges A-64
General A-28
Insertion Resistor Value
Open and Close A-79
Live Tank/EHV A-64
Main Contact Configuration —
EHV/OCB/SPLIT Contact Channel Activation A-64
Main Contact Timing
Trip-Free Dwell — Reclose Dead A-74
Main Contact Timing — Close A-72
Main Contact Timing — Open A-71
Main Contact Timing — Reclose A-73
Motion Channel Activation A-56
Motion Channel Specifications A-56
OCB Contact Channel Activation A-62
Overtravel, Rebound — Close A-85
Overtravel, Rebound — Open A-84
Pre-Triggering Data Collection A-53
Reclose Parameters A-45
Res Tab Qualifier A-79
Resistor Contact Timing Specifications A-75
Resistor Switch Timing — Close A-77
Resistor Switch Timing — Open A-75
Test Initiation A-38
Total Travel, Contact Wipe A-82
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Transfer Function A-58

Travel Specifications A-

82

Trigger Input Parameters A-51
Trigger Output Parameters A-53

Trip Timing A-37

Trip/Close Currents, Resistor, range selection A-37
Trip-Free Parameters A-43
Using an existing plan 4-31

Test Plan and Hardware Conflict Errors G-1

Test Results
Adjusting 4-85

Channel viewing properties 4-91
Close Test Tabulation A-110

Cursors, using 4-89
Dwell Time, Close test
Interpreting A-97

A-121

Main Contact, Close test A-112
Mechanical Motion A-99

Overlay 4-86

Reclose Test Tabulation A-124
Re-order displayed channels 4-88
Resistor Switching A-104

Resistor Timing, Close test A-116

Signal Viewer use 4-81

Trip Test Tabulation A-98
Trip-Free Test Tabulation A-120

View 4-80

Voltage and Current Monitoring A-108

Working with 4-80

Time Display, Cycles or mSec A-30

Topology 2-2
Total Travel, Contact Wipe
TR3160™

Installation 4-22
TR3190™

A-82

Digital, Linear/Rotary Motion Transducer I-1

Installation 4-16

Mechanical interfaces and other transducers 1-9
Motion transducer, specifications I-5

Transfer Function A-58

Transient Recovery Voltage A-16

Travel Specifications A-82

Trigger In/Out channel connections 4-67

Trigger Input Parameters A-

51
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Trigger Output Parameters A-53
Trip and Close fuses, replacing B-28
Trip Free test, general explanation 2-16
Trip Test Tabulation A-98
Trip test, general explanation 2-13
Trip Timing A-37
Trip/Close
Currents, Resistor, range selection A-37
Function test B-28
Module, general explanation 2-9
Specific explanation 3-23
Trip-Free Parameters A-43
Troubleshooting
Cable replacement B-30
Circuit boards B-19
Customer service B-32
DC power supplies B-18, B-24, B-26
Power-up diagnostics 4-32
Problems and solutions B-13
Self-Diagnostics test B-1
Trip and Close fuse replacement B-28
TRX"" and TRXField™ software, relationship 2-4
TRX™ Options window A-31
TRX™ software, general explanation 2-4
TRXField "™
General explanation 2-5
Menu bar A-29
Nameplate parameters A-33
Optional information A-34
Required information A-33
Right-click menu A-32
TRX" Options window A-31

U

Universal Adapter 1-20
Universal Adapter, specifications 1-22

\%

VBI Adapter 1-16
Velocity Measurements [-25
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Virtual Front Panel
Connector level configuration, general explanation 3-8
EHV configuration 4-38
Event configuration 4-41
External Triggers configuring 4-54, 4-56
Force breaker identification information 4-75
Module level configuration, general explanation 3-7
OCB/Motion configuration 4-35
Parameters configuration 4-48
Printing results 4-99
Running tests 4-74
Saving results 4-94
System configuration 4-44
Tabs, use 3-5
Test Plan configuration 4-29
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Wipe, general A-27
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