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LEGAL NOTICE

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. IN THE EVENT THE
PRODUCT IS NOT FREE FROM DEFECTS AS WARRANTED
HEREIN, 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, CAUSED BY OR ARISING
OUT OF THE USE OF OR INABILITY TO USE THIS PRODUCT,
INCLUDING WITHOUT LIMITATION, PERSONAL INJURY OR
PROPERTY DAMAGE, ANY INCIDENTAL OR CONSEQUENTIAL
DAMAGES, EXPENSES, LOST PROFITS, LOST SAVINGS, OR
OTHER DAMAGES.

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. Purchaser’s exclusive remedy shall be the
replacement of any disks not meeting Doble’s Software Limited
Warranty which have been returned to Doble within the warranty
period.

This warranty gives the purchaser specific legal rights and the
purchaser may also have other rights which vary from state to state.



Limitations of
Remedies

Maintenance

EXCEPT AS DETAILED ABOVE AND TO THE EXTENT ALLOWED
BY ANY APPLICABLE STATE AND FEDERAL LAWS: 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 ALL LIABILITY ASSOCIATED WITH THE SOFTWARE
AND THE ENTIRE COST OF ALL NECESSARY SERVICING,
REPAIR, OR CORRECTION.

If Doble notifies Purchaser that 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.

TO THE EXTENT ALLOWED BY ANY APPLICABLE STATE AND
FEDERAL LAWS, DOBLE EXPRESSLY DISCLAIMS ALL
WARRANTIES NOT STATED HEREIN. 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 ANY SOFTWARE OR PRODUCT, OR FOR ANY
TECHNICAL OR EDITORIAL ERRORS OF COMMISSION OR
OMISSION, EVEN IF DOBLE OR AN AUTHORIZED DEALER HAS
BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, OR
FOR ANY CLAIM BY ANY OTHER PARTY.

For equipment maintenance, contact:

Doble Engineering Company
85 Walnut Street
Watertown, MA02472 (USA)

Telephone: 617-926-4900
Email: customerservice@doble.com
Web: www.doble.com



Government
Restricted Rights
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Intellectual
Property Notice

Use, Duplication, or Disclosure by the U.S. Government is subject to
restrictions as set forth in subparagraphs (c)(1) and (c)(2) of the
Commercial Computer Software - Restricted Rights Clause at FAR
52.227-19.

This Manual is solely the property of the Doble Engineering Company
(Doble) and is provided for the exclusive use of Doble clients under
contractual agreement for Doble test equipment and services.

This Manual is protected by copyright, all rights reserved. No part of
this book shall be reproduced, stored in a retrieval system, or
transmitted by any means, electronic, mechanical, photocopying,
recording, or otherwise without written permission from the Doble
Engineering Company.

Doble and the Doble logo are trademarks of Doble Engineering
Company.

Microsoft, Windows, Windows 95, Windows 98, Windows 2000,
Windows NT, XP, Vista, and Windows 7 are registered trademarks of
Microsoft Corporation in the United States and/or other countries.

Copyright ©1999-2013
By Doble Engineering Company
All Rights Reserved



Contents

PrEIACE ..o 13
1. What's New: Ganging of InStruments ...........ccccoooiiiiiiiiii i 15
T oo {3 o3 1 o] o T PRRRR 15
WHEN t0 USE GANGING ..vuuiiiiiiiiiiii e et e e e e e e e et s e e e e e et a e e e e e eesaaaeaeaeeennns 16

Test MOdES aNd GaANGING .....evurieiiiiiiiiiiiiii e e e e e e e e e e e e e e e e e e e e e eeeeeeeeeeeeeerebneanaenes 16

Two Styles of HArdware SetUP..........oooiiiiiiiieiieee e 16
ONE Phase Per UNit.......ccooiiiiiiiiiiiiieeeeeeeee s e e e e e e e e e e e e e e e e e e e e e eeeeeeeeesnnees 17

All PRASES P UNIT.....iiiiiiiiiiiiiiiiiiiiiis s 18
Ganging Setup IN SOTIWAIE ........ooiiiiiiiiiiiiiii e e e e e e e e e e e e e e eeeeenaee 19
Channel Mapping for Ganged INSIIUMENLS .........oooiiiiiiiiiiiiiie e 20
Main Contact Channel Mapping and Hardware Setup ...............uuvveiivimiiiiiiiiinnineeennns 20
Motion Channel MapPing..........ii i e e e e e e e e e e e e eenne 23

Aux, Analog Channel Mapping ......cccoooo oo 23

2. Introduction to the TDRO100 .......ccoviiiiiiiiiee e 25
T oo {3 T3 1 o] o SRR 25
Standard Components and ACCESSOIES .....ccceeeeiiiiiiiiieiieeieeiiteiteai e a e e e e e e e aaaeaaaaes 26
Front Panel CharaCteriStICS ... . .oiuiiiiiii e e e 27
Measurement ChaNNEIS ...........uuii i e e e e e e aeaanaas 28
Event Channels (Analog and AUXIIAIY) ........ooooiiiiiiiiiiie e 29
MOLION CRANNEIS........eiieiie e 30

OCB CNANNEIS ... i e e e e e e e e e e e e e e e e e e e e e eeaeeeearaaee 32

EHV ChannEls ...t e e e e e e e e et eaeaaeens 33
(0] g a1 g g F=T Lo I T T Tor 1o o 1S PP 35
Safety Switch Cable CONNECION ...........coiiiiiiiiieeiieee e e e e e e e e e e 36
Trip/Close Command FUNCLON .........ccoiiiiiiiie e e 36
L[ [ [ T PP P TP PSPPSR 37
COoMMUNICALIONS OPLIONS ....eeiiiiiiiiieee ettt e et e e e e e e e e e e e e e anbab b e b e e eaaaaaaeaaas 38

TN 72A-3236-01 Rev.B  07/2013
et



TDR9100™ and T-Doble 3.3 Circuit Breaker Test System User Guide

YU o] oTe] g (=To I 1= 1] £ TP PPPPPPPPPRPTPT 38
T-DODIE SOFWAIE ... . e e e e e e e e e e e e e e e e e e eeeeeeeeeenessennenes 39
U Tox 10 o PP 40
Column Width and Readability ... 40

3. Safety ConSIderations .........cccciiiiiiiiiiciiie e e e e 43
Grounding the TDROZ00.........cciiiiiiiiitii ettt e e e e e e e e e e e e sbbb b e e e e e eaaaaeeaeeaannes 43
INSTIUMENT PrECAULIONS .....iiiiiiiiieeeeeeeeii s e e e e e e e e e e e e e e e e e e e e e eeeeeeaesan e as 44
Testing INthe FIEIA .......co e e e 44
Safely Testing with the TDROL0O0 ........cooiiiiiiiiii e 45

O TS =T S Y= L ] PP 47
Preliminary SETUD ...ttt e e et e e e e e e e e e e e e e e nbnbeeeees 47
Selecting @ TesSt Plan OPtioN.......coeiiiiiiiiii e e e e a7
Selecting the TDROLOO .......ouuuiiii e e e e e araaa s 49
Setting SyStemM PreferEnCeS. .. ... i 50
OPENING FIIBS ... ettt e e e e e e e e e e e e s 53

SEAM HEIE TaAD .o 54
NaMEPIALE TaAD ..oeee e e e e aaaana 55

= o] (ol IR ] S = SRR 56
Breaker TImINgG LIMILS ... e e e e 56
TSI (o] T T T T I T € 66
MOLION LIMILS TAD ..o s 77

QLI V= I 01 PSS 78
Average VelOoCity LIMIES ........uuuiiiiiiiiiiiiiiiiiiiite e e e e e e e 82

5. Channel SEIUP ...uueiii e 101
Main Contact Channels Tab .........cvviiiiiiiiii e 101
OCB Channel SEIUP......ci i e e e e e et eeeeeeens 101

EHY Channel SETUP .. ..ottt eaaeee 102

1Y/ Fo ] 1 ToT g @4 o F= o1 =] KSR 1= o USSP 102
Selecting a Motion Limit Set for Each Channel..............cccocociiiiiiiii 104
TranSAUCET SCaAlING .....coiiiiii e e e e e e e e e e 104

6 72A-3236-01  Rev.B  07/2013 ¢¢MI0N
i ¥



Contents

AUX, ANGIOG TAD ..o 108
Event Channels and the Aux, Analog Tab..........cccooiiiiiiiiiieeecee 108
ANAIOG CRaNNEIS ... e 111
ANAIOY SCAING ... e e e e e et et 111
Voltage RANGE SEIECHION ........uuiiiiiiiiiii e 112
Current Selection fOr PrODES .........cooiiiiiiiiiiiieeee e a e e e 112
Auxiliary Contact Channels ...........uiiiiiiiic e 113
Virtual ChanneIS ....... e e e e e et e e e e e e enaannas 114

OIS 1] o B o I =] £ US 115

TSt SEIUP TaAD ..t 116

ComMMAND PAramMEEIS .. .iiiiiii i e e e e e e e e e e e e e e e e e e e e aees 117
General Note about Delay Parameters ...........oooviiiiiiiiiiiieeec e 117

LI 0] LIS PP PP PPPPPPPPPPR 118

(O [0 1S T 1= O 119

THPFIEE (CO) TS . iiiiii ittt s e e e e e e e e e e e e e e aeeeeeeeeeeeeeeessennssnnnne 120

RECIOSING (O-C) TEST iiiiiiiiie e e e e et e e e e e e et e e e e e e e asaaaaaeaeeanns 123

O O I I SRR TR RUPUPPPPPPPRRRN 126

(O 1@ =T [0 [ O @ T I PP 127

[y=ToTo] o IO o1\ (S {© ) I I = S 133

TrIP/ClOSE RANGES ...ueciiieeece e e et e e e e e e e e e e e e e e e e e 133

ReCOrding PArameters .........cooiiiiiiiiiiiiiiiiiii e e ettt e e s 134
SAMPING RALE ...t e e e e e e e e e e e eeeeaaeaeas 134
(=T oTo] o [T I T = 135
(S Lo o =T o T = USSR 135
SAIMIPIES e a e e e e e e e e 135

BOUNCE DISCHMINALON ......iiiiiiiiiieieeeieteie e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeaeeesaasnnnnn e e e eaeas 136

TS A N T I I =) ST 137
Safety Considerations for FirSt TP TESS ...cccovuuiiiieeiiiiii e e 137
Configuring @ FIrSt THP TSt ... 138

Instrument Connections for First TriP TESES .....uuiiiiiiiiiiiiiiieiie e 140
Making Circuit Breaker CONNECHIONS ......cooiiiiiiiieie s 141
Disconnecting After @ FIrSt THIP .ouuuuu e e 142

(M 72A-3236-01  Rev.B  07/2013 7
e



TDR9100™ and T-Doble 3.3 Circuit Breaker Test System User Guide

7. Triggering and TimiNg SETUP ....oveeviiiiiiiieeeeee e 143
RIC=ES S o [o L=T T o TS T=3 U] o SR 143
INEEINAI THIGOEBIS - e e e e e e e e e e e e e e e et e e eeeeeeeeeeseseseaennnnnes 143
ANAlog (EXIErNAl) TIIGQEIS ..eeeeiiiieaeieie ittt e e e e e e e e e e e eee e 144
Aux Contact (EXIErNal) TrIQOEIS . .uuuuurruueriiruiiiiiisaseaaseaaeaeeaaeeeeseeeeeaeeeeeeeeeeseeresnnnnnnnn 144
TiIMING RETEIENCE SEIUP ..covvieiii e e 145
Selecting a Timing Reference for Tabulating Test ReSults............ccccoovveviviiiiiiii e, 146
8. RUNNING @ TS .uuiiiiiiiiiie it e et e e e eeaanns 157
Front Panel REfErence............cccoviiiiiiiiiinic 158
Set up the Hardware in this Order! ... 160
Step 1: Preparing the CirCuit BreaKer ..........ooouuuiiiiiiiiieicie e 160
Minimize ElectrostatiC INterfErenCe ............oiii i 160

[ (0 To =Y o [0 SUSPRRSRR 160
Step 2: Making TDRO100 CONNECLIONS........cciiiiiiiiiiiiiiiiviiiiitiiiisn s e e e e e e e e e e e aaeaeeaas 161
Grounding the TDROZL0OO0 .......uuiiieiiiiiiie e e e e e e e e e e e e e e eeeann 161
Connecting the TDR9100 to the Controller PC...........uuuuiiiiiiiiiiii e 161
Main Contact OCB and EHV CONNECLIONS ...........uuuiiiiiiiiiaeaaiieieiiiiieieeeee e e 162
Event Connections: Auxiliary Contact Channels............ccccoeeiiiiiiiceeeiiiies 162
Event Connections: Analog Channels: Current and Voltage .........c..cccooeeevvvviiinnnn.n. 163
TrP/ClOSE CONNECHIONS ... e a e e e e e e e e 166
MOLION CONNECLIONS ......ieiiiiieieiieiieiieei e e e e e e e e e e e e e e e e e aeaeaeaaeeeeeeeeeesessssnssnnnnnnnns 166
Step 3: Making Circuit Breaker CONNECHIONS ..........c.cuvvvviiiiiiiiiiiiiiiiisiee e ee e e e e e aeeeaeeee 166
Main Contact CONNECTHIONS ......vvviirieriiitiiiiii e e e e e e e e e e e e e e e eaaeeeeeaeeeeeeeeesesesrenrnnnnns 167
EVENT CONNECHIONS ...ttt e e e e e e e e e e e e e e e e eeeeeeeeeesesenennnnees 173
System Control CONNECHIONS..........coooiiiiiiiiiieieee e 174
MOLION CONNECLIONS .....ceeiiieeeieeieiiieitiii e e e e e e e e e e e e e e eeeaeaaaeaeeeseeeeeeseeesssnsnnnnnnnnns 174
Step 4: Creating @ TeSE PlaN ..o 178
Step 5: Removing Safety GroUNdS .........ccoooiviiiiiiiiicccee e e 178
Neutral-grounded TranSTOIMEIS .........uuuiuiuiie e 179
HIGN VOIAGES ...ttt e e r e e e e e e e e e e e e 179
Step 6: APPIYING POWET ....vveiiiiiiieiiee ittt a e e e e e e e e e aaeaas 180
Step 7: RUNNING the TeST ..ot et e e e e e e aaaaaas 181
Safely ACHVALING @ TOST...coo i e e e e 181

o (0 To =Y o [ = S SUSPPRSRR 182

8 72A-3236-01  Rev.B  07/2013 ¢¢MI0N
i ¥



Contents

Step 8: Disconnecting After Testing iS COMPIELe ........eeiiiiiiiiiiiiiiiieeeee e 183
9. Displaying and Interpreting Test ReSults ............ccoviiiiiiiiiiiiiiiieeeeenns 185
Editing the NamMEPIALE .........oovviiiiiiiiiieii s 185
DiSplaying RESUILS.......coiiiii e e e e e e e e e et e e eaaeenes 186
Viewing Tabular RESUITS ... 186
Viewing GraphiCal RESUILS ..........ooiiii e 189
Setting PIOttiNg PreferenCeS ......ccooiiiiiiiieee e 190
USING the PlOtS TOOIDA ... e e 191
Z00MING 1N AN OUL ... e e e e e e e e e e e e e e e e eeeeeeaseeeeennenes 193
Activating and MOVING CUISOIS .....cciiiiaiaiiiiaiiiiiie et ee e e e e e e e e e e e e e e e aeeaannnes 193
Reading the Cursor Values Table ... 195
Advanced CUrSOr FUNCLIONS .........uiiiiiiiiiiiiiiiiii et e e e e 197
Viewing Trace INfOrmMation ...........oooiiiiiiiiiiiiiii e 198
OVEIIAYING PIOLS ...ttt e e e e e e e e e e aaaaeas 200
Editing Breaker SPecCifiCatioNS............uuuueiiiiiiieiee e 201
SAVING TESE RESUILS .euunicecieee e e e e e e e e 202
TP TESE RESUILS ... e e e e e e e e e e e et e e et e e eaeeeeerenrennanes 202
ClOSE TESE RESUILS ...ttt e e e e e et e e e e e e e e e e e e aaannes 206
RECIOSING TESE RESUILS ...oeiiiiieiiiiiiiiiiii et e e n e e e e e e as 209
THPFrEee TeSt RESUILS... oo e e e 212
O-C-O TeSE RESUITS ...t e e e e e e e e e e e e e eaeaaanas 215
CreatiNng REPOITS ...ttt e e e e e e e e e e e bbbt e be e e e e eaaaeaeaaaannes 218
AL MAINTENANCE ... e e e e et e e e 221
TDR Instrument Rules for Safe Operation ............ccccceviiiiiiiiieeeeeeeeeeeeeeeeeeiees 221
Cleaning the TDROLOO0.......ccouuiiiii e e e e e e e e e e e e e e e e e e anaaanas 222

(M 72A-3236-01  Rev.B  07/2013 9
e



TDR9100™ and T-Doble 3.3 Circuit Breaker Test System User Guide

B. EITON IMESSAgES .. et et eeete ettt et e e e e eeaa s 223
C. Concepts Of OPEratioN .......coeeeeiiiiiiiiiiiiiiiir e 225
CRANNE] TYPES . e e e e e e 225
MaiN CONLACE TIMING «.eeeiieiiieieie e e e e e e e e e e e et e e e e e aaeeeaeaaannns 225
ReSIStOr CoNtact TIMING ......covviiiiiiiiieiiiiiiiiiiir e e e e e e e e e e e e e eeeeeeteereeeeeesesesenennnnnns 226
MOLION CRANNEIS ... e e e e ettt e e eeeseeeseaeraarees 226
Auxiliary Contact ChannelS ..........oooiiiiiiiiiiiii e 226
ANAIOG CRANNEIS ... e e e e 226
CircUit Breaker CONTIOL. .. ... . e a e e e e e e e e e e e eaas 227
YA (] £ O 01T = U1 o o PP 227
JLIC=ES S =TT o1 U 1 o o S 227
D= 1= B I = 1S (= S SUURRR 227
RESUILS PrOCESSING ...oiiiiiiiiiiiiiieeiee ittt s e e e e e e e e e e e e e e eeeeeeaeeeeeeeeessssssnnsnnnnes 228

D P A S . e 229
Cable Bags and Individual Cables.............coooiiiiiiiiii e 229
TDR9100 Basic Cable Bag and Individual CoOmpoNentS.........ccooeveeiiiiieeieeeeeeeeeeee 229
GaNGING CaADIES ... as 231
Main Contact (OCB) CabIe ...........uuuuiiiiiiiii e 231
EHV Cable Bag #1 and Individual Cables............ccccooi i, 232
EHV Cable Bag #2 and Individual Cables...........ccoooieiiiiiee 233
Cable Bag with 3 Auxiliary and 3 Analog Cables .............iiiiiiiiiiiiiiieeeeeeeeen 234
Cable Bag with 6 Analog Cables...........coooiiiiiiiiiiiieeee e 236
Transducers and Transducer CabIes............oivvviiiiiiiiiiiiiii e 237
TR3170 Gold Rotary TransSduCEr Kit............uuuiiiiiiiiiiiiiiiiiiaens e 237
TR3171 AHMA 4/8 TranSAUCEr/ATAPLET ........ueiiiiiiiieaeee et 237
TR3186 ABB HMB 4/8 Rotary TranSAUCET ..........coeevvveeiiiiiiiiiiiiiinnnsenseeeaaeeaeaaeees 238
TR3189 ABB HMB 4/8/11 Rotary TranSAUCET ...........uuieeeeeieiiiiiiee e eeeeeiiie e e e eeeaennnnn 239
TR3190 Digital Rotary and Linear TranSAUCET .............uuuuuuimiiiiiiieaaeeeee e 240
TranSAUCET CaAbIES ... ...t a e e e e e e e 240
AdapPLers and ClIPS ..ooiie i a e et a e ————_ 241
Crocodile Clip and Plug Adapter Kit and Individual Components ............cccccccu...... 241
Mechanical Adapter Kit .........oooiiiiiiiiiiiiiiii e eeaeaaanae 241
MISCEIIANEOUS ITEIMS ... ettt e e e e e e e e e e eee e 242

10 72A-3236-01  Rev.B  07/2013 (/IO
i ¥



Contents

E. TDR9100 Circuit Breaker Test System Specifications ................c....... 243
General SPECITICALIONS ........coouuiiiii e e e e e e e e 243
Physical SPECITICALIONS........coiiiiiiiiiiiiiiiie e s 244
Main Contact and Resistor Contact TIMING..........ueeeeiiiiaiaaiiiiiiiie e 244
Trip/Close INitiation CONIIOL...........oiviiiiieiiiiiiii e e e e e e e e e e e e e e e e e e e eeeeeeeeeeereannne 245
(YT 10T g I @4 g F= o1 1= K 245

Event Channels

(M 72A-3236-01  Rev.B  07/2013 11
e



TDR9100™ and T-Doble 3.3 Circuit Breaker Test System User Guide

12 72A-3236-01  Rev.B  07/2013 (/IO
et ¥



Preface

The TDR9100 Circuit Breaker Test System User Guide introduces the
TDR9100, describes how to perform tests, and explains how to
interpret test results. It also provides troubleshooting and maintenance
procedures, conceptual information, and other supporting
documentation.

Who Should Read This Guide

This guide is intended for anyone who works with the TDR9100™
Circuit Breaker Test System. It is assumed that the reader is familiar
with professional standards and safety practices.

Document Conventions

Typefaces

This document uses two special typefaces to indicate particular kinds
of information:

* Bold—Used for software controls and user-entered text, such as
buttons, checkboxes, or other items that you click or select.
Example:

Click Close.
Also, any text you must type in is shown in this typeface:
Example: Type in 1500 ms.

* Monospace—Used for text that T-Doble displays in the user
interface, such as an error message or prompt. Example:

Uploading test results.

ARy 72A-3236-01 Rev.B  07/2013 13
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Notes and Warnings

This document uses icons to draw your attention to information of
special importance, as follows.

NOTE! Notes provide supplemental information that may apply to only
some circumstances.

CAUTION! Cautions provide information that prevents damage to
hardware or data.

WARNING! Warnings tell you how to prevent injury or death to anyone
near the test set or high-voltage equipment.

14 72A-3236-01 Rev.B  07/2013 a0y
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1. What’s New: Ganging of Instruments

This section explains the new ganging option for the TDR9100. It
contains the following sections:
* “Introduction” on page 15
“When to Use Ganging” on page 16
“Two Styles of Hardware Setup” on page 16
“Ganging Setup in Software” on page 19
“Channel Mapping for Ganged Instruments” on page 20

Introduction

w NOTE: Ganging is available for the TDR9100 only.

=l B N B
s ¥ e
o AINTIRHE e

ee  INTIEHE e

Figure 1 Three Ganged TDR9100 Instruments

Two or three TDR9100 instruments can now be ganged together to
double or triple the usable Main Contact channels from 12 to 24

(8 breaks per phase) or 36 (12 breaks per phase). Ganging is
especially useful when you are testing a complicated breaker over
multiple contacts and inputs.

Table 1 lists the increased numbers of channels available when two or
three TDR9100 instruments are ganged.

TN 72A-3236-01 Rev.B  07/2013 15
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Table 1 Channels Available in Single or Ganged Units

Channel or Contact 1 Unit 2 %?]?tgsed S%ir:?:d
Motion 3 6 9
Event 6 11~ 16*
Main Contact 12 24 36

* Event-12 (E6 in ganged unit 2) and Event-18 (E6 in ganged unit 3)
are unavailable because of system constraints in the ganged
configuration.

When to Use Ganging

Ganging is most useful for testing these types of configuration:

* EHV breakers with more than 4 breaks per phase
» Configurations requiring more than 6 event channels
» Configurations requiring more than 3 motion channels

Ganging can also be used to extend the physical reach of the test
system by the length of the ganging cable.

Test Modes and Ganging

Ganged TDR9100 configurations can be used with test plans that
include EHV-style main contact testing, as well as test plans that do not
include any main contact channels. Ganged operation with OCB or
GCB-style main contact test plans is not supported in T-Doble v 3.3.

Two Styles of Hardware Setup

Ganged TDR9100 instruments can be set up in two styles:

* One phase per unit
» All phases per unit

16 72A-3236-01  Rev.B  07/2013 (/IO
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1. What's New: Ganging of Instruments

One Phase Per Unit

This option is available for three ganged units only. It may be more
convenient to assign one TDR9100 to Phase A (pole 1), one to

Phase B (pole 2), and one to Phase C (pole 3), of an EHV breaker with
many breaks per phase.

Figure 2 shows an EHV breaker with 6 breaks per phase. Three
ganged TDR9100 instruments are set up in One Phase Per Unit style.

PC Running Phase A/ Pole 1 Phase B/ Pole 2 Phase C/ Pole 3
T-Doble 3.3
< A <]
1 1 1
ﬁ 4 < 4

Unit 1 \
&~ mour 4
o °%
TDRO10W

<]
3
o>,

w

<] < 4

Figure 2 Example: Three TDR9100s Ganged in One Phase Per Unit

- 72A-3236-01
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All Phases Per Unit

“All Phases Per Unit” is the default setting for all configurations,
including single unit. Each instrument connects to Phase A (Pole 1),
Phase B (Pole 2), and Phase 3 (Pole 3).

Phase A/ Pole 1 Phase B/ Pole 2 Phase C/ Pole 3
PC Running
T-Doble 3.3
> <] o

120Q0QC

, © 0O
IOOQ 1prsi00 '.4

Figure 3 Sample All Phases Per Unit Setup with Two Ganged Units

18 72A-3236-01  Rev.B  07/2013 (/IO
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1. What's New: Ganging of Instruments

Ganging Setup in Software

To set up ganging in T-Doble 3.3, make the settings in this order:
1. Open the Breaker tab and the Start Here subtab (Figure 5).

/F@/Breaker ]/Tesl Plan }/Resu\ts Plots (3 Instrument ]/Repons ]/Preferences ar

oTIeCL
Parameters
for Quick
Setun

Start Here | Nameplate | Basic Limits | Motion Limits|

[ EditPlan | [ NewPlan | [ Close | [ save || [ Run Test

Quick Setup
Breaker Details
Recloser
W (Westinghouse Electric) Find Breaker...
ESC

1 e — Enable multiple (ganged) TDR 9100 instruments
3 ——P» Breaker Test Style
Gang Count - -—2
QCB (Qverall Circuit Breake
@ EHV (Extra High Voltage)
One phase per unit

GCB (Generator Circuit Brea -——— 4
All phases per unit

Has resistors

5 P Breaks per Phase -
Analog Channels 0 =
Auxiliary Channels 0 -
Motion Channels 0 5

@ Linear Transducer
Rotary Transducer

Figure 4 Start Here Subtab of Breaker Tab

2. Select Enable multiple ganged TDR9100 instruments (Iltem 1 in
Figure 4).

NOTE: Ganging is available for the TDR9100 only. Never use the
ganging options in T-Doble 3.3 for a TDR900 or TDR9000.

3. Select a Gang Count of 3 or leave the default of 2 (Item 2 in
Figure 4).

4. Select a Breaker Test Style of EHV if applicable (Item 3 in Figure 4).
(OCB and GCB styles are not supported in ganged mode.

(M 72A-3236-01  Rev.B  07/2013 19
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5. EHV only: configure the EHV channels for ganging (Item 4 in
Figure 4). To gang:
» 2instruments—All phases per unit is selected by default. You
cannot change it.
* 3instruments—Select one:

* One phase per unit—For more information, see “One
Phase Per Unit” on page 17.

* All phases per unit—For more information, see “All Phases
Per Unit” on page 18.

» Select a number of Breaks Per Phase (Item 5 in Figure 4).
Make all remaining selections on the tab.
Press Apply.

Channel Mapping for Ganged Instruments

After ganging is established on the Start Here subtab of the Breaker
tab, T-Doble 3.3 displays channel assignments on the Main Contact
Channels tab, Motion Channels tab, and Aux, Analog tabs.

Main Contact Channel Mapping and Hardware Setup

Figure 5 and Figure 6 show you the T-Doble user interface channel
mapping and the corresponding hardware setup.

Figure 5 shows channel mapping for this test configuration:

* Two ganged units
» Six breaks per phase
* All Phases Per Unit mode
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Main Contact Channel Setup

Connector

QBEE?::EL'_) (at TDR) % Enable Label Phase

EAV-AL v] Unti-AlZ |w Phase A [v|
EHV-A2

EHV-A3 [v] unti-aza [+v] PhaseA  [v]
EHV-A4

EHV-AS [v] untz-a12 [+ PhaseA  [v]
EHV-AG

EHV-B1 [v] unti-B1/2 [+ PhaseB  [v]|[X]
EHV-B2

EHV-B3 [v] unti-B34 [+ PhaseB  [v]|[X]
EHV-B4

EHV-BS [v] untz-B1/2 [¥] PhaseB  [v]|[X]
EHV-B6

EHV-C1 [*] unti-ci2 [+ PhaseC  [¥]
EHV-C2

EHV-C3 [v] unti-cya [+ PhaseC  [¥]
EHV-C4

EHV-CS5 [v] untz-c12 [+ PhaseC  [¥]
EHV-C6

Figure 5 T-Doble Mapping for Ganged Main Contact Channels

Please note that the column titles circled in Figure 5 have the following

meaning:

* Channel (at breaker)—Physical location on breaker
» Connector (at TDR)—Connector on front panel of TDR9100
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Figure 6 shows the associated hardware setup.

Phase A/ Pole 1 Phase B/ Pole 2

PC Running
T-Doble 3.3

Phase C/ Pole 3

Figure 6 Ganged Hardware Setup Six Breaks Per Phase
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1. What's New: Ganging of Instruments

Motion Channel Mapping

Figure 7 shows an example of Motion channel mapping for two ganged
TDR9100 instruments.

Main Contact Channeng/Motion Channels [ Aux, Anajod

Motion Channel Setup

Channel C([;Tﬁfgir Enable T:Egr =
2 .

Motion-1 {w | Unit1:M-1 ||

Motion-2 |v| Unit1:M-2 |v|

Motion-3 |v| Unit1:M-3 |v|

Motion-4 |v| Unit2M-1 |v|

Motion-5 |v | Unit2:M-2 ||

Motion-6 | v | Unit2:M-3 |~

Figure 7 Sample Motion Channel Mapping for Two Ganged
TDR9100 Units
Aux, Analog Channel Mapping

Figure 8 shows an example of Auxiliary and Analog mapping for two
ganged TDR9100 instruments.

Auxiliary Contact Channels
@! Channel C([;Tﬁfgir Enable Label
Event-1  [w| Unit iE-1 [¥]
Event-2 Y| UnitL:E-2 |¥|
Event-3 Y| UnitL:E-3 |¥|
Event-4 Y| Unit :E-4 |¥|
Event-7 Y| Unit2:E1 |¥|
Event-8 Y| Unit2:E2 |¥|
Analog Channels
Channel C([;Tﬁfgir Enable Label Phase
=) - . .
Event-5 | Unit 1:E-5 ™| Unassigned ™|
Event-6 z Unit 1:E-6 z Unassigned z
Event-9 z Unit 2:E-3 z Unassigned z
Event-10 z Unit 2:E-4 z Unassigned z
Event-11 z Unit 2:E-5 z Unassigned z

Figure 8 Sample Auxiliary and Analog Channel Mapping for Two
Ganged TDR9100 Units

(M 72A-3236-01  Rev.B  07/2013 23
e



TDR9100™ and T-Doble 3.3 Circuit Breaker Test System User Guide

24 72A-3236-01  Rev.B  07/2013 (/I
et ¥



2.

Introduction to the TDR9100

Introduction

This chapter describes the TDR9100 hardware and optional
accessories. It contains the following sections:

The TDR9100 Circuit Breaker Test System is a state-of-the-art
instrument designed to test all types of circuit breakers. It performs

“Introduction” on page 25

“Standard Components and Accessories” on page 26
“Front Panel Characteristics” on page 27
“Measurement Channels” on page 28

“Command Functions” on page 35

“Communications Options” on page 38

“Supported Tests” on page 38

“T-Doble Software” on page 39

timing functions for up to four breaks per phase with motion

measurements using a single, field-portable instrument. By providing

configurable test parameters, the T-Doble software program makes it
easy to perform multiple tests under varying test conditions in the field.

doble
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100 =®

s TORD

Figure 9 TDR9100 Circuit Breaker Test System

Standard Components and Accessories

For a complete list of standard components, accessories, and part
numbers, refer to Appendix D, “Parts.”
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2. Introduction to the TDR9100

Front Panel Characteristics

|
o

e
E1 E2 E3 E4 ES
TOOO.0 O . <
" @@ Q @ 0 € o
17 omon_ @ -
16 lﬁ E _\ __ o 5
\ A/OCB UNIT = 6
CONTACT GANG IN GANG OUT e
‘0@ |gizl "
5 c ® ® 7
CONTACT
9 @ @ ol
EHV3 &4 ® o ® o o
E’!A’GD."?L%O 477 9
SAFETY TRIP/ CLOSE ~ Jiszsousc 10
es  amm TDR9700
00 (g 0D
k ‘ E’sn SLOBLO h A j
13 12 1
Figure 1.1 TDR9100 Front Panel
Table 2 describes the connections and controls present on the
TDR9100 Front Panel. For technical detail, see Appendix E, “TDR9100
Circuit Breaker Test System Specifications.”
Table 2 TDR9100 Front Panel Connections and Switches
Item Description
Shrouded 4 mm banana jack connectors. Programmable for:
1  Auxiliary contact timing measurement
» General-purpose analog voltage measurement
72A-3236-01 Rev.B  07/2013 27
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Table 2 TDR9100 Front Panel Connections and Switches

Iltem Description

2 DC power sources valid operation LED

3 LED indicating that a test is in progress

4 Speaker

5 Ethernet port

6 USB port

- Ganging connectors and indicators (not supported T-Doble
versions earlier than 3.3)

8 Main power indicator light

9 » |EC standard power cord connector, 3-pronged male
» AC fuses

10 Power ON/OFF switch

11 System safety ground twist-lock connector for the ground
cable

12 Trip/Close control connector, 4-pin male

13 Trip and Close fuses

14 Safety switch cable or Safety Bypass Flag connector, 4-pin
female

15 EHV main contact test cable connectors, circular 12-pin male

16 OCB cable connector (upper left main contact connector only)

17 Motion transducer cable connectors, 15-pin female

Measurement Channels

The TDR9100 provides three types of measurement channels:

OCB (EHV and OCB test styles
EHV (digital)
Motion (dual-function)

28
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2. Introduction to the TDR9100

Event Channels (Analog and Auxiliary)

NoOTE

There are two types of event channel functions:

* Analog
* Auxiliary contact

Each of the six event channels on the TDR9100 has dual functions and
can be programmed to act as either an analog channel or an auxiliary
contact channel.

A combination of these channels is used to monitor the characteristics
of the circuit breaker mechanism and control circuit. It is sometimes
beneficial to monitor aux contacts, coil currents, phase currents, or
battery voltage. Analog and Auxiliary channels may also be used for
triggering or timing reference. (For more information, see Chapter 7,
“Triggering and Timing Setup.”)

f

Figure 10 Programmable Connectors

Analog Channels

The general-purpose analog inputs can be configured individually in
T-Doble 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 TDR9100 sample
rate. These channels are rated at + 300 V peak.

For applications using a current probe, you must zero the probe. See
“Doble Probe” on page 164.

- 72A-3236-01
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Motion Channels

Auxiliary Contact Channels

The auxiliary contact channels monitor the state of auxiliary contacts,
ascertaining whether a contact is:

* Closed

* Open Dry: No voltage detected on the open contact

» Open Wet: Voltage detected on the open contact, based on a
minimum station battery of 48 V

The TDR9100 has an automatic wetting circuit that wets (applies a test
voltage to) a dry open contact, which allows the open/closed state of
the circuit to be determined.

Setting the Event Parameters

The analog and auxiliary channels are set on the Aux, Analog tab of
the Test Plan page (see page 108 for configuration).

Main Contact Channels}/Molion Channel§)’:t\ux= Ana\og]/Test Selup}/Triggering, ﬁming}/First Trip }/Notes 1

Auxiliary Contact Channels Tests for TDRI000 and TDRI00 must use legacy naming (Analog-n. Awx-n).
Tests for a TDR9100 using more than 3 analog or aux channels must use
new channel naming (Event-n)

Channel Enable Label

-

Aux-1 [~] E Enable multiple (ganged)
Aux-2 [w] TDR9100 instruments
Aux-3 Ad

Analog Channels

Analog Scaling

Channel Enable Label Phase Type Range Low Reference High Reference
Sensor Value Sensor Value Units
Analog1 v| [# Phase A |v|  Voltage [w[300v[+] 0.0V 0.00 300.0 v 1.00
Analog-2 || Phase A |w|  Voltage [w|300v[*| ooV 0.00 3000V 1.00
Analog-3 | Phase A | ¥ Voltage v [ 300V|¥ 0.0v 0.00 300.0V 1.00
Virtual Channels
Enable Label Function Channel A Channel B Units
E (select function) lz‘ Analog-1 El Analog-2 lz‘

Figure 11 Analog and Auxiliary Settings on the Aux, Analog Tab

The motion channels record the travel and velocity of the circuit
breaker contacts through a digital rotary or linear transducer attached
to the circuit breaker mechanism.

30
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2. Introduction to the TDR9100

m1 m2 M3
MOTION ‘
A4 &7 T

- i e

Figure 12 Motion Connectors

Setting the Motion Parameters
Motion parameters are set in two locations:

» Motion Channels tab of the Test Plan page (see Figure 13). See
page 102 for configuration.

* Motion Limits tab of the Breaker page (see Figure 14). See
page 77 for configuration.

Motion Channel Setup

) N . Transducer Scali
fannel bl Motion Velocity ha Transducer - e Moti # 5 r —
. Channe Enable Label Label Phase Motion Limits Units Valueat - Valueat
EL! Transducer © Contacts

. Motion-3

Phase C | = Linear ¥ x w |it  Linear . 1000.0 mm 1000.0 mm X

F.igure 13 Motion SettinEs on the Motion Channels Tab

O Motion-3

(M 72A-3236-01  Rev.B  07/2013 31
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Travel Limits o

Overtravel :
. Close

Label

Expected

 Limits Set #1
. (Linear)

Tolerance

| Limits Set #2 i
i z Linear :
(Linear) EI Tolerance —
Average Velocity Limits =
T \reloaty
Action Zone ¥ f ¥ :
Zone Type From i Minimum  :  Maximum
1 Open; Time : :
Open .
Limits Set #1 2
(Linear) 1
Close b, :
2
1 Open; Time .300 m/s 5.300 m/s
Limits Set #2 2 Dis
(Linear) 1 Time; Close
Close —
2 Distance; Distance | ¥ Ll

Figure 14 Motion Settings on the Motion Limits Tab

OCB Channels

The OCB channels measure main contact and resistor contact timing
for circuit breakers that allow access to only a single measurable break
per phase. Trip and Close resistor value ranges are configurable and
this configuration applies to all three contacts of the OCB connector.
Contact status information is recorded and plotted. The OCB connector
has three OCB channels.

AlOCB
MAIN
CONTACT
-3 -
EHV1&2 4—

Figure 15 OCB Connector

OCB-style testing is usually performed on three types of breakers:

 Dead tank breakers
» Live tank breakers, one break per phase
* Live tank breakers, overall
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Setting the OCB Parameters

OCB parameters are set in two locations:

* Main Contact Channels tab of the Test Plan page (Figure 16).
See page 56 for configuration.

» Basic Limits tab of the Breaker page (Figure 17). See page 101
for configuration.

/:E]/Bfeake%esl Plan ]/Results ]/F‘E]/ Instrument ]/Reports %referencesf Help

gg::{"ﬂ%‘?,_mai", I Edit Plan J I New Plan I I Close J I Save IE I Run Test J

Main Contact Channels]/MoLion Channels]/Aux, Analongest Setup rTriggenng, TJming‘r/ijt Trip [ Motes

uick Setu
Q E Main Contact Channel Setup
@ ocB
Channel Enable Label Phase
2 EHV =
0OCB-A Phase A
Sicle:]
OCB-B Phase B
Breaks per Phase
OCB-C Phase C

il

Enable Al Disable All

Figure 16 OCB Parameters on the Main Contact Channels Tab

/:@/Breaker ]/Fest Plan ]/Resuhs W Instrument ]/Reporm ]/Preferences ” Help

Review or -
Ezﬁ;iﬁ;ﬂ% I Edit Plan J I New Plan I l Close I I Save Jm l Run Test I
Timing Limits

Start Here ]/Nameplate Basic LimitsYMouon J_imn.s]

Breaker Timing Limits

Timing Synchronization

[] Hasresistors
wam In Brezker

Main Contacts

Capacitance Limits

Capacitance Limits

Figure 17 OCB Parameters on the Basic Limits Tab

EHV Channels

The EHV option measures the main contact and resistor contact timing
for circuit breakers with one to four measurable breaks per phase.
T-Doble records and plots each EHV channel that is enabled.
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Each EHV connector has two EHV channels.

AlOCB

Cﬂm'
| ERsie) =

EHV1&2

B c
A B c T
.- .- .- i

MAIN
CONTACT

| e,

EHV3I &4

Figure 18 EHV Connectors

EHV-style testing is usually performed on two types of breakers:

» Dead tank breakers, ganged or independent-pole type
» Live tank breakers with up to four breaks per phase

Setting the EHV Parameters

EHV parameters are set in two locations:
* Main Contact Channels tab of the Test Plan page (Figure 19).
See page 56 for configuration.

» Basic Limits tab of the Breaker page (Figure 20). See page 101
for configuration.

Main Contact Channels}/Molion Channels]/Aux, Analog ]/Test Selup}/Triggering, ﬁming}/First Trip }/Notes 1
Quick Setup Main Contact Channel Setup
0CB
EHV Channel Enable Label Phase
GCB :
EHV-AL - d Phase A |Z|
Breaks per Phase B =
4 - EHV-A3 - Phase A [v][x]
EHV-A4
EHV-B1 v v PhaseB  [v][x]
EHV-B2 7
EHV-B3 - PhaseB  [v][x]
EHV-B4
Enable multiple (ganged L
TDR9100 ms’;'un(ﬂintg : E::zl - : Phasec ][]
Gang Count - EHV-C3 v PhaseC  [v][x]
EHV-C4
One phase per unit
All phases per unit Enable All Disable All

Figure 19 EHV Settings on the Main Contact Channels Tab
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/F@/Breaker }Krest Flan }/Results m}/ Instrument }/REPOH.S %references I’ Help
Review or Define —
Basic Performance | Edit Plan | | New Plan | | Close | | Save | L | Run Test
Timing Limits
Start Here T’Nameplate Basic Limits T’Motlon leltﬁ]
Breaker Timing Limits
Timing Synchronization
| Hasresistors
Minimum Masimum In Breaker In Phase Tn Module
Open 10.0 ms 22.0ms 2.8 ms 2.8 ms 2.8 ms
Main Contacts Close 45.0 ms 55.0 ms 4.2 ms 4.2 ms 4.2 ms
Raclose = = = = =
TripFr = =
Reclose Op. = =
Resistor Timing Limits
Timing Synchronization
Minimum Maximum In Breaker In Phase In Module
Relative to Test o - - - - -
Initiation Close = = = = =
Open 0.0 ms 12.0 ms 2.8 ms 2.8 ms 2.8 ms
Relative to Main
Close 0.0 ms 12.0 ms 4.2 ms 4.2 ms 4.2 ms
Resistor Debounce 200 ps |Z|
Resistance Limits
Minimum Maxamum
Open Resistance 190,002 | 210,002
Close Resistance 18000 ¢ 21000
Capacitance Limits
Minimum Maximum
Capacitance Limits 2700.0 pF 3300.0 pF

Figure 20 EHV Settings (“Has Resistors”) on Basic Limits Tab

Command Functions

The TDR9100 provides the following command functions:

» Test instrument initiation—Safety Switch or Safety Bypass Flag.

» Circuit breaker Trip and Close control—The TDR9100 includes
internal trip and close control switches (solid state relays) that
may be used to complete the circuit breakers trip and close
circuits, thereby initiating the applicable circuit breaker
operation. Each of these internal control switch circuits includes
a function to measure the current flowing through the circuit
breaker controls (that is, through the internal trip/close leads)
during the test.
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Trip/Close Ranges

Trip Current 204
SAFETY TRIP/ CLOSE e e
[y \
e @ F 8889883 22 @®
TRIP  CLOSE 3 a |:| i Ha
= 3500 = N N B 'l b B-
'_'.;;:Q ®-® ®®
\ =@- ‘ ®- e e
NN o I
@ @
22 | AT TDRITO0 0@
- J

Figure 21 Command Functions and Trip/Close Parameters

Safety Switch Cable Connector

This connector enables you to:

Attach a 25 ft (7.6 m) cable containing a switch so you can run
the tests from a safe distance.

or

Plug the Safety Bypass Flag into this connector and initiate the
tests from the controller PC, without using the Safety Switch.

Trip/Close Command Function

The Trip/Close command function operates the circuit breaker under
test through the action of solid-state relays that trip or close the circuit
breaker. Because the function is polarity-insensitive, the user need not
know lead polarity.

Trip/Close command functions enable the TDR9100 to control these

tests:

Trip (O)

Close (C)

TripFree (CO)

C-0

Reclosing (O-C and 0-0.3 s-C)
0-0.3s-CO

0-CO and O-C-O

The Trip/Close command function normally connects across the circuit
breaker manual Trip or Close switch, as shown in Figure 22.
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2. Introduction to the TDR9100

BD

K9

Trip coil circuit SF, circuit breaker

+

S1 TDR Internal Trip
Control Switch
/j TDR Internal Current
Ko Measurement Device

BD signal contact density switch
52a auxiliary switch

K9 interlocking relay trip

S1 trip switch

S4 selector switch

Y1 trip coil

TRIF’Teads connected

Triggers

Figure 22 Trip/Close Command Application

Trip/Close Current

The Trip/Close command function includes an internal current
measurement for the Trip and Close circuits. To measure the Trip and
Close circuit current, the Trip/Close test:

Passes the Trip and Close currents through current meters

Displays the result as a current waveform and as a peak current
value

The TDR9100 can use internal or external triggers to initiate tests.

Setting the Trigger Parameters

The Trigger parameters are set in the Triggering, Timing tab of the Test
Plan page. (For more information, see Chapter 7, “Triggering and
Timing Setup.”)
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Communications Options

The TDR9100 provides the following communications options:

» Ethernet port
« USB port
788808880 :: @ &
C L ——
‘_::‘Q' 0' 0' LN L i .
000 ®© =
. |
L e AEDTDRINO 00

TDR Instruments

/FE]/ Breaker ]/Tesl Plan ]/Results ]/F@/‘/Inslrument }/Repnns %referencesf Help

Search and Select Test Instruments

Model

Available Instruments

TDR 9100

Address
192.168.0.1

Status

Version
Connection verified Version 2.1.0:267

[] Search for serial port-connected instruments
Search for network-connected instruments

"] Reset network before starting next search (this will close all existing network connections)

l Search for Instruments I

Verify Connection

Figure 23 Ethernet and USB Ports and the Instrument Page

Supported Tests

Table 3 lists the nine circuit breaker tests that the TDR9100 performs
and gives a state description of the sequencing that comprises the test.
When a test is run, the TDR9100 stores and plots the data. The data
can be printed to the optional printer in the field or to an office printer.

38
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2. Introduction to the TDR9100

All tests can be initiated by either an internal or external trigger.

Table 3 Circuit Breaker Test Types

Test Initial State Intermediate Final State
State 1 State 2

Trip Closed — — Open
Close Open — — Closed
TripFree (CO) | Open Closed — Open
(Réz_(élgsing Closed Open — Closed
C-O Open Closed — Open
O-CO Closed Open Closed Open
0O-C-O Closed Open Closed Open
First Trip Closed — — Open
Record Only — — — —

For detailed information about setting up and running tests, including
First Trip tests, and interpreting results, please see:
» Chapter 6, “Setting Up Tests”
* Chapter 7, “Triggering and Timing Setup”
e Chapter 8, “Running a Test”
» Chapter 9, “Displaying and Interpreting Test Results”

T-Doble Software

T-Doble enables you to create or modify library test plans, analyze test
data, and store circuit breaker test data. The test plan is the key to
simplifying circuit breaker testing. By creating a library test plan, you
eliminate the time-consuming work of entering repetitive circuit breaker
ID information and test parameters. Once this data has been entered, it
is saved for reuse later.

Instructions for using T-Doble appear throughout this manual.
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Functions

When installed on any controller PC, T-Doble can perform the following
functions:

* Create individual library test plans. Each library test plan adds
to the database of test results available for analysis. Completed
individual tests contain not only the test results gathered, but
also a record of the library test plan used.

» Display the results of an individual test graphically and tailor the
presentation of results to highlight behaviors of interest.

* Automatically update test results when editable fields, such as
limit values, are changed. T-Doble compares test results against
circuit breaker specifications and presents a Pass or Warning
determination for each measurement for which a comparative
value is set in the test plan.

» Overlay the results from different tests for comparison.

Column Width and Readability

Sometimes the default width of a column is not large enough to
accommodate the text it displays (Figure 24)

Main Contact Channel Setup

Channel Connector
(at breaker) (at TDR)

CunitT -

Enable

EHV-A1 A1/ i

EHV-A2 i
TR 111

ErE EI a3/4 EI "

EHV-A4 7
TR 111

Endl E‘ R1/2 B !

i} ELN. DD

Figure 24 Column Too Narrow, Text Obscured
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To make the text visible:

1. Grab the column title boundary with the mouse (Figure 25).

2. Adjust the column width to display all text (Figure 26).

Main Contact Channel Setup

Channel Connect

(at breaker) (at TDRY 4 )Enable
avar o] UL
EHV-A2
s (o] U]
EHV-A4

Figure 25 Grab Column Title Boundary

[

Main Contact Channel Setup

Channel Connector End
(at breaker) (at TDR)
EHV-A1 [v] ‘unti-a12 [ E
EHV-A2 I
EHV-A3 [v] unti-a34  [x] q
EHV-A4

Figure 26 Adjusted Column Width
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3. Safety Considerations

This chapter reviews safety practices for the TDR9100. It contains the
following sections:

* “Grounding the TDR9100” on page 43

» “Instrument Precautions” on page 44

* “Testing in the Field” on page 44

» “Safely Testing with the TDR9100” on page 45

Grounding the TDR9100

General requirements:

» Always first be certain that the apparatus under test is solidly
grounded along with the TDR9100 and any other external
equipment in use.

» Always connect the supplied Safety Ground cable to the
TDR9100 when using the system in the field.

» Never cut or remove the grounding prong from the power cord.

* When the TDR9100 is permanently housed in a vehicle, ground
the vehicle chassis and bind the TDR9100 ground to it.

When dealing with capacitors:

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

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

Do not rely on internal resistors for discharging individual capacitor
cells; consider suspect the resistors in failed capacitor cells. For
additional protection, Doble recommends applying a shorting wand
to the terminals of individual cells before personnel come in contact
with them.
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Instrument Precautions

Testing in the Field

Do not drop or throw the TDR9100 or transducers.

Do not use the TDR9100 or transducers as a step or platform.
Do not store the TDR9100 or transducers in temperatures lower
than —13 °F (—25 °C) or greater than 158 °F (70 °C).

Do not operate the TDR9100 or transducers in temperatures
lower than 32 °F (0 °C) or greater than 122 °F (50 °C).

Do not store the TDR9100 or transducers in excessively humid
environments.

Do not expose the TDR9100 or transducers to rain, snow, sand,
or dust.

Always transport the TDR9100 or transducers with their
protective covers in place.

When performing field tests:

Perform all tests, except First Trip and Record Only, with the
apparatus under test removed from service and made safe for
testing. Record Only can be performed with a breaker in or out
of service.

First Trip testing is done with an energized breaker. For
specialized First Trip safety procedures, see “Safety
Considerations for First Trip Tests” on page 137.

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, such as OSHA regulations,
may also apply. Company rules and government regulations
take precedence over Doble recommendations.

WARNING! Once a test is loaded, never attempt to disconnect the cables
from either the test specimen or from the TDR9100 until the test is
completed or cancelled.

Do not handle main contact test cable test connections while a test is
running. Up to 60 V DC can be present. During capacitance tests, up to
100 V AC can be present.
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3. Safety Considerations

Safely Testing with the TDR9100

To ensure a safe testing environment:

Use the correct voltage to power the TDR9100 in order to avoid
an electrical short circuit, overheating, and shocks. If in doubt,
check the electrical rating label attached to each unit.

Turn power OFF and disconnect from line power before
reaching into the TDR9100.

Never insert metal objects, such as screwdrivers or paper clips,
inside the TDR9100 while power is ON.

Unplug the TDR9100 if it is not to be used for an extended
period of time, or before cleaning.

If the TDR9100 is dropped, have it checked by a qualified
service technician before placing it back in service. Dropping
the TDR9100 can disturb the insulation system.
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4. Test Plan Setup

This chapter explains how to perform preliminary setup for a new or
edited test plan, and add breaker data into the plan. It contains the
following sections:
* “Preliminary Setup” on page 47
“Start Here Tab” on page 54
“Nameplate Tab” on page 55
“Basic Limits Tab” on page 56
“Motion Limits Tab” on page 77

Preliminary Setup

Preliminary setup involves these steps:

» “Selecting a Test Plan Option” on page 47
» “Selecting the TDR9100” on page 49

o “Setting System Preferences” on page 50
* “Opening Files” on page 53

Selecting a Test Plan Option

You can create a test plan from an existing plan or create an entirely
new plan:

1. Double-click the T-Doble icon, or run T-Doble from your Start menu.
The T-Doble window language selection window appears.
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2. Select a language.

T-Doble

Select Language
Seleccionar Idioma/Lenguaje
Escolhe Idioma
Choaisir la langue
RS

Don't Show This Diskog Again

To Restore the Di
Para restaurar el
Para restabelecer o didlogo.

Pour restaurer ke dizlogue, al
EEF FALMIETED, &

[ NEo mostrem mais este didkogo

Ne plus afficher ce d
T BT T

vaya ol Manu ds apciones
vai 20 menu Opbes
lez 3 Prférences

T 5 53R

[ English (en-US) ]

[ Espaiiol (esES) | -
ncel

I Portugués (pt-BR) l fﬁ"ﬁﬁ’

" BGH
I Frangais (fr-FR) I
I & ZF(zh-CHS) |
Ne mestrar este dialogo otra vez
to Preferences

The Doble splash screen appears.

Figure 27 Language Window

Figure 28 Doble Splash Screen

3. Make one of the following selections:

Create a New Test Plan

Open an Existing Test Plan or Result
Reopen a Recent File

The T-Doble window displays tabs that provide access to the following

pages:

Files—Provides access to saved test plans and results
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4. Test Plan Setup

» Breaker—Provides identifying data for most commercially
available breakers, and enables you to enter test limits

» Test Plan—Enables you to configure a test plan
* Results—Displays result data
» Plots—Displays result graphs

» Instrument—Lists all connected instruments and enables you to
select the TDR9100 of interest

» Reports—Enables you to choose the appearance and contents
of the reports you wish to generate

» Preferences—Provides options for display, plotting, file saving,
and window behavior

* Help—Provides T-Doble product identification

ﬁle?}/Breaker I/Test Plan Vﬂeeulle l/FJ!m'S Wlnsirumenl ]/Reports I/Preferenl:est Help

Figure 29 Tabs Providing Access to T-Doble Main Pages

Selecting the TDR9100

The Instrument page enables you identify and to select a TDR9100
that is currently connected to the computer.

To select the correct instrument:
1. Click the Instrument tab.

All available instruments are displayed. If no instruments are
shown, click Search for Instruments to update the list of available
instruments.

- 72A-3236-01
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Search and Select Test Instruments

/FE]/ Breaker }/I'eﬁt Plan ]/Results W Instrument }/Repoﬁs }/Preferencesk Help

[ Search for serial port-connected instruments

Search for network-connected instruments

I Search for Instruments ]

/ TDR Instruments
Available Instruments
Model Address Status Version
TDR 9100 192.168.0.1 Version 2.0.1:687540d8...
» P .,

[] Reset network before starting next search (this will close all existing network connections)

Verify Connection I

Figure 30 Instrument Tab Listing Connected Instruments

2. Select an instrument from the list and click Verify Connection.

When the connection is verified, a confirmation message appears.

Setting System Preferences

The Preferences page enables you to select the T-Doble behavior you

The Display Units tab sets units of measurement and power system

prefer.
Display Units Tab
defaults:
« Time
* Length
* Velocity
* Angular Velocity
* Rotation

» System Reference Frequency
* Phase Naming
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4. Test Plan Setup

s |’ Breaker ]/Tesl Plan }/Results Plots 'Y Instrument ]/Repons )/Preferencesw “r

Select User Defined Interface and Application Preferences

Display Units | Plotting | Files | General |

Units of Measure

Time ‘milliseconds (ms) '|

Length ‘millimeter (mm) '|

Velocity ‘meter per second (m/s) '|
Angular Velocity ‘degree per second (°/s) v|
Rotation ‘degree ©) v|

Power System Defaults
System Reference Frequency 60 Hz -

Phase Naming A B C

Virtual channels display precision (decimal re
places) B2

Figure 31 Display Units Subtab of Preferences Tab

Plotting Tab

The Plotting tab provides such settings as line thicknesses, axis
characteristics, colors, and so on. “Setting Plotting Preferences” on
page 190 for more information.

Files Tab

The Files tab provides settings related to saving and importing files.
See “Saving Test Results” on page 202 for a discussion of how to save
data.

doble
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Display Units| Plotting} Files | General |

v Automatically save file after every test
Save in folder: C:\Users\nallison.BLUEOVAL.000\Documents\l | ...

Legacy File Importing
7| Accept default channel assignments
v| Warn me if there are incompatibilities in the file*
¥ Too many channels for the current instrument
7| Obsolete test parameters
Obsolete timing events

* Warnings are always saved to the import log

Import Logging
Import log folder: C:\Users\nallison.BLUEOVAL.000\Documents\C

Purge after [ 10 5| Days

Doble Database Preferences
URL hitp://webdta.doble.com/DtaWeb/DtaWeb.asmx
Au(nelmce:tlwglw http://webdta.doble.com/DtaDAM/DtaDAM. asmx
Username : Password

Figure 32 Files Subtab of Preferences Tab

General Tab

The General tab provides options governing the opening and closing of
T-Doble windows and of T-Doble itself. It also provides precision
preferences for the virtual channels, and the option to restore the
column defaults on the Files subtabs (Browse Files, Recently Opened
Files, and Doble Database).

Display Units| Plotting | Files, " Generat |

When last window closes

@) Show function selector
Just exit
/| Always Confirm Exit

Language

Select Language”®

] Show language selector at startup

*You must restart T-Doble for language change to take effect.

Restore File Browser Column Default

Nameplate Custom Levels
Label 1 Label 2

Assign legacy channel IDs when adding new
analog and aux event channels

Figure 33 General Subtab of Preferences Tab
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Opening Files

Go to the Files page if you wish to work from an existing test plan. The
Files page enables you to find test plans and data files:

» Browse Files—Opens by default in the Data folder. The Look in
Folder field enables you to browse to other locations. Use the
check boxes at the bottom of the window to filter the displayed
files by Library plan, breaker plan, or test result.

* Recently Opened Files—Displays those files that have most
recently been opened in T-Doble.

* Doble DTAWeb—Provides access to the web-based Doble
database.

/" Buowse Files|| Racently Opened Files rDubls DTAWsD

Lock infolder: [Data =] T include subtoiders llj- Repogh

Fis A Erasir Type Marutscher Moded Sperl D Fila Type Test Dl

CB-01_Bresskir Plan iz L 5F& A-BR 146-PM-40-20 B0 Breaker Pn
00%_164202_ROMK ¥ §Fs ArEB 146-PM-40-20 ca-m Record Oy 200E-10-14 19z
L SFe A88 1456-P-20-20 CB-01 Siow Close 200-10-14 19

Wacum AMCHI VNE Lbrary Plan

Figure 34 Files Page and Browse Files Tab
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Start Here Tab

The Start Here tab enables you to make basic hardware selections for
your test. All other T-Doble configuration windows are populated with
the data you provide here, eliminating the need to set up these
parameters repeatedly.

Files | Breaker }/cl'est Plan I’/Rcsul‘:s } Elots k@ Instrument }/Roports l/l-"references ar

aaaaaa
Parameters

for Quick | EditPlan | NewPlan | Close | Save v | Run Test |
Setin
/Start Here [ B | Basic Limits | Motion Limits|
Quick Setup
Breaker Details
Recloser
W (Westinghouse Electric) Find Breakar...

Enable multiple (ganged) TDR 9100 instruments
Breaker Test Style

Gang Count -
QCH (Overall Circult Breake
@ EHV (Extra High Voltage)
GCB (Generator Circuit Brea IR
per unt
Has resistors
Breaks per Phase -
Analog Channels 0
Auxiliary Channels i)
Motion Channels V]

@ Linear Transducer
Rotary Transducer

Figure 35 Start Here Subtab of Breaker Tab

To enter data:

1. Click the Find Breaker button and select the type of breaker,
manufacturer, and model number from the popup menus.

Select the style of breaker (OCB, EHV, or GCB).
Select breaks-per-phase and channel information and click Apply.
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Nameplate Tab

The Nameplate tab enables you to enter more information about the
breaker you wish to test. Figure 36 shows the Nameplate tab.

REVIEW O UEINE

/F@/Breaker ]/I'esl Plan }/Resu\ts Plots (3 Instrument ]/Rep()ﬂs ]/Preferem:es’/ Help

Circuit Breaker

*Required for Breaker Plan <custom label 1=

Haraspe [ EditPlan | [ NewPlan | [ Close || Save || [ Run Test |
Infarmation
o y I =
Start Herg} Nameplate}/’Basm lelis}/Mullon LII'ﬂIL“,W
Breaker Test Details
oCcB @ EHV GCB Find Breaker... Has resistors
Nameplate
Type of Breaker Recloser  [=] Description
Required Manufacturer w lz‘ Circuit Number
Model Number ESC Mechanism Type
Company™® Mechanism Book Mumber
Location*® lz‘ Instruction Book Number
Division Operation Counter
Serial Number* 000X Line Frequency 60 Hz |=l
Special ID* 20000 Operator

<custom label 2

Plan Type . Library Test Plan Test Run

Figure 36 Nameplate Subtab of the Breaker Tab

Required Information

Library and Breaker plans require different sets of information, as

follows.
Library Plans:

» Type of Breaker
 Manufacturer
Model Number

Breaker Plans:
* Type of Breaker
* Manufacturer
* Model Number
« Company

* Location—Select a location from the drop-down list, or select

Add a Location and type in a new location.
» Serial Number
e Special ID

- 72A-3236-01
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Basic Limits Tab

The Basic Limits tab enables you to enter breaker timing, motion,
resistance, and capacitance limits. Figure 37 shows timing limits for an
OCB overall test, or for breakers with one break per phase.

Breaker Timing Limits

Files /" Breaker | Test Plan | Results | Plots ['{S) Instrument  Reports | Preferences | Help
Review or Define
Basic Performance | EditPlan | [ NewPlan | [ Close | [ Sae v [ RunTest
Timing Limits
Start Here ‘r’NameFﬂate Y Basic Limita‘r’M(m'on J_imimiw
Breaker Timing Limits
Timing Synchronization
Hasresistors
Minimum Maximum In Brazker In Phass In Module:
Cpen = =
Main Contacts Close
Reclose
TripFree Dwell Time
Reclose Open-Close Time
Resistor Timing Limits
Timing Synchronization
Minimum Maxamum In Breaker In Phase In Module
Relative to Test ey N N
Initiation Close
Open
Relative to Main
Closa

Resistance Limits

Open Resistance

Close Resistance

Capacitance Limits

Capacitance Limits

Figure 37 Basic Limits Subtab of Breaker Tab

This section provides the following plots:

“Main Contacts: Open” on page 57

“Main Contacts: Close” on page 61

“Main Contacts: Reclosing” on page 63

“Main Contacts: TripFree Dwell Time (Close-Open Time)” on

page 64

“Main Contacts: Reclosing Open-Close Time” on page 65
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4. Test Plan Setup

Figure 38 shows the timing limits for EHV breakers with multiple breaks
per phase.

Files V" Breaker | Test Plan | Results |7 Plots {'(S) Instrument | Reports | Preferences | Help

Review or Define —
Basic Performance | EditPlan | [ NewPlan | [ Close ||  Save || [ RunTest
Timing Limits

Start Here | Nameplats* Basic Limits | Motion Limits |

Breaker Timing Limits
Timing Synchronization

V| Hasresistors
Mirimum Maximum In Brazker In Phasz In Module

Main Contacts Close

TripFree Dwell Tim

Reclose Open-Close Time

Figure 38 Breaker Timing Limits Table

Main Contacts: Open

IEEE designation: O

Opening time is the interval of time between the time when the
actuating quantity of the release circuit reaches the operating value,
and the instant when the primary arcing contacts have parted.
Parameters include:

e Minimum—Minimum time for the main contacts to part
¢ Maximum—Maximum time for the main contacts to part

- 72A-3236-01
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Figure 39 shows contact opening time (the time between test initiation
and the last contact to part).

EHY Contacts
0-R-C

BN

EHV Contacts
0-R-C

GO om

EHV Contacts
O-R-C

o o

EHY Contacts
0-R-C

B NG]

EHV Contacts
0-R-C

GO om

EHV Contacts
0-R-C

Ao

EHY Contacts
0-R-C

aooom

EHV Contacts
0-R-C

o @

EHV Contacts
0-R-C

EICIE NG

EHY Contacts
0-R-C

oo om

EHV Contacts
0O-R-C

Ao

o om
-

EHV Contacts
0-R-C

Contact #4 Phase A part last

Total samples: 5,000

o

T T T
0 15 20

Sample time in ms

T T
30 35

|m\|l|second ms) vl

A

1 >

t = Opening time

Figure 39 Main Contacts Opening Time
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4. Test Plan Setup

Figure 40 shows open synchronization in module, phase, and breaker.

Module Maximum allowable difference in time between the first
and last main contacts to open in any module

Phase Maximum allowable difference in time between the first
and last main contacts to open in a phase

Breaker Maximum allowable difference in time between the first
and last main contacts to open in a circuit breaker

t
phase

EHY Contacts
0-R-C

o oaon

EHY Contacts
O-R-C

I
I
L module |

e e
16 18 20 22 24 26 28 30

14
Total samples: 5,000 Sample time in ms |m\|lisecond msy 'I

EICIE NG

EHV Contacts
0-R-C

aooa

EHV Contacts
0-R-C

oo @

EHV Contacts
0-R-C

BICEE]

EHV Contacts
0-R-C

o om

EHY Contacts
0-R-C

GGG

EHY Contacts
O-R-C

aooom

EHY Contacts
O-R-C

o @

EHV Contacts
0-R-C

I

EHV Contacts
0-R-C

GO

o @
L1

EHV Contacts
0-RC

breaker

o

t
t

module = Synchronization time for Phase B, Module 2
= Synchronization time for Phase A
= Synchronization time for breaker

phase

breaker

Figure 40 Open Synchronization in Module, Phase, and Breaker
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Figure 41 provides test results of a sample synchronization.

Main Contact Timing Measurements
o Main Conact Tining
Synchronization
Chi;;nd Label Phase Pr—— In Module In Phase In Breaker
EHV-AL | AEHV1  Phase A i CTms & bims o
EHV-A2  AEHV2 PhaseA|w| 21.6ms g/ 05ms o
EHV-A3 ~ AEHV3 PhaseA[w| 21.8ms 4/ 03ms o '
EHV-A4 A-EHV 4 Phase A | ¥ | 22.1 ms & ’
EHV-B1 | B-EHV1  PhaseB i 21.5ms 4 03ms o
EHV-B2 = B-EHV2 PhaseB|v 21.2ms g4 05ms o 15ms
EHV-B3 ~ B-EHV3 PhaseB|w 21.0ms 4/ 03ms o | |
EHV-B4 . B-EHV4  PhaseB|¥| 2L3ms &
EHV-C1 C-EHV1  Phase C i 21.5ms 4 09ms o
EHV-C2 CEHV2 PhaseC|w] 206ms 4 12ms o
EHV-C3 CEHV3 PhaseC|w| 21.8ms 4 0oms o '
EHV-C4 CEHV4 PhaseC|w| 2L8ms &
_ Trip Limits
Maximum 22.0 ms 2.8 ms 2.8 ms 2.8 ms
Minimum 19.0 ms

Figure 41 Sample Synchronization Test Results
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Main Contacts: Close
IEEE designation: C

Closing time is the interval of time between the initiation of the closing
operation and the instant when metallic continuity is established in all
poles.

Parameters include:

*  Minimum—Minimum time for the main contacts to make
«  Maximum—Maximum time for the main contacts to make

Figure 42 shows contact closing time (the time between test initiation
and last contact to close).

doble

EHV Contacs }
O-RC ||]_‘
EHVOCEEacE } m
EHVOC_?:C?CE } I | I —
EHVOCEEacE } I
EHV Contacs }
O-RC
EHVOCEEacE j
EHVOC_?:C?CE j
EHVOCEEacE j
EHVOC_?:C?CE } [-_‘:'"7
Rllioy== } '._ll—
EHVOC_?:C?CE } —
EHVOC_?:C?CE } |
Total samples: 16,000 £ g z Sample tir:'?e in ms E = l‘lmmwﬂsecund {ms) -
< t
{ = Closing time
Contact #2 PHASE C is last to close
Figure 42 Module-Level Contact Close Synchronization
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Figure 43 shows close synchronization in module, phase, and breaker.

Module Maximum allowable difference in time between the first
and last main contacts to close in any module

Phase Maximum allowable difference in time between the first
and last main contacts to close in a phase

Breaker Maximum allowable difference in time between the first
and last main contacts to close in a circuit breaker

t module
—p —

Main Contacts : T

ORC ? 1T
Main Contacts a W

ORC N i
Main Contacts : I

ORC ?
Main Contacts c ] ]

0-RC f} n I
Main Contacts :

ORC ?
Main Contacts ‘:

ORC N
Main Contacts :

ORC ?
Main Contacts ‘:

ORC n
Main Contacts :

ORC ? 1l
Main Contacts ‘: |

ORC N
Main Contacts :

ORC R 1l |
Main Contacts :

ORC :

- T T T T T T T T T T
102 104 106 108 110 112 114 116 118
Total samples: 16,000 Sample tine in ms millisacond (ms} -
t phase
—p t breaker <4“—

t
t

t breaker

module = Synchronization time for Phase B, Module 2
= Synchronization time for Phase C
= Synchronization time for breaker

phase

Figure 43 Close Synchronization in Module, Phase, and Breaker
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4. Test Plan Setup

Main Contacts: Reclosing
IEEE designation: O -0.3s-C

Reclosing time is the interval between the beginning of the opening
time and the instant when the contacts touch in all poles during a
reclosing cycle.

Parameters include:

e Minimum—Minimum time from trip initiation to main contact
close

*  Maximum—Maximum time from trip initiation to main contact
close

Figure 44 shows overall reclose timing (time from test initiation to last
contact close).
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Module Maximum allowable difference in time between trip
initiation and the last closing of the two main contacts in
any module

Phase Maximum allowable difference in time between trip
initiation and the last closing of the main contacts in any
phase

Breaker Maximum allowable difference in time between trip
initiation and the last closing of the main contacts in a
circuit breaker

Energizing opening release: trip coil t =0 Contact #2 touch last

Close Current

Trip Current mj ] ‘
A 0

EHV Contacts
ORC

EHV Contacts
ORC

I
I

EHV Contacs
0-R-C

EHV Contacts
ORC

EHV Contacts _
0-R-C B I
EHV Contacs _
0-R-C B |
I
o |
T T T T T T T T
50 100 150 200 250 300 350 400
Total samples: 5,00 Sample time in ms millisecond {ms) =
<
< t

t = Reclosing time

Figure 44 Main Contact Timing — Reclosing

Main Contacts: TripFree Dwell Time (Close-Open Time)
Dwell time (close-open time) is the interval between:

* The instant of time when the first contact closes during the
closing operation

and

* The instant of time when the last contact opens during the
subsequent opening operation
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4. Test Plan Setup

TripFree Dwell Time parameters include:

e Minimum—Minimum time the main contacts are CLOSED
during a TripFree test

e  Maximum—Maximum time the main contacts are CLOSED
during a TripFree test

Figure 45 shows the TripFree dwell time.

Contact #2 Phase B touch first Contact #1 Phase C part last

Main Contacts = |
0-R-C

Main Contacts =
0-R-C

Main Contacts =
0-R-C

Main Contacts
0-R-C

Main Contacts
0-R-C

TIII

R I_l ,_‘ IJlI
b T T T T T

180 190 200 210 220
Total samples: 16,000 Sample time in ms

Main Contacts
0-R-C

“— t —> t = Dwell time

Figure 45 TripFree Dwell Time

Main Contacts: Reclosing Open-Close Time

Dead time (during reclosing) is the interval of time between the instant
when the arcing contacts have separated in all poles and the instant
when the contacts touch in the first pole during a reclosing cycle.

Reclosing open-close time parameters include:

e Minimum—Minimum time the main contacts are OPEN during a
Reclosing test

*  Maximum—Maximum time the main contacts are OPEN during
a Reclosing test
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Figure 46 shows the Reclosing open-close time.

Contact #2 Phase A part last Contact #2 Phase A touch first

[EHV Contads
0-R-C

[EHV Contads
0-R-C

==
==

[EHV Contads
0-R-C

[EHV Contads
0-R-C

[EHV Contads
0-R-C

[EHV Contads

0-RC 1 I
© T T T T T T
50 100 150 200 250 300 350

T
o
Total samples: 5,000 Sample time in ms millisecond (ms) =

|

[ >

A

{ = Open-Close time (during auto-reclosing)

Figure 46 Reclosing Open-Close Time

Resistor Timing Limits
This section discusses three types of resistor timing limits:
* “Resistor Timing — Open” on page 67
» “Resistor Timing — Close” on page 69
» “Resistor Debounce Values for First Touch Tabulation” on page 72

Figure 47 shows the resistor timing limits available for the circuit
breaker resistor contacts.

Resistor Timing Limits
Timing Synchronization
Minirrum P airnurr In Bresker In Phase In Module

* * * *

Relativeto Test Open "
Initiation Close - " * * B
Open % * * * #*

Relative to Main
Close * - * * -
Resistor Debounce Eounce v

Figure 47 Resistor Timing Limits
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Resistor Timing — Open
You can time resistor contacts in two ways using these options:

* Relative to test initiation
» Relative to main (the opening of the main contacts)

Parameters include:

e Minimum—Minimum time for the resistor contacts to part
*  Maximum—Maximum time for the resistor contacts to part

Figure 48 shows Opening time relative to main and test initiation.

Main Contacts
0-R-C

0
Total samples: 5,000

T T T T T T T
10 20 30 20 50 0 Z
Sample time in ms millisecond (ms) >

t, >

t,=Opening time relative to main

t,=Opening time relative to test
initiation

Figure 48 Opening Time — Resistor Contact
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Figure 49 shows how contact and resistor contact timing open
synchronization occurs on a module-by-module level.

Module Maximum allowable difference in time between the
opening of the two resistor contacts in any module

Phase Maximum allowable difference in time between the
opening of the two resistor contacts in a phase

Breaker Maximum allowable difference in time between the
opening of the two resistor contacts in a circuit breaker

t

breaker
t
hase
> ¢ P

Main Contads i]_l

0-R-C - |
Main Contacs i]_l

0-R-C . 1
Main Contads i]_l

0-RC ® |
Main Contacs i]—l

0-R-C . 1
Ma\r&fgjéads E}
Ma\%iujéads E]
Ma\r&fgjéads E}
Ma\%iujéads ;]
Main Contads i]_l

0-R-C - 1
Main Contads ;]—l

0-R-C . U 1
Main Contads i]—l

0RL : ] 1

A1
Ma\r&fgjéads ;‘} 1
2‘{] 2‘5 3‘{] 3'5 QICI 4‘5 :
Total samples: 16,000 Sample time in ms millsecond (ms) -
> 'tmodule
thoaue=Synchronization time for Phase C, Module #1
tohase=SYnchronization time for Phase A

=Synchronization time for breaker

tbreaker

Figure 49 Resistor Contact Open Synchronization
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Resistor Timing — Close

Some circuit breakers use insertion resistors during closing to control
the transient overvoltages that occur during closing. The timing of the
closure of the resistor contacts may be measured during the circuit
breaker timing test.

You can time resistor contacts in two ways using these options:

* Relative to Test Initiation
» Relative to Main (the closing of the main contacts)

Parameters include:

e Minimum—Minimum time for the resistor contacts to close if
measured relative to test initiation, or minimum time that
resistors are in the circuit (the time interval between resistor
contact closure and main contact closure) when measured
relative to main contacts.

»  Maximum—Maximum time for the resistor contacts to close if
measured relative to test initiation, or maximum time that
resistors are in the circuit (the time interval between resistor
contact closure and main contact closure) when measured
relative to main contacts.

doble
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Figure 50 shows closing time from test initiation until resistor contact

touch.
Energizing close release: Close coilt =0 Resistor contact Phase C touch last
Close Current 151:
A 054
kel

0CB Contacts _ I
O-R-C "

OCB Contacs
0-R-C

0CB Contacs
0-R-C

T T T T T T
40 60 50 100 20 140

o 2 &
Total samples: 16,000 Sample time in ms millisecond {(ms) =

»
»

A
—

1 = Insertion resistor Close time from initiation

Figure 50 Resistor Contact Timing Measure Relative to Test
Initiation
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Figure 51 shows timing from resistor contact touch until main contact

close.

OCB Contacts
0-R-C

I

OCB Contacts
0O-R-C

OCB Contacts
0-R-C

Resistor contact Phase C touch
™.
A

Main contact Phase C touch

B

T T T T T
50 55 ) it 150

Total samples: 16,000

T
110

T
15

T
120

T
125

r
155
ample time in ms millisecond (ms) [»

w

<« t —>

1 = Length of time resistor is in closed
position before main contact close

Figure 51 Resistor Contact Timing Relative to Main Contact

Closure, Phase C
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Figure 52 shows how contact and resistor contact timing close
synchronization occurs on a module-by-module level.

Module Maximum allowable difference in time between the
closing of the two resistor contacts in any module

Phase Maximum allowable difference in time between the
closing of the two resistor contacts in a phase

Breaker Maximum allowable difference in time between the
closing of the two resistor contacts in a circuit breaker

t

breaker

o

Main Contacts £ | |
i o rm Ty
o ] [ I [ — v
Main Contacts < I
alrgj_a?c ;} - U LLL ]
Main Contacts < [
alrgj_a?c ;} n [ L J |
Main Contacts = 11 L u
oRe 3 m f '
Main Contacts :
g i
Main Contacts :
YoRe =]
Main Contacts <
g 1
Main Contacts <
g ]
Main Contacts i} n f | I | 1 I

D-RC :
Main Contacts <
R n . e -y
Main Contacts i} — I 1 | 1N

DRC :
Main Contacts < e LT
S nlu s

2‘4 2‘5 Z‘B 3‘5 3'2 3" 3'5 3'3 ;
Total samples: 16,000 Sample time in ms millisecond (ms) hd
t o .
I t_.aue=Synchronization time for Phase C, Module #2
t
—p |g—Phase

tohase=Synchronization time for Phase C

t =Synchronization time for breaker

breaker

Figure 52 Resistor Contact — Close Synchronization

Resistor Debounce Values for First Touch Tabulation

The Resistor Debounce field sets the minimum amount of time the
TDR9100 discriminator must recognize the resistor state before the
transition to resistor is used for purposes of timing calculations. When
the circuit breaker makes a transition into the resistor state and stays
there, without bouncing open, for a period of time long enough to
satisfy the Resistor Debounce criteria, the software uses the initial
moment of transition to mark the beginning of the resistor level for
purposes of resistor timing calculations.
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Figure 53 shows the location of the Resistor Debounce field.

West Plan ” Results ” Blots ”@ Instrument }/Reports ]/PreferenceSI’ Help

Review or Define Basic Performance Timing Limits

Start Here Y—Namep\atg)/ﬂaswc leltsr—Motlon lelts}

Breaker Timing Limits

V| Hasresistors

Synchronization
In Phasz In Module

Main Contacts

Resistor Timing Limits

Relative to Test
Initiation

Relative to Main

Resistance Limits

Open Resistance

Close Resistance

Capacitance Limits

Capacitance Limits

Synchronization

InPhass Tn Module

Figure 53 Location of Resistor Debounce Field

The Resistor Debounce field provides these options: 100 us, 200 ys,
and Bounce. If 100 ps or 200 ps is selected, the resistor level must be
present during the entire period specified (100 ps or 200 ps) without
any transitions or bounces for the transition to be acceptable.

NOTE! The transition to the resistor level is identified by the first resistor
contact closure during a Close operation, and by the last resistor contact

open during an Opening operation.

Different resistor debounce values are needed to accommodate the

characteristics of different circuit breakers:

» If the resistor contact of a circuit breaker tends to bounce
extensively during operation, and the bouncing results in no
resistor contact touching long enough to match the qualifier
setting, then the resistor contact is not seen by the test set, and
the operating time of the resistor contact is not tabulated.
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In such a case, the Resistor Debounce time can be reduced
from the default value of 200 us to 100 us to observe the
resistor contact (despite its bouncing) and obtain a tabulated
value. This is acceptable if the bouncing is a normal part of
operation for this particular circuit breaker. If it is an abnormal
event, however, reducing the Resistor Debounce time to make
the switch visible is self-defeating because the tabulated value
has no real meaning.

To determine a trend in a circuit breaker, and to compare similar
circuit breakers, use the largest time setting that consistently
yields a tabulated value for the resistor contact timing.

If Bounce is selected, the first identifiable transition to the
resistor level is used for the resistor contact tabulation and it is
not necessary to have a resistor level for any minimum amount
of time.
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Figure 54 and Figure 55 illustrate the effects of resistor debounce
values.

Select 100 Ls

UL

—15 ps—=J
t2
t1

oxoO

Select 200 s

C
R
o —TI5 IS

Resistor not identified in timing calculations

Select Bounce

~—115 ps —J U
t2
t1

oxO

c Select 100 Us or 200 HUs
A _U_U_LIJ'LI_LI'LI'LI'\_
0]

Resistor not identified in timing calculations

Select Bounce

t,
t

oOxO

t, = Resistor timing relative to test initiation
t, = Resistor timing relative to main contact

Figure 54 Resistor Debounce Effects — Open Test
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Select 100 Ls

C

R I—I I—I

o [«—115 IS —

tl t2

Select 200 s

C u

R I—I |—|

0 | | | | I-_—115 s —=

Resistor not identified in timing calculations

Select Bounce

C

R I—I I—l

e} | | | l-_—115 Us —

) t,

Select 100 Hs or 200 [s

C
v 2
(@]

Resistor not identified in timing calculations

Select Bounce

-t t,

om0

t, = Resistor timing relative to test initiation

t, = Resistor timing relative to main contact

Figure 55 Resistor Debounce Effects — Close Test

NOTE! The Relative to Test Initiation option tabulates resistor contact
timing from the beginning of the test (t = 0).

The Relative to Main option tabulates resistor contact timing relative to the
closing (first contact closed) or opening (last contact open) of the main
contact. For further information, refer to “Resistor Timing — Open” on
page 67 and “Resistor Timing — Close” on page 69.
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Motion Limits Tab

The Motion Limits tab sets travel and average velocity limits. T-Doble
can set two user-defined zones for the measurement of average
velocities and a range of expected speeds in those zones. In addition,
to accommodate the need for indirect measurements on some
transducers, T-Doble can apply a transfer function via transducer
scaling. Transducer scaling 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. You can establish
transducer scaling on the Motion Channels subtab of the Test Plan tab.
(See “Transducer Scaling” on page 104 for an explanation of transfer
functions.

If you intend to measure two different types of motion at different
locations in the same test, you may wish to create multiple motion limit
sets. When you create a new travel limit set, T-Doble automatically
adds a new average velocity limit set (Figure 56).

- 72A-3236-01
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Travel Limits
Overtravel Rebound
i Travel Type Label Total Travel S oo S Lo
Open Cose Open Close: Wipe
Expected = = =
Limits Set #1 + + + * =
(anguiay A9 |Z| Mechanism Tolerance o
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(Angular) Tolerance
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Action Zone
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Close ==
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Distance; Distance [+] = = =
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Limits Sat #2 2 Distance; Distance L
(Angular) 1 Distance; Distance - = = =
Close ==
2 Distance; Distance d * * *
Figure 56 Motion Limits Subtab of Breaker Tab
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Travel Limits

Figure 57 shows the Travel limits available for a circuit breaker.

Travel Limdts
Teavel Type Label Total Travel

Enpected
Limnits Sat #1
Linesr » .
b Tolerance

Figure 57 Travel Limits

Travel Type

You can select a travel type of Linear or Angular.

Total Travel and Contact Wipe

Total Travel has the following two values:

» Expected—The total circuit breaker main contact travel during
close or open operations.

» Tolerance—You can specify negative and positive tolerances.
The negative tolerance for total travel must never be greater
than the specified total travel.

Contact Wipe has the following two values:

» Expected—The distance the transducer connecting rod or
rotary adapter moves from the first main contact closure to the
fully closed position of the circuit breaker.

The main contact used to calculate wipe is determined by the
phase selected in the Motion Channel Parameters. For more
information, refer to “Motion Channels Tab” on page 102.

» Tolerance—You can specify positive and negative tolerances.
Negative tolerance for contact wipe must never be greater than
the specified contact wipe.

The TDR9100 determines wipe for each Motion Channel that is
activated and has a transducer connected to it. By default, Phase A
always corresponds to Motion Channel 1, Phase B to Motion Channel
2, and Phase C to Motion Channel 3.

Example: To measure Contact Wipe on the phase A contact
(Figure 58):

* Mount the transducer on phase A.
« Connect the motion transducer cable to the M1 connector.
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« Activate Motion Channel 1 on the Motion Channels subtab of
the Test Plan tab, and label it A.

 Connect Main Contact Test Cable 1 to Phase A.

| Travel #1

Motion Channels

OCB Contacts
0-RLC

OCB Contacs
0-R-C

OCB Contacts
O-R-C

| Total travel

v /

Contact wipe

!

Contact #1 Phase A

I,_IIII

Total samples: 16,000

Phase B

|

Phase C

—

T T T T T T T
120 =0 150 180 180 190 200
millisecond {ms) =

Sample time in ms

T
120

Figure 58 Contact Wipe Measurement

For an EHV circuit breaker (module type), the TDR9100 determines
wipe for activated Contact 1 of the phase that has a corresponding
activated Motion Channel and a transducer connected to it.

Figure 59 shows timing for contact wipe during total travel operation.

Contact wipe Travel #3

Motion Charnels

EHV Contacts
0-RC

EHV Contacts
O-R-C

EHV Contacts
O-R-C
EHV Contacts
O-R-C
EHV Contacts
O-R-C

EHV Contacts
0-R-C

-100

Total samples: 16,000

v
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———

Tt

Total travel

!

Contact #1 Phase C

|
]
]
]
]
|

T T T T
150 190 20 220

Sample time in ms

T T
100 20

20
millisecond (ms) =

Figure 59 Contact Wipe and Total Travel for Multiple Breaks
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Figure 60 shows timing for contact wipe during trip operation.

d - Phase B d - Phase C d - Phase A

|
Motion Channels =9
mm 0l
0

0CB Contacts
0-R-C

OCB Contarts
0-R-C

OCB Contads
0-R-C

e T T T T T T
b 2 25 E 35 £
Total samples: 16,000 Sample time in ms millisecond (ms) [

d = Travel from start position (contact wipe)

Figure 60 Contact Wipe During Trip Operation

Overtravel, Rebound — Open

Overtravel has the following two values:

» Expected—The distance between the maximum temporary
displacement of the circuit breaker main contacts beyond the
final open position.

» Tolerance—You can specify negative and positive tolerances.
Negative tolerance for overtravel must never be greater than the
specified overtravel.

Rebound has the following two values:

» Expected—The distance between the maximum temporary
displacement of the circuit breaker main contacts short of the

final open position.

» Tolerance—You can specify negative and positive tolerances.
Negative tolerance for rebound must never be greater than the
specified rebound.
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Figure 61 shows how overtravel and rebound are calculated during a
circuit breaker opening operation.

Motion Channels

04
v d2
754 d P ——
1 77\\_-/ S b4
T T T T T T T T
0 50 100 150 200 250 200 350 400
Total samples: 16,000 Sample time in ms /" |millizecond (ms) =

/

Fully Oben position
d, = Overtravel trip

d, = Rebound trip

Figure 61 Overtravel/Rebound Open

Overtravel, Rebound - Close

Overtravel has the following two values:

» Expected—The distance between the maximum temporary
displacement of the circuit breaker main contact beyond the
final closed position.

» Tolerance—You can specify negative and positive tolerances.
Negative tolerance for overtravel must never be greater than the
specified overtravel.

Rebound has the following two values:

* Expected—The distance between the maximum temporary
displacement of the circuit breaker main contacts short of the
final closed position.

» Tolerance—You can specify negative and positive tolerances.
Negative tolerance for rebound must never be greater than the
specified rebound.
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Figure 62 shows how overtravel and rebound are calculated or
measured for a circuit breaker closing operation.

Fully Closed position

S

Mation Channels 35

2

o
Total samples: 16,000

T T T T T T T
20 40 50 50 100 20 )

Sample time in ms

T
220

T T
240 250
millisecond {ms) =

d, = Overtravel Close
d, = Rebound Close

Figure 62 Overtravel/Rebound Closed

Average Velocity Limits

Figure 63 shows the average velocity limits table.

Average Yelocity Limits

Action Z2one

Open
Linits Set #1
(Linear)

Nir:N:e

Close

Distance;
Distance;
Distance;

Distance;

Fone Type

Distance
Distance
Distance

Distance

Zone Details

From

¥ 0¥ ¥ 3

S8 L8

Velocity

To Minirnurm Maxirnunn

Figure 63 Average Velocity Limits

Average Velocity — Open

You must enter a zone before the TDR9100 can make a calculation.
There are six zone types for average velocity measurements during
open test. They serve as the Open and Close conditions that define
each zone. These same parameters apply to Velocity Open Zone 2.
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Distance to Distance

Distance to Time
Time to Time
Open to Time

Open to Distance

Open to Travel

Velocity Open Zone 1

Velocity Open Zone 1 is calculated using the zone parameters listed
above. If used, Zone 2 is identified by zone parameters representing a
different part of the opening motion curve. (See Figure 70 on page 90.)

Close position

Distance to 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). The end
distance (TO) must be greater in magnitude than the start

distance (FROM). (See Figure 64.)

Motion Channels
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l

]
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Figure 64 Average Velocity Distance to Distance
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Close position

N

NOTE! When selecting values for calculating average velocity, avoid
choosing beginning or ending distances of 0.000 in/mm. Because the
circuit breaker remains in those positions for a relatively long period of
time, incorrect average velocities are calculated.

» Distance to 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). (See
Figure 65.)
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Figure 65 Average Velocity Distance to Time Trip Operation
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Close

position

Time to Time—The circuit breaker average velocity is calculated

between the

two times specified. In Figure 66, the end time

(TO) must be greater than the start time (FROM).

R
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From time

<« Totin
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ne ——p

Figure 66 Average Velocity Time to Time

Open to Time—The circuit breaker average velocity is
calculated for the period between when the main contacts part
and the specified time after that moment.

If only one transducer is used, the TDR9100 uses the main
contact data for the phase in which the motion channel is
activated. (See Figure 3.1.)
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Close position

Motion Channels
mm

E )

OCB Contacts
0-R-C

OCB Contacts
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Travel Phase A

Contact part Phase A

OCB Contacts
0-R-C
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T
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T
100

T T
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T
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o

t
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Figure 3.1 Average Velocity Contact Open to Time OCB Overall One Break per Phase

NOTE! For the EHV circuit breaker (Figure 67), the TDR9100 uses the data
for Main Contact 1 from the phase for which the motion channel is
activated to calculate the average velocity. In Figure 67, Motion Channel 3
(corresponding to Phase C) is active. Therefore, Phase C Contact #1 is
used for the average velocity calculation.
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Close position

> «

= \ Zone 1
Motion Channels -100
mm - ﬁ_
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EHV Contacts
0-R-C

EHV Contads
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EHV Contacts
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Contact #1 part Phase C

EHV Contacts
0-R-C

T T T
70
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0
Total samples: 16,000

Figure 67 Average Velocity Contact Open to Time, Motion Channel
#3 (Phase C) Active

* Open to Distance—Circuit breaker average velocity is
calculated for the interval between when the main contacts part
and the point in time that corresponds to the specified distance.
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Figure 3.2 and Figure 68 show the operation of this zone type.
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Figure 3.2 Average Velocity Contact Open to Distance for Single Break per Phase,
Motion Channel #1 (Phase A) Active
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Figure 68 Average Velocity Contact Open to Distance for
Multiple Breaks Per Phase, Motion Channel #3 (Phase C) Active
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* Open to Travel—The circuit breaker's average velocity is
calculated for the interval between the contact part and a
specific displacement that occurs after the point of contact part.
Unlike distance, travel references the point of contact part and
not the fully closed position.
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Figure 3.3 Average Velocity Contact Open to Travel for Single Break per Phase,
Motion Channel #1 (Phase A) Active
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Figure 69 Average Velocity Contact Open to Travel for
Multiple Breaks Per Phase, Motion Channel #1 (Phase A) Active
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Velocity Open Zone 2
Zone 2 is independent of Zone 1 (Figure 70).

Close position i

21 Zone 1 \ From
“q A * distance

Motion Channels T TO dIStance

Zone 2

N !

OCB Contacts
0-R-C

OCB Contacts
0-R-C

OCB Contacts
0-R-C

T T
160 150

ID 2ID 4‘0 SID BID ll‘JD 1‘2D 1‘;0
Total samples: 5,010 Sample time in ms millisecond {ms) =
— t P E— Zone 1 = Contact part - time

Zone 2 = Distance to distance

Figure 70 Average Velocity for Zone 1 and Zone 2, Motion Channel
#1 (Phase A) Active

Average Velocity — Close
You must enter a zone before the TDR9100 can make a calculation.

There are six zone types for average velocity measurements during
close test:

» Distance to Distance

» Distance to Time

e Time to Time

» Time to Close

» Distance to Close

» Travel to Close

These serve as the Start and Stop conditions that define each zone.
The same parameters apply to Velocity Open Zone 2.
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Close position

Velocity Close Zone 1 and 2

Velocity Close Zone 1 is comprised of the Start and Stop parameters
listed above. If used, Zone 2 is identified by zone parameters
representing a different part of the opening motion curve (Figure 78).

» Distance to 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 as shown in Figure 71. The end distance (TO) must be
smaller in magnitude than the start distance (FROM).

@ "n s w o B =)
L L L L L f I

Motion Channels
in

To distance / v

From
distance T / Zone 1

Total samples: 5,010

T T T T T T T T T T T
20 40 60 80 100 20 140 160 150 200 220

20
Sample time in ms millisecond (ms) >

Figure 71 Average Velocity Distance to Distance Close Operation
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» Distance to Time—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 circuit breaker’s final closed position
(0.000 in/mm). See Figure 72.

Close position i

4 —

Distance

Motion Ch. I 2
of \onin annels ey Zone 1

T T T T T T
50 100 150 200 250 200

T T
0 350
Total samples: 16,000 Sample time in hs rillisecond (ms) =

Figure 72 Average Velocity Distance to Time Close Operation
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4. Test Plan Setup

» Time to Time—The circuit breaker average velocity is calculated
between the two times specified. In Figure 73, the end time
(TO) must be greater than the start time (FROM).

Close position

<4 r—

>

Motion Channels
in =

T T T T T T T T T T T
20 4 60 50 100 20 140 160 150 200 220

T T
0 240
Total samples: 16,000 ‘ Sample hme in ms millisecond (ms) 'I

4———— Fromtime 4%

< To time S

Figure 73 Average Velocity Time to Time Close Operation
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» Time to Close—The circuit breaker average velocity is
calculated for the period between the moment when the main
contacts close and the time specified before the closure
(Figure 74).

If only one transducer is used, the TDR9100 uses the main
contact data for the phase of the active motion channel.

Close position ‘

o9 * "
2
] Zone 1
-5
Motion Channels
n -84
104
Travel Phase A
14
T I Contact Close Phase A
OCB Contacts
0-R-C
0OCB Contacts _
0RC : "‘I I
5 » P ) @ 10 B P pa P B 20 2
Total samples: 16,000 Sample time in ms millisecond (ms) =

Figure 74 Average Velocity Time to Contact Close, Motion
Channel #1 (Phase A) Active
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4. Test Plan Setup

For the EHV circuit breaker, the TDR9100 uses the data for
Main Contact 1 from the phase of the active motion channel.
Figure 75 shows the average velocity for a Close operation
referencing time to contact closure.

Close position

<

]

i Zone 1 L /

Motion Channels i /
" T Travel Phase A

EHV Contacs
0-R-C

Contact #1 part Phase A

EHV Contacs
0-R-C

EHV Contacts
ORC

EHV Contacs
0-R-C

EHV Contacs

]
]
]
S
:
]

0-R-C

T T T T T T
100 20 ) 150 200 220

10 20
Total samples: 16,000 Sa}nple time in ms millisecond (ms) =

Figure 75 Average Velocity Time to Contact Close, Motion
Channel #1 (Phase A) Active (EHV)

(M 72A-3236-01  Rev.B  07/2013 95
et b




TDR9100™ and T-Doble 3.3 Circuit Breaker Test System User Guide

» Distance to Close—The circuit breaker average velocity is
calculated for the period between the moment when the main
contacts make and the distance specified before the final closed
position. Figure 76 shows the average velocity for a close
operation referencing distance to contact close.

Close position

Distance Zone 1

Travel Phase A

Motion Channels
in =

0B Contads ] I I-I—I— I Contact Phase A

OCB Contacts
0-R-C

OCB Contacts 2
0-RC . | I' l

T T T T T T T T T
80 100 120 140 160 180 200 20 240 260
Total samples: 16,000 Sample time in ms

]

T T
280 300

T
320
millisecond {ms) =

Figure 76 Average Velocity Distance to Contact Close,
Motion Channel #1 (Phase A) Active

96

72A-3236-01  Rev.B  07/2013 (/IO
et ¥




4. Test Plan Setup

For the EHV circuit breaker, the TDR9100 uses the data for
Main Contact 1 from the phase of the active motion channel

(Figure 77).
Close position
oy — 4 v
-
R Zone 1 / Distance
Motion Channels
.| Travel Phase C T T
EHV Contads : . l.' |.| '
0-R-C
EHV Contads . l.' I |.| l

0-R-C

EHV Contacts
0-R-C

EHV Contads
0-R-C

EHV Contads
0-R-C

1
1
]
s ]
‘:-1
]

]
Contact #1 touch Phase C

Total samples: 16,000

T
150

Sample time in ms

T T T
150 200 220

T
240
millisecond {ms) =

Figure 77 Average Velocity Distance to Contact Touch Closing

Operation, Motion Channel #3 (Phase C) Active
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Close position

Zone 2 is similar to Zone 1 and is independent from Zone 1

(Figure 78).

Motion Channels 2

OCB Contacts
0-R-C

|

From

distance l

|

To didtance

|

Zone 1

Zone 2

T

Travel Phase B

OCB Contacts
0-R-C

OCB Contacts
0-R-C

Contact #1 touch Phase B

10
Total samples: 16,000

T
50

T T
&0 70
Sample time in ms

T T T
80 L) 100

T
130
millisecond {ms) =

—p

< Zone 1 = Time - contact touch
Zone 2 = Distance - distance

Figure 78 Average Velocity Zone 2 Close Operation, Motion

Channel #2 (Phase B) Active

98

72A-3236-01

Rev.B  07/2013 ¢¢/0N
et b



4. Test Plan Setup

» Travel to Close—The circuit breaker's average velocity is
calculated for the interval between the contact make and the
travel that occurs before the point of contact make (Figure 79).
Unlike distance, travel references the point of contact make and
not the fully closed position.

Close position

9 P——

0.5

45

TRAVEL 1
in

25

N

Zone 1 Travel

T

Travel Phase A

Main Contacts
0-R-C

| Contact close Phase A

Main Contacts
0-R-C

Main Contacts
0-R-C

5] E 0o E 0o 3 0 i
| I | T I

0
Total samples: 6,000

T T T T T T T
20 20 60 20 100 120 14
Sample time in ms millisecond (ms) >

Figure 79 Average Velocity Travel to Close Phase A
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5. Channel Setup

This chapter explains how to set up the main contact, analog, auxiliary,
virtual, and motion channels. It contains the following sections:

* “Main Contact Channels Tab” on page 101

» “Motion Channels Tab” on page 102

* “Aux, Analog Tab” on page 108

Main Contact Channels Tab

OCB Channel Setup

This section discusses main contact parameters for an overall circuit
breaker test, which consists of 1 measurable break per phase

(Figure 80). These parameters activate the OCB main contact
channels and change the label and/or phase designation for the circuit
breaker contacts being monitored.

These channels typically are used to measure the contact timing of any
dead tank circuit breaker or live tank circuit breaker with one break per
phase. Some dead tank circuit breakers include more than one contact
in series in each phase, but there is only one measurable break
between the incoming and outgoing bushing terminals in each phase.
For dead tank circuit breakers having more than one contact in each
phase, the first contact to open (that is, any contact open) results in a
measured opening of the phase, and the last contact to close (that is,
all contacts closed) results in a measured closure of the phase.

Main Contact Channel Setup
Channel Enable Label Phase
OCE-A Main Contact 1 Phase & v
OCB-B Main Contack 2 Phase B v
OCB-C Main Contact 3 Phase C v

Figure 80 Dead Tank/OCB — Parameters
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EHV Channel Setup

The EHV table activates the EHV contact channels, by pairs, for circuit
breaker contact monitoring. These channels typically are used to test
live tank circuit breakers or circuit switchers.

Figure 81 shows the configuration for a live tank/EHV circuit breaker

with multiple breaks.

Channel

EHY-A1

EHY-Az2

EHW-A3

EHY-A4

EHV-E1

EHV-E2

EHV-E3

EHY-E4

EHY-C1

EHW-C2

EHW-C3

EHY-C4

Main Contact Channel Setup

Enable

OFEEDORRRORR>R

Label

Phase

Phase A

Phase A

Phase B

Phase B

Phase C

Phase C

&
&
&
&
&
&

Motion Channels Tab

Enable only the motion channels that have linear/rotary transducers
connected. You can edit the channel labels in this table (Figure 82).

Figure 81 Live Tank/EHV Configuration

Channel

Motion-1

Motion Channel Setup

Enable

7l

Motion
Label

Velocity
Label

Ganged

Transducer

Type

Linear

Motion Limits

v

Motion

Units

Linear

Transducer Scaling

Value at
Transducer

1.0 mm

Value at
Contacts

1.0 mm

Motion-2

il

Ganged

Linear

)

Linear

1.0 mm

1.0 mm

Mation-3

-
-
-

[Ed

Ganged

Linear

-
-
-

v

Linear

-
-
-

1.0 mm

1.0 mm

Figure 82 Motion Channel Limits
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5. Channel Setup

For a transducer type, you can select either linear or rotary (Figure 83).

Motion Channel Setup
Transducer Scaling
Channel Enable - Motion Label - ¥elocity Label Phase Transducer Type - Motion Limits - Motion Units (T e
Transducer Corntacts
Motion-1 % Travel 1 vel 1 Phase i % *  wv[-] tnesr v L000R 1,0001n
Metionz Travel 2 vel 2 Phase B F'-if' )« v [-] tnear v v000@ 1.000in
Motion-3 | Travel 3 vel 3 PhaseC % ~Lnear %@ * v [-| Lnear ¥ 10000 1.000n

Figure 83 Linear Motion Measured in English or Metric Units

There is a microswitch in the TR3190 transducer that alerts the
TDR9100 when the transducer is physically configured for rotary
operation (the rotary chuck and storage bracket are mounted to the
transducer in the rotary configuration). If the transducer is physically
configured for rotary operation, but “Rotary” is not selected in the test
plan, the TDR9100 does not execute the test and an error message
appears.

Figure 84 shows the relationships between the test plan and the
transducer rotary motion characteristics

- 72A-3236-01
Pl obk

Motion Channel Setup
Transducer Scaling
Channel Enable = Motion Label - Velocity Label Phasze Transducer Type — Motion Limits ~ Motion Units e e
Transducer Cantacts
Motion-1 v Travel 1 Vel 1 Phase & e [B Linear |w:  1.0° 1000.0 mm
Motion-2  + Travel 2 Vel 2 Fhase B\ [Linear * v [e] tnear v 100 1000, 0
Motion-3 + w Travel 3 vel 3 FhaseC % * ow[e] tnesr v oo 1000.0 mm
Figure 84 Rotary Motion Measured in Degrees
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If the measurement units are changed after specifications have been
entered, the TDR9100 automatically recalculates the specifications
and enters information using the new measurement unit.

Selecting a Motion Limit Set for Each Channel

O

Caution! The motion limits you assigned in the Motion Limits tab are not
automatically applied to the motion channels.

Because multiple motion limit sets can be created in a single plan, if
you want T-Doble to apply motion limits to the test results to a specific
motion channel, you must select a motion limit set for that channel.
(For more information about creating motion limit sets, see “Motion
Limits Tab” on page 77.)

To assign a motion limit set to a channel:
1. Select the Test Plan tab and the Motion Channels subtab.
2. For each motion channel, select a Motion Limits set (Figure 85).

/:g]/areaker/l/fest Plan }/Resu\ts Plots ) Instrument ]/Repcms %referencesr Help

Configure Motion Channels ‘ Edit Plan || New Plan | ‘ Close || Save HEH Run Test

Main Contact Channel;yMntinn ChannelaYAux, Analag.rTest Setup YTriggering, 'ﬁming}/ First Trip YNmes W

Motion Cha

Channel

nnel Setup

Transducer Scaling
Enable Motion Label Velocity Label Phase Transducer Type Motion Limits Mation Units Value at Value at
Transducer Contacts

Motion1 ||+ 7 Ganged |w|  Linear || v \I| Linear |E| 1.0mm Lomm X
Motion-2 || v | 7 Ganged || Linear |~ | Motion Limits (Linear) Set £1 1.0 mm E
Motion-3 i Ganged Li 1.0
otion M ange e fnear h Add Mew Motion Limits Set (Linear) mm B
r

Ignore Limits

Figure 85 Selecting a Motion Limits Set for a Motion Channel

Transducer Scaling

In most bulk oil circuit breakers, the transducer connecting rod is
connected to the moving contact assembly through the operating rod.
Thus, the movement of the contact and the transducer connecting rod
areessentiallyidentical.
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5. Channel Setup

In many circuit breakers, it is not possible to attach a transducer
connecting rod to a part of the circuit breaker mechanism that moves
directly with the main contacts. However, it should be possible to
connect the transducer connecting rod to another location in the
mechanism that moves in a secondary relationship to the main
contacts.

Under these circumstances, the displacement measured at the
transducer may be different than the actual displacement at the
contacts. Therefore, transducer scaling may be applied to the
measured displacement in order to properly relate it to the actual
displacement. For example, 3 inches of displacement measured at the
transducer may correspond to 6 inches of movement at the contacts.

Transducer scaling correlates rod travel to main contact travel, and
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.

Linear-to-Linear Transducer Scaling

Figure 86 shows an example of linear-to-linear transducer scaling.

Mation Channel Setup

Transducer Scaling

Channel Enable Molion Label Velocily Label Phase Transducer Type Molion Limits Molion Unils ks

Cornats

Wakie at
Transducer

Maton-l M [#] Travel 1 vel 1 Phase & % Lnsar ¥ (W] tnes v somin 6000
Motion2 v [ Travel 2 vel 2 Phase® linear W " [\7, ] unexr ¥ 3000 £.0001n
Mation-3 v & Travel 3 vel3 PhasaC W linsar ™ E:] Linesr &  2.000in £.0001n

Figure 86 Linear-to-Linear Transducer Scaling

In this example, the TDR9100 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 transducer scaling affects the resolution of
the measurement. Resolution is the smallest change in the
characteristic being measured that can unambiguously be detected in
a measurement process.

The following example underlines the importance of the transducer
resolution when linear-to-linear transfer scaling is used:

If the transducer connecting rod moves 10", these 10" are measured
with the resolution 0.00125" (according to the transducer specification).
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Figure 87 shows transducer scaling.

Mation Channel Setup
Transdwcer Scaling
Channel Enahle Mation Label Welocity Label Phase Transducer Type Mation Limeil ¢ Mation Units Wakie 2t Vakse 3
Transducer Contacs
Motion-l % Travel 1 vel 1 Phase A % Lliewr ™ - W] wee ~  voo0@ 30000
Motion2 % [ Travel 2 vel2 PhaseB = Linear - * W][-] teee  ~ 000N 300N
Motion=3 W = Travel 3 vel 3 Phase € » Linear v . !]i_i Lrear v 1.000in 30000

Figure 87 Transducer Scaling 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 transducer
scaling 3:1 is used, the resolution becomes 0.00125 x 3 = 0.00375".

Practical considerations associated with resolution limit the value of
transducer scaling values. The TDR9100 checks to ensure that
linear-to-linear transducer scaling is less than or equal to 50:1.
Rotary-to-Linear Transducer Scaling

Figure 88 shows an example of rotary-to-linear transducer scaling.

Motion Channel Setup
Transducer Scaling
Channel Enable - Motion Label - ¥elocity Label Phase Transducer Type - Motion Limits - Motion Units (T, R
Transducer Contacts
Motion-1 © » Travel 1 el 1 Fhase & w Rokary b A A E] Linear w 50.0% 1.000in
Motion-2 = w Travel 2 Vel 2 Fhase B w Rokary w x R E] Linear w 50.0% 1,000 in
Motion-3 © w Travel 3 vel 3 Phase C Rakary w * w E] Linear v 50.0% 1.000 in

Figure 88 Rotary-To-Linear Transducer Scaling

Rotary-to-linear transducer scaling is used when the manufacturer
provides specification for the linear motion of the contacts, but the only
physical access to the mechanism is to a rotary motion access point.
However, the only access to the mechanism consists of a rotary motion
access point (Figure 89).
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Contact
Figure 89 Transducer Wheel

Rotary-to-linear transducer scaling is also checked for the entry of a
ratio that is too large to be practical considering the resolution of the
transducer.

The correlation between rotary and linear measurement is correct at
only three points:

* Beginning (travel zero)
* End (total travel)
« Middle
Because the code wheel has a circumference of 5 inches, the default

value for rotary-to-linear transducer scaling using English transducer
units is 0.0139 in/1.00 ° ((or, 5 in/360 degree).

The following example underlines the importance of the transducer
resolution when rotary-to-linear transducer scaling 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 90).

Motion Channel Setup

Mation-1
Motion-2 = »
Mation-3 © w

Transducer Scaling

Channel Enable - Motion Label - ¥elocity Label Phase Transducer Type - Motion Limits - Motion Units

Walue at
Contacts

Walue at
Tranzducer

v D Linear — » 35.5%
» E] Linear — » 35.5%
v [-] tnewr v amse

Travel 1 Vel 1 Phase & W Rotary v ¥ 8.050in

Travel 2 Vel 2 Phase B Rotary v % 8.050in

8.0500n

Travel 3 Vel 3 Phase C Ratary w *

Figure 90 Rotary-To-Linear Transducer Scaling

This corresponds to a linear travel at the transducer end of:
35.5°/360 ° x 5" = 0.493".

doble

72A-3236-01

Rev. B 07/2013 107



TDR9100™ and T-Doble 3.3 Circuit Breaker Test System User Guide

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, give special consideration to transducers
with resolutions that exceed 0.00125".

Aux, Analog Tab

e “Event Channels and the Aux, Analog Tab” on page 108
* “Analog Channels” on page 111

e “Analog Scaling” on page 111

» “\Voltage Range Selection” on page 112

e “Current Selection for Probes” on page 112

o “Auxiliary Contact Channels” on page 113

e “Virtual Channels” on page 114

Event Channels and the Aux, Analog Tab

Programmable dual-function Event channels are a new feature of the
TDR9100 instrument. An array of six identical channels, the Event
channels can be set (in the test plan) to perform either the auxiliary
contact or analog measurement function. This array of six dual-function
channels is sometimes referred to as a 6A/X configuration (six analog
or auxiliary).

Previous TR and TDR instruments provided single-function Event
channels in a fixed array of three auxiliary-contact and three analog
channels (a 3A/3X [3 analog and 3 auxiliary] configuration).

The TDR9100 programmable Event channels are physically identical.
To distinguish them, they are labeled E1 through E6 (for Event-1
through Event-6) as shown in Figure 91.
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(

E"E””... ...
o ‘e00°

Figure 91 Event Channels on Front Panel of TDR9100

Activating and Assigning Event Channels

TDR9100 Event Channels are activated in the test plan from the Aux,

Analog tab.

As you activate each channel, T-Doble automatically assigns an

Event-n channel ID in the sequence in which the channel is added to

the test plan. You can use the Label field to add more identifying

information to each channel (Figure 92).

/FE]/Breake%est Plan }/Results ]/PE]/ Instrument }/Reporls %references}’ Help

Configure Analog and Auxiliary Channels [ Edit Plan I I New Plan J I Close I [ Save ]EJ I Run Test

Main Contact Channels ]/Momn Channe]yv Aux, _a_ng_lg_gﬁr’Test Setup ]/Tnenng. TJITIIJ']Q]/FHET. Trip ]/Notes ]

* Tests for TDRS000 and TDRS00 must use legacy naming (Analog-n, Aux-n)
Auxiliary Contact Channels

Channel Enable

Analog Channels
Analog Scaling
Channel Enable Phase Type Range Low Referance High Referznce
[ Vakue [ Vakue

] I
Virtual Channels

@ Enable Label Function Channel A Channel B Units

Tests for @ TDRS100 using more than 3 analog or aux channels must use new channel naming (Event-n)

Figure 92 Aux, Analog SubTab of Test Plan Tab

Reassigning Event Channel IDs

Event channels can be reassigned using the Channel pull-down menu

(Figure 94).

doble
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Auxiliary Contact Channels * Tests for TDR9000 and TDR9
Tests for a TDR9100 using mor
new channel naming (Event-n)

Channel Enable Label
Event-1 - Ei Enable multiple (ganged)
TDR9100 instruments
Event-1
halog Channels Event-2
Event-3
L
Channel En: Event-4 Phase Type Range owW|
Sensor
Event-5
Event-6
Virl
Event-7
E E Fungion Ghangel A
oy -
Event-18
Legacy IDs  »

Figure 93 Reassigning Event Channels

Be careful not to assign the same Event channel number to two or
more functions at the same time. Conflicting assignments are detected
as an error at test run time.

Doble strongly recommends that you use Event-n channel IDs in
TDR9100 test plans, even though legacy naming is available.
Assigning Legacy Channel IDs for Earlier TDR Instruments

You can assign legacy channel IDs (Aux-n, Analog-n) when creating
test plans for other TDR models with 3A/3X arrangements (Figure 94).

Auxiliary Contact Channels ;
n
Channel Enable Label
Event-1 v E
Event-1
Event-2
Event-3
@ Event-4 Al
( Event-5 A2
ol 4,
Event-17 Aux-14
Event-18 Aux-15
LegacyIDs » Aux-16

Figure 94 Assigning Legacy Channel IDs
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Analog Channels

Analog Scaling

Figure 95 shows the Analog Channel parameters and specifications.

~ Files ” Breakerlf Test Plan |’ Results |’ Blots) |’® Instrument ” Reports |’Preferences” Help

Configure Analog and Auxiliary Channels | Edit Plan ‘ | New Plan ‘ | Close ‘ | Save ‘B | Run Test ‘

Main Contact Channels Y—Motlon Channe\;}fAux. Analangest Setup rTnggermg, 'ﬁmmgr First Trip [ Notes

o 2 g 1 -

Analog Channels

Analog Scaling
Channel Enable Label Phase Type Range Low Reference. High Reference
Sensor Valiz Sensor Valiz Units

Analog-1 i Unassigned Voltage 300V oov .00V 3000V 300.00V v

Analog-2 Unassigned Voltage 300V ooV 0.00v 300.0V 300.00V v

A EEN
g
< ][«]
< ][«]
< ][«]

B3[BT

Analog-3 i Unassigned Voltage 300V oov .00V 3000V 300.00V v

Figure 95 Analog Channels

T-Doble scaling is a two-point, straight-line fit. The two points are
defined as follows:

» Low Reference Value—Identifies the value T-Doble is to report
(and plot) when the output of the sensor attached to the channel
is at zero.

» High Reference Value—Identifies the value T-Doble is to report
(and plot) when the output of the sensor attached to the channel
is at full range.

You can enter any unit in the Units column of the Analog Channels
table (see Figure 95). T-Doble automatically displays the correct value
in the Values column.

If you know that there are two values on the transducer, and the high
value doesn't correspond to full scale on the actual channel, you must
extrapolate.

For example, assume you know that a pressure gauge has this output
curve:

0 mV — 20 mV represents the range 10 - 25 mbar
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Voltage Range Selection

Using an analog channel set to 0.2 V range (for example, 10 x the
range of the 0.02 V sensor) and enter these values in the Analog
Scaling fields:

Low Reference Sensor—0.0 V
Low Reference Value—10

High Reference Sensor—0.2 V

High Reverence Value—250 (e.g. 25 mbar x 10)

Unit—mbar

The TDR9100 supports the following ranges:

0.2 V peak
0.5V peak
1.0 V peak
2.0 V peak
5.0 V peak
10.0 V peak
20.0 V peak
50.0 V peak
100 V peak
200 V peak
300 V peak

Note that the TDR900 and TDR9000 do not support all ranges. See the
appropriate user guide for more information.

Current Selection for Probes

The Doble Autozero probe (Doble P/N 401-0055) is recommended for
use with the TDR9100. It is a clip-on, Hall-effect probe with current

ranges 20 A and 200 A. The Doble Autozero probe provides 2 V output
on both ranges when current is at maximum.

T-Doble provides two current ranges to use with this probe:

Low —-20 A

High — 200 A
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You can select the Doble Autozero Probe in T-Doble (Figure 96).

/FE]/Breaker Test Plan }/Resu\ts W Instrument ]/Rep()ﬂs ]/Preferem:es’/ Help

Configure Analog and
Auxiliary Channels

| EditPlan | [ NewPlan | [ Close || Save |E| | Run Test |

Main Contact Channels]/Moliun Channel§yAux‘ Analug}/Tesl Selup]/Triggering, Tlming]/Firsl Trip ]’ ar

* Tests for TDR9000 and TDRI00 must use legacy namina

Tests for a TDR9100 using more than 3 analog or aux chal
new channel naming (Event-n)

Auxiliary Contact Channels

Channel Enable Label
Enable multiple (ganged)
TDR9100 instruments
Analog Channels

Channel Enable Label Phase Type Range L
Ser
Event-1 lz‘ v Unassigned El 300V lz‘ 0.0
« I ,
Voltage
Virtual Channels Custom Current Probe
Enable Label Function Channel A Channel E

] 11 3

Figure 96 Selecting the Doble Autozero Probe

You can also use an analog channel to measure current with any probe
that provides a voltage output. It is important to select appropriate
matching voltage ranges in T-Doble and on the probe itself.

Auxiliary Contact Channels

Figure 97 shows the parameters and specifications available for
auxiliary contact channels. The portion of the test plan activates and
labels the contact channels for auxiliary contacts being monitored.

Files " Breaker ) TestPlan } Resultz ¢ Plots ®\nstmmen‘

Configure Analog and Auxiliary Channels

Main Contact Channe\erot\on Channel;yAux. Analog | Test S

Auxiliary Contact Channels

Channel Enable Label
Aux-1 = Fl Aux-1
Aux-2 - £l A2
Aux3 = Fl Aux-3

Figure 97 Auxiliary Contact Channel — Parameters and
Specifications
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Virtual Channels

The Virtual channels enable you to apply mathematical functions to
selected analog channels. The following example uses division to
represent the calculated resistance (Q2) derived from Event-1 (DC
Voltage) and Event-2 (DC Current) (Figure 98).

Virtual Channels
Enable Label Function Channel A Channel B Units
[} Resistancde i (select function) : t Event-1 = Event-2 = Ohms
& = =
& A+B = &
‘a-B o L
A*B

Figure 98 Virtual Channels Table
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6. Setting Up Tests

NOTE  First Trip tests are distinctively different from the other circuit
| breaker tests. If you wish to perform a First Trip test, go directly
> to “First Trip Test” on page 137.

This chapter explains how to set up test parameters using the tables

found on the Test Setup tab. It contains the following sections:

“Test Setup Tab” on page 116
“Command Parameters” on page 117
“Trip Test” on page 118

“Close Test” on page 119

“TripFree (CO) Test” on page 120
“Reclosing (O-C) Test” on page 123
“C-O Test” on page 126

“O-CO and O-C-O Tests” on page 127
“Record Only (RO) Test” on page 133
“Trip/Close Ranges” on page 133
“Recording Parameters” on page 134
“Bounce Discriminator” on page 136
“First Trip Test” on page 137
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Test Setup Tab

The Test Setup tab of the Test Plan page provides access to the main
test parameters. See Figure 99

Files | Breaker

Test Plan
d, R

Results ¥ Plots /() Instrument |’ Reports ”Prefarencasr Help

Configure Ci

ding and M

Range Parameters

| EditPlan | | NewPlan | [ Close

Save

I [ lB [ Run Test

Main Contact Channels ]/Mouon Channels rAux, A.'iam_g)’

T/Tﬂggenng ﬂmmgr First Trip [ Motes

Test Type

Trip

Close

Reclose
-9

TripFree (CO)

o

Qo
oo
&0

Command Parameters

Pulse Duration

Trip Pulse

Close Pukse

Trip Pulse

Close Pulse

Close Pukse

Initial Trip

Close Pukse

£6.6 ms

1333 ms

£6.6 ms

1333 ms

1333 ms

66.6 ms.

1333 ms

(0 NN

Trip/Close Ranges

Sequencing

Cl

Recording Parameters

Trip Current

lose Current

sampling Rate 10 KHz [~]
ot 0-03s-c Sample Time
o ot Recording Time (sfter Trigger) 250000 ms

fsmples)

c>0 Standing e

Pretrigger Time 100 ms
Dalzy 8.3 ms (Samples)
a0 Dekay Bounce Discriminator
Delay w00ms [ Automatic

Delay 80 ps
0->C 0-03s-C
i and Ranges

Delay 1 300.0ms (TDR9000, TDR9100 only)
o0 Standing Low(10-4002) [r
R e Low(in-4002) ~ []

Cap:

acitance Range

High (300 - 10,000 pf)

Figure 99 Test Setup Tab of Test Plan Page
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6. Setting Up Tests

Command Parameters

The Command Parameters table lists the default Pulse Duration and
Sequencing parameters configured for each test See Figure 100 on
page 117.

Command Parameters

Test Type Pulse Duration Sequencing
Trip Trip Pulse 66.6 ms 3
Close Close Pulse 133.3ms :
Reclose Trip Pulse 66.6 ms : O-2C 0-03s5-C W
(0-0) Delay 300,0 ms
Cloze Pulse 133.3 ms = C-=0 Standing v
TripFree (COD)
Delay 8.3 ms
Cloze Pulze 133.3 ms % C-=0 Delay
C-0
Delay 100.0 ms :
Initial Trip 66.6 ms = O-=C 0-03s5-C W
0-co Close Pulse 133.3 ms : Celay 300.0 ms
0-c-0 C-=0 Standing v
Delay 8.3 ms

Figure 100 Command Parameters

General Note about Delay Parameters

Delay is the length of time after the inception of running a test before
the test condition, such as a trip pulse, is implemented.

Only the O-CO and O-C-O tests use Delay 1 and Delay 2 parameters:

» Delay 1 sets the time for a first test condition to be implemented.

» Delay 2 sets the time for a second test condition to be
implemented.
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Trip Test
During the Trip test, a single, user-specified command is issued to
open the circuit breaker. Figure 101 on page 118 shows a waveform
generated by the Trip test.
Trip Command
Total samples: 16,000 0 e ll‘mSampMm — 5 20 lm
< t >

t = Trip command pulse duration

Figure 101 Trip Command Pulse

Table 4 Trip Test Command Parameters

Command

Parameter Definition

Determines the duration of the trip pulse sent
to operate the trip circuit of the circuit breaker.
Trip Pulse Default values are:

¢ 66.6 ms for 60 Hz
* 80 ms for 50 Hz
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6. Setting Up Tests

Close Test
During the Close test, a single, user-specified command is issued to
close the circuit breaker. Figure 102 on page 119 shows a waveform
generated by the Close test.
Close Command
Total samples: 16,100 ’ * “ Sample time in :TDS - = IW'
< t > .
{ = Close command pulse duration

Figure 102 Close Command Pulse

Table 5 Close Test Command Parameters

Command
Parameter

Definition

Determines the duration of the close pulse sent to
operate the close circuit of the circuit breaker. Default

(Pllolse values are:

se

u . 133.3 ms for 60 Hz
* 160 ms for 50 Hz
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TripFree (CO) Test

During the TripFree test, dual, user-specified commands are issued to
close the circuit breaker and open it shortly after. Figure 103 on
page 120 shows a waveform generated by the TripFree test.

< t >

Close Command

Trip Command

0 - —

T T T T T
50 100 150 200 250
Sample time in ms millisecond (ms) >

o
Total samples: 16,100 ‘

SN <td_ 1 = Close command pulse duration
ty = Time delay

Figure 103 TripFree Command Pulse

Table 6 TripFree Test Command Parameters

Command
Parameter

Definition

Determines the duration of the close pulse sent to
operate the close circuit of the circuit breaker. Default
Close Pulse | Values are:

* 133.3 ms for 60 Hz

* 160 ms for 50 Hz
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Table 6 TripFree Test Command Parameters (Continued)

Command

Parameter Definition

Determines when the trip pulse is initiated. There are
three values:

» Standing—See “CO Parameter: Standing Option”

co on page 121

* First Touch—See “CO Parameter: First Touch
Option” on page 121

» All Close, Any Phase—See “CO Parameter: All
Close, Any Phase Option” on page 122

CO Parameter: Standing Option

The Standing option initiates 0.5 cycles (8.3 ms for 60 Hz and 10 ms for
50 Hz) after the close pulse and continues for the duration of the test
(Figure 104). When Standing is selected, you cannot edit the Delay

value.
Test Type Pulse Duration Sequencing
Close Pulse 133.3 ms - C-50 Standing v
TripFree (CO)
Drelay 8.3 ms

Figure 104 TripFree Standing

See Figure 103 on page 120 for a TripFree command pulse with a
delay of 8.3 ms.

CO Parameter: First Touch Option

There is no delay. 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 105).

Close Pulse 133.3ms - C-=0 [ First Touch vl
TripFree {(CO)

Figure 105 TripFree First Touch
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Figure 106 shows how the Trip command is started when Contact 1lin
Phase A makes a first touch.

Close Command

Trip Command

OCB Contads
ORC

OCB Contads
0-R-C

OCB Contads
ORC

T T T T T T
50 100 150 200 250 300

T .
350
Total samples: 16,000 T Samp%ﬁm in ms millsecond (ms) |

‘47 Close time —ﬂ

Phase A

1 = Close command pulse duration
Default duration t = 133.3 ms for 60 Hz

Figure 106 TripFree Started by Contact 1 First Touch

CO Parameter: All Close, Any Phase Option

There is no delay. The trip pulse is applied when all main contacts are
closed for any phase. The first completed phase triggers the trip pulse.

Close Pulse 133.3 ms [ -2 all Close, An... w

w

TripFree (CO)

Figure 107 TripFree All Close, Any Phase
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6. Setting Up Tests

Reclosing (O-C) Test

During the Reclosing test, dual, user-specified commands are issued
to open the circuit breaker and then close it shortly after. You can select
a delay to specify the time to initiate the close pulse. Figure 108 shows
a waveform generated by the Reclosing test.

td
—p ¢

Close Commiand

Trip Command

0

r T T T T T T T T
0 0 ] 50 50 100 120 140 150
Total samples: 16,000 | Sample time in ms milisecond {ms) hd

< t >

t = Trip command pulse duration

td = Time delay

Default duration t = 66.6 ms for 60 Hz
Default duration td = 300 ms for 60 Hz

Figure 108 Reclosing Command Pulse

Table 7 Reclosing Test Command Parameters

Command

Parameter Definition

Determines the duration of the trip pulse sent to
operate the trip circuit of the circuit breaker. Default
Trip Pulse | Values are:

* 66.6 ms for 60 Hz
* 80 ms for 50 Hz
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Table 7 Reclosing Test Command Parameters (Continued)

Command Definition
Parameter
Determines when the close pulse is initiated. There
are three values:
O-C * O-0.3s-C—See “O-C Parameter: 0-0.3s-C
Option” on page 124.
* Delay—See “O-C Parameter: Delay Option” on
page 125.

O-C Parameter: O - 0.3 s - C Option

The O - 0.3 s - C parameter performs a Reclosing test with a 300 ms
delay after test initiation. This delay value cannot be edited.
(Figure 109).

Test Type Pulse Duration Sequencing
Reclose Trip Pulse g6.6ms 3 O-»C 0-03s5-C ¥
{0-C) Delay 300.0 ms

Figure 109 Reclosing O-0.3s-C
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6. Setting Up Tests

Figure 110 shows how the O - 0.3 s - C Close command is delayed.

td >

Close Command

Trip Command

o4

Total samples: 6,000

Sample time in ms

{ = Trip command pulse duration

td = Time delay for close pulse
Default duration t = 66.6 ms for 60 Hz
Default duration td = 300 ms

Figure 110 Reclosing O - 0.3 s - C Operation

O-C Parameter: Delay Option

The Delay field appears when you select Delay in the O—C field. After
test initiation, the close pulse is applied after the specified delay time
(0.0 to 1600 ms; default value is 8.3 ms) and continues for the duration
of the test (Figure 111).

Command Parameters

Test Tvoe Pulse Duration Sequencing
Redose Trip Pulse 250.0 ms '— Q- Delay =]
(0-0) Delay 00.0ms [N

Figure 111 Reclosing with a User-defined Delay of 300 ms
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Figure 112 shows a Reclosing delay with a default delay of 300 ms.

Trp +e—— 250 ms —s

Close

+—— Delay 1 E——
300 ms '

Figure 112 Reclosing Delay Operation

C-O Test

During the C-O test, dual, user-specified commands are issued to
close the circuit breaker and then open it shortly after. The user can
configure a delay to occur after test initiation, before the trip pulse is
applied. Figure 113 shows a waveform generated by the C-O test.

< t >

Close Commiand

Trip Command

0

T T T T T T T T T T T T
2 0 &0 80 100 120 140 160 180 200 20 240

0
Total samples: 5,000 | Sample time in ms milisecand (ms) -

t = Close command pulse duration

td = Delay time for trip pulse initiation
Default duration t =133.3 ms for 60 Hz
Default delay duration td = 100 ms

Figure 113 C-O Command Pulse
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6. Setting Up Tests

Table 8 C-O Test Command Parameters

Command

Parameter Definition

Close Pulse | Determines the duration of the close pulse sent to
Duration operate the close circuit of the circuit breaker.

C->0 Determines the delay of the trip pulse after test
Sequencing | initiation (0.0 to 1600 ms; default is 100 ms).

After test initiation, the trip pulse is applied after the specified time
delay (0.0 to 1600 ms) and continues for the duration of the test
(Figure 114).

Command Parameters

Test Type Pulse Duration Sequencing

Close Pulse 1333ms C-30 Delay
c-0 - .
Dalay 100.0 ms =

Figure 114 C-O Delay of 100 ms

The delay length default value is 100 ms.
Figure 115 shows how the C-O command is delayed.

—_-1' Delay |=—
Trip 1100 ms
—

i

i

i

— 133.3ms [=—
Close |
i

Figure 115 C-O Delay Operation

O-CO and O-C-O Tests

The O-CO and O-C-O tests are multi-operation tests controlled by dual,
user-specified commands: open-close-open. Timing delays of 55 ms or
greater can be configured and applied. The 55 ms minimum value is
required by legacy equipment used by some Doble clients.
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Figure 116 shows a waveform generated by the O-CO and O-C-O
tests.

td,

> <

Close Command

Trip Command

od

T T T T T
50 100 150 200 250

o M
Total samples: 16,000 Sample time in ms millisecond (ms) A

tdl = Time delay 1 for close pulse
'[d2 = Time delay 2 for second trip pulse

Figure 116 O-C-O Command Pulse

Table 9 O-CO and O-C-O Test Command Parameters

Command

Parameter Definition

Determines the duration of the trip pulse sent to

Trip Pulse operate the trip circuit of the circuit breaker.

Determines the duration of the first trip pulse sent to
operate the trip circuit of the circuit breaker. Default
Initial Trip | values are:

* 66.6 ms for 60 Hz
* 80 ms for 50 Hz

Close Determines the duration of the close pulse sent to
Pulse operate the close circuit of the circuit breaker.
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Table 9 O-CO and O-C-O Test Command Parameters (Continued)

Command

Parameter Definition

Determines when the close pulse is initiated:

* O-0.3s-C—Delay cannot be edited.

» Delay—Initiates a Close after the time entered in the
O-C Delay Length field measured from test initiation (0.0
to 1600 ms; default is 8.3 ms). The Delay Length
field appears when you select Delay in the O-C
field.

Determines when the open pulse is initiated. There are
four values:

» Standing—See “CO Parameter: Standing Option”
on page 129

» First Touch—See “CO Parameter: First Touch
Option” on page 130

» All Close, Any Phase—See “CO Parameter: All
Close, Any Phase Option” on page 131

* Delay—See “CO Parameter: Delay Option” on
page 132

CO

CO Parameter: Standing Option

A trip command of a specified duration (8.0 to 1600 ms) is applied to
the circuit breaker at time zero (Figure 117). The second trip command
is applied to the circuit breaker delayed by 8.3 ms after the initiation of
the close command and is left on for the remainder of the test. For the
Standing option, the Delay 2 value is fixed at 8.3 ms and cannot be

edited.
Command Parameters
I Test Type Pulse Duration Sequencing
Initial Trip 500ms [ O-5C Delay v
e Close Pulse 1333ms  [H  Delayt 3000ms [
O=C40 C->0 [ Standing j
Delay 2 8.3 ms

Figure 117 O-C-O Standing
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The minimum Delay 2 value is calculated as follows:

» 60 Hz—Delay 2 > 55 ms + (Trip pulse — 8.3 ms)
e 50 Hz—Delay 2 > 55 ms + (Trip pulse — 10 ms)

Figure 118 shows an O-C-O command pulse with a a Reclose (O-C)
Delay 1 of 300 ms and a standing TripFree (C-O) Delay 2 of 8.3 ms.

Trip &—— 250 ms —=

133.3 mMS |

i
Close — i
+— Delay 1 E—
300 ms "
Delay 2
8.3 ms

Figure 118 O-CO Standing Delay Operation

CO Parameter: First Touch Option

A trip command of a specified duration is applied to the circuit breaker
at time zero (Figure 119). 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.

Command Parameters

Test Type Pulse Duration Sequencing
Initial Trip 250.0 ms .:_ Ol Delay ‘

0-co Close Pulse 1333ms [ Delay 1 3000ms [
o C-=0 | First Touch El

Figure 119 O-C-O First Touch

The minimum Delay 1 value can be calculated as follows:
Delayl > Trip Pulse + 55 ms
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6. Setting Up Tests

Figure 120 shows how O-C-O works when First Touch is selected for
the TripFree operation (C-0O). In this figure, the Reclose (O-C) Delay 1
value is 300 ms, and the Trip Command is initiated at the first contact
detected on EHV Channel 1, Phase A.

Trip e——250ms —

133.3
ms

N\

Close : *

c 300 ms '
A-EHV1 R
(@]

|
|
|
|
|
|
|
|
j+— Delay 1 ——=
|
|
|
I
|
|
|
|

First
Touch

Figure 120 O-C-O First Touch Operation

CO Parameter: All Close, Any Phase Option

There is no delay. The trip pulse is applied when all main contacts are
closed for any phase. The first completed phase triggers the second
Trip pulse.

Command Parameters

Test Type Pulse Duration Sequencing
Initial Trip 2500ms [ O->C Delay -
0-Co Close Pubse 133.3 ms -;— Delay 1 3000ms |
0-C-0

C-»0 All Close, Any... | =

Figure 121 TripFree All Close, Any Phase
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Figure 122 shows how O-C-O works when All Close, Any Phase is
selected for the Trip Free operation (C-0O). In this figure, the Reclose
(O-C) Delay 1 value is 300 ms, and the Trip Command is initiated
when all of the contacts close in any phase. For this example, B and C
phases are not shown, and it is assumed that A phase contacts close
first. The Trip Command is initiated when closure is detected on EHV
Channel 2, Phase A.

Trip 1+—— 250 ms —

1333 e
S

—

i
i
i
i
|
+——— Delay 1 —HI i
i
i
i
i
i
i

i
C\ 300 ms !
A-EHV1 R E_Ll
(o)
| |
Ci
A-EHV2 R
O!
All
Contacts
Closed

Figure 122 O-C-O All Close, Any Phase Operation

CO Parameter: Delay Option

After the initiation of the Close command, the specified time delay
(Delay 2) occurs, and then the second trip command is applied to the
circuit breaker and is left on for the remainder of the test.

Command Parameters
Test Type Pulse Duration Sequencing
Initial Trip 250.0 ms '-E- O->C Delay x
e Close Pulse 133.3ms [ Delay 1 300.0 ms ~—
0-c-0 C-»0 Delay bt
Delay 2 1000ms [

Figure 123 TripFree Delay
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The TDR9100 imposes a maximum Delay 1 length based upon the
duration of the Trip Pulse, as shown here:

Delay 1 length < 55 ms + Trip Pulse
The minimum Delay 2 length can be calculated as follows:
Delay 2 length > 55 ms + (Trip pulse — Delay 1 length)

Figure 124 shows how the TripFree delay works.

Trp ——250Ms —

Close [

ms

i
i
i
|
;
+— Delay 1 ——— Delay 2 i

i
i
i
|
i _J] 1333
I
' 300 ms ‘100 ms "

Figure 124 TripFree Delay Operation

Record Only (RO) Test

The Record Only test is a convenience for users who may wish to
record activity on main contacts, resistor contacts, analog channels,
and so on, without using the Trip/Close sequence commands.

For example, you can configure this test to record a Slow Close test.
Record Only is selected from the Run Test menu.

Trip/Close Ranges

To maximize the resolution for all range selections, use the lowest
practical range for the expected measurement. For example, if the
expected maximum current is 14 amperes, select the 0-20 A range to
achieve the greatest resolution without clipping. The Trip Current and
Close Current ranges are identical: 0.2 A, 0.5A, 1.0A, 2.0A,5.0A, 10
A, 20 A, 50 A, and 100 A.

Trip/Close Ranges

Trip Current 20 4 v

Close Current 204 b

Figure 125 Trip/Close Range
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Recording Parameters

Recording Parameters
Sampling Rate 10 KHz EI
Sample Time 0.1 ms
Recording Time (after Trigger) 1600.0 ms
(Samples) 16000
Pretrigger Time 10.0 ms
(Samples) 100

Figure 126 Recording Parameters

To control the test recording, you can configure the Sampling Rate,
Recording Time, Pretrigger Time, and Samples values. When one of
these values is configured, the information associated with it adjusts
automatically.

Sampling Rate

The Sampling Rate field sets the frequency at which the conditions
sensed on the TDR9100 measurement channels are sampled. A
higher sampling rate results in finer resolution of measurement, but
also generates larger results files and longer data upload times. The
default Sampling Rate is 10 kHz. The related Sample Time field
displays the time period between consecutive samples at the set
sampling rate.

When the Sampling Rate value changes:

» Sample Time (sample period) is recalculated
* Recording Time (recording duration after trigger) is adjusted

» Samples (number of samples in the recording) remains the
same

» Pretrigger Time (recording duration before trigger) is adjusted

» Samples (number of samples in the recording) remains the
same
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Recording Time

The Recording Time field sets the length of time during which data will
be recorded after the triggering event occurs. The default Recording
Time is 1600 ms. The related Samples field displays the number of
samples resulting from the set Recording Time at the set Sampling
Rate.

When Recording Time value changes, Samples (humber of samples in
the recording after the trigger event) is adjusted.

Pretrigger Time

The Pretrigger Time field sets a length of time during which data will be
recorded before the triggering event occurs. The default Pretrigger
Time is 10 ms. Pretrigger Time can be used with any test type, but is
often used with externally triggered tests where the available trigger
signal will occur after something else of interest is expected to occur.

When Pretrigger Time changes, Samples (number of samples in the
recording before the trigger event) is adjusted.

Samples

Both the Recording Time and the Pretrigger Time values can also be
configured by adjusting their related Samples fields.

* When Samples is adjusted under Recording Time, Recording
Time is adjusted

* When Samples is adjusted under Pretrigger Time, Pretrigger
Time is adjusted

channel. Table 10 shows the relationship between sampling rate and

w NOTE: The maximum sample length of arecording is 524,288 samples per
maximum recording time.
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Table 10 Sampling Rates and Maximum Recording Times

Maximum Total
, : Recording Time
Sampling Maximum .
Rate Samples (Before and After Trigger)
In Seconds In Minutes
20 kHz 26.2 -
10 kHz 524 -
524288
1000 Hz 524.3 8.7
100 Hz 5242.9 87.3

Bounce Discriminator

The Bounce Discriminator is a digital filter that distinguishes between
real contact activity and cross-coupled signals with 2 ps resolution.
When a bounce is detected, it triggers the Bounce Discriminator, which
sets up a window in time equal to the Bounce Discriminator filter time.
Bounces with durations equal to or greater than the Bounce
Discriminator filter time are passed through and stored in memory as
valid contact data, while bounces with durations less than the Bounce
Discriminator filter time are rejected and not recorded.

The Bounce Discriminator filter time can range from 4 ps to 100 ps.
Select the Automatic option to set the Bounce Discriminator filter time
to 60 us, which is optimal for most applications.

Bounce Discriminator

Automatic E
Delay 60 ps

Figure 127 Bounce Discriminator
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First Trip Test

The First Trip test uses the analog and auxiliary channels of the
TDR9100 to capture operational data for circuit breakers that are in
service and have been idle for long periods of time. The test detects
lubrication problems and other incipient failure modes. Because
breakers often operate properly after the lubricant has been exercised
by a test, only the First Trip test can detect incipient lubrication
problems.

CT secondaries can be used as the signal source instead of the main
contact test cables, because the main contacts are energized. In
consequence, phase current waveforms replace the usual main
contact and resistor contact timing measurements.

Breakers Eligible for First Trip Testing

The TDR9100 can perform First Trip testing on IPO circuit breakers as
well as those with a single mechanism for the three phases. As long as
safe access is provided, additional signals such as motion and velocity
can be included in the test. However, because of safety factors, it is not
common practice to measure motion and velocity during First Trip
testing.

Data Integrity and Interpretation

To preserve the integrity of data, First Trip tests are performed on
circuit breakers that are in service. Clip-on Doble probes and voltage
probes monitor the DC battery voltage, phase currents, trip coil
currents, and auxiliary contacts. An external signal triggers the
recording when the circuit breaker is operated.

First Trip test results are analyzed by comparison to subsequent test
results.

Safety Considerations for First Trip Tests

First Trip testing involves making connections inside the control cabinet
of a live circuit breaker.

WARNING!

VAN

Do not use main contact test cables (EHV or OCB) during First Trip tests
for any reason!
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Please keep the following recommendations in mind:

Doble recommends that you operate the circuit breaker
remotely and use the external trigger feature of the
TDR9100. For this reason, the instructions in this guide assume
that you are using the external trigger.

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 tests, while the breaker is de-energized, find a spot
on the circuit breaker's mechanism and permanently install a
motion transducer for use in a future First Trip test.

Take every opportunity when the circuit breaker is
de-energized to make adjustments, such as adjusting wiring
to accommodate clip-on probes.

Configuring a First Trip Test

It is advisable to have a separate test plan for a First Trip test.

To configure a First Trip test, enter data in the following parts of the
T-Doble interface:

Breaker page, Nameplate tab—Include at least the
manufacturer, model number, serial number, special ID, if any,
and location. In the Description field, Doble recommends that
you indicate that this test plan is for a First Trip test.

Test Plan page, First Trip tab—Make these selections:
Trip Command (Recording Trigger)
Aux Contact Channels to use an auxiliary contact channel

Transition

* Open—Closed

* Closed-Open

*  Wet-Dry

*  Dry—Wet

* Any change

The trigger event is the change of state the TDR9100 is
expecting to see before recording the test data. During a First
Trip test, the closing of the 52CS/T contacts initiates the
recording. Or, the 52X/Y/a/b auxiliary contacts may be used as

a trigger source with pretrigger time included to ensure that the
entire event is captured in the recorded test results.
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6. Setting Up Tests

» “Aux Contact” trigger source—To use the “Aux Contact” trigger
source, click the First Trip tab. In the Channel column, select
Aux Contact Channels and select an existing channel (see
Figure 128). Or, select, Add New Channel and create a new

channel.
2 New Test Plan2 - T-Doble =Ry X
/FE]/ Breaker )" Test Plan ]/Resu\ts }/HDT]/@ Instrument ]/Reporis ]/Isreferem:es’/ Help
Configure First Trip Parameters ‘ Edit Plan | ‘ New Plan ‘ ‘ Close ‘ ‘ Save ‘El ‘ Run Test |

Main Contact Channels}/Mnlinn Channels}/Aux, Anak)g]/Test Selup]/Triggenng, ﬁming)/ First Trip } Notes

First Trip (Breaker in Service)

Channel Label
First Trip Recording Trigger * iz
Analog Channels >
Trip Coil Current ~ ~ Eventi . Aux Contact Channels » Event-3
Station Battery Monitor Event-2
External Trigger (TDR 9000 Only) Event-4
Main Contact Current Channels (C/T)
Event-5
Number Channel Label Phase
1 - El Add New Channel  »
=
) Value is less than 100V [
Contact is open when e meoeoe e e e e
For at least (duration) 30.0 ms

* This template supports the typical needs of a FirstTrip test. Additional measurement channels, such
as Analog and Auxiliary, can be added to the test from the 'Analog, Aux' tabs.

Figure 128 First Trip (Breaker in Service)

Select the pre-trigger time or leave it at the default (see
“Recording Parameters” on page 134). However, to capture the
entire recording, it is recommended that pre-trigger time be
longer than the opening time of the AUX contact.

» For each current or voltage waveform to be measured, activate
an analog channel and give it a label and a phase in the Main
Contact Current Channels (C/T) table of the First Trip tab
(Figure 129). All analog currents are measured using Doble
probes. The DC supply voltage is measured with an analog
voltage channel. Activate only the channels being used.
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Main Contact Channels}/Molmn Channels}/Aux, Anak)g]/Tesl Selup]/Triggenng, ﬁming)/Firsl Trip T Notes

First Trip (Breaker in Service)

First Trip Recording Trigger

Trip Coil Current

Channel Label
-

Event-1

Station Battery Monitor

[=]
Event2

Main Contact Current Channels (C/T)

Number
1

Channel Label

-

Phase

Contact is open when

Value is less tf Analog Channels  » Ergreil
For at least (duration) 30.0ms

* This template supports the typical needs of a FirstTrip test. Additional measurement channels, such Event-4

as Analog and Auwxdliary, can be added to the test from the 'Analog, Aux' tabs.

Event-2

Event-5

Event-6

Add New Channel  »

Figure 129 Main Contact Current Channels

Instrument Connections for First Trip Tests

Table 11 lists the connections to the TDR9100 required for a minimum
set of channels. This is an external trigger test, so no Trip/Close control
cable is used. Additional pretrigger time may be required, depending
on the auxiliary contact used for the external trigger.

Table 11 Minimum Set of Channels

. Instrument
Item Signal Type Connection
Phase Current*
1 (from CT secondary) Analog Event
2 Trip coil current Analog Event
3 DC Supply voltage Analog Event
52X, 52Y, 52A, 52B,
4 or 52CS/T contact Auxiliary Contact | Event
state

*Optionally, measure all three phase currents if channels are available.

140

72A-3236-01

Rev.B  07/2013 (2/&I0y
et b



6. Setting Up Tests

Making Circuit Breaker Connections

Leads for measuring the main contact current are connected via clip-on
probe to the current transformer (CT) secondary for 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 TDR9100 so that cable
lengths suffice to make the connection.

NOTE: Before using the Doble Current Probe (P/N 401-0055), please review
“Doble Probe” on page 164 for information about proper use, including
zeroing and overriding the power-save mode.

To make connections to the breaker:
1. Connect the test set ground to the TDR9100 and then to the ground
grid.

2. Connect the AC power cord to the TDR9100 and then to the supply
receptacle.

3. For each phase current being measured:

a. Connect an analog test cable to the Event Analog channel on
the TDR9100 according to the test plan.

b. Connect the cable to a Doble Current Probe.

Clip the probe onto the CT secondary. See “Doble Probe” on
page 164 for important information about correct use of the
Doble Current Probe.

4. For the selected trip coil:

a. Connect an analog test cable to the Event Analog channel on
the TDR9100 according to the test plan.

b. Connect the cable to a Doble Current Probe.
c. Clip the probe to the trip coil circuit.
5. For the DC supply voltage measurement:

a. Connect an analog test cable to the Event Analog channel on
the TDR9100 according to the test plan.

b. Connect the cable across the DC supply switch.

6. For the external trigger input and other auxiliary contact timing
measurements:
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a. Connect an event test cable to an Event Auxiliary channel on
the TDR9100 according to the test plan.

Connect the cable across the selected relay contacts.

For the auxiliary contact acting as the external trigger for the
test, ensure that the selected channel has been set as the
external trigger in the test plan.

Disconnecting After a First Trip

To disconnect after a First Trip test (if no further tests will be
performed):

1. Turn the TDR9100 power switch to OFF.

2. Disconnect all cables and probes from the circuit breaker, CTs, and
control circuits. Lay all cables on the ground.

3. Disconnect all test cables from the TDR9100.

Unplug the TDR9100 AC power cord from the supply receptacle
and then from the TDR9100.

5. When all other connections have been removed, disconnect the
ground cable from the ground grid and then from the TDR9100.
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7. Triggering and Timing Setup

This chapter describes the parameters found on the Triggering, Timing
tab of the Test Plan page. It contains the following sections:

» “Test Triggering Setup” on page 143

* “Timing Reference Setup” on page 145

» “Selecting a Timing Reference for Tabulating Test Results” on
page 146

Test Triggering Setup

The Test Triggering feature (Figure 130) enables you to initiate a test or
recording using either the default internal trigger, or an external trigger
such as a command from a remote control-room.

Test Triggering

Channel

Test/Recording Trigger (except First Internal (When Test Starts) ~

I
Figure 130 Test Triggering

There are three trigger types:

* Internal (when test starts). This is the default.
* Analog (external).
* Aux Contact (external).

Internal Triggers

When an internal trigger is used, tests are initiated by the TDR9100
and T-Doble software, based on the “Run Test” function and the
condition of the TDR9100 safety switch or safety bypass flag. Internal
trigger mode can be used for all test types, including breaker control
(Trip/Close sequence) tests and Record Only tests.
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Analog (External) Triggers

Any analog Event channel can be selected and used to initiate a test
based on detecting an external voltage level (Figure 131). To do this,
select (or add) an analog Event channel as the test/recording trigger,
and configure a threshold setting. Once the system is armed through
the “Run Test” function, the test is initiated if the value detected on that
channel exceeds the set threshold. When the analog Event channel is
configured on the Aux, Analog tab, the threshold can either be a
voltage value (Figure 131) or a current value (Figure 132).

Test Triggering

Channel

Test/Recording Trigger {except First Trip) Event-1 w

Threshaold {max: 300V) i0.00V =

Figure 131 Analog Event (Voltage) External Trigger Settings

Test Triggering

Channel

Test/Recording Trigger (except First Trip) Event-1 LV

*

Thrashald {mase: 300V) 2.00 A

4

Figure 132 Analog Event (Current) External Trigger Settings

Aux Contact (External) Triggers

Any Auxiliary Contact Event channel can be selected and used to
initiate a test (Figure 133). To do this, select (or add) an auxiliary
contact Event channel as the test/recording trigger, and configure a
state transition for detection of the triggering event. The transition can
be one of five types:

* Opento Close

* Closed to Open

* Wetto Dry

* Dryto Wet

* Any Change
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7. Triggering and Timing Setup

NOTE

NOTE

Test Triggering
Channel

Test/ Recording Trigger (except First Trip) Event-2 ~
Transitior Any Change (-

Figure 133 Aux Contact Event External Trigger Settings

The AUX Contact Trigger In channel is designed to work in a
substation using station battery voltages of 38 V DC or higher.
Voltages less than 38 V DC may not meet the threshold
requirements of the “wet” state.

For more information, see “Auxiliary Contact Channels” on page 113.
“Pretrigger Time” on page 135 describes the pre-trigger data
functionality available for this test.

For a test tabulation of an externally triggered test to be
meaningful, the TO (trigger event) and the circuit breaker
activation must coincide.

When any external trigger is used, the internal command parameters
(whether default values or values set by the operator) are effectively
disabled, because the command to operate originates externally.

Testing using an external trigger gives the user a way to verify that the
remote command of the circuit breaker is functioning correctly.

Timing Reference Setup

The Timing Reference Setup table sets the initiation point for each
timing event. Each event can be configured separately, as shown in
Figure 134.
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Timing Reference Setup
Test Type Timing Reference Dretail

Trip Internal {when Test Starks) w
Close Internal (when Test Starks) w
Reclose {O-C) Internal {Wwhen Test Starks) W
TripFree (C00 Internal (When Test Skarks) w
-0 Internal (When Test Skarks) w
Q-0 Internal (when Test Skarks) w

Figure 134 Timing Reference Setup

The Detail fields set these possible parameters of the selected initiation
point:

» Test Initiation—Internal (When Test Starts)

* Threshold—Trip Current, Close Current, and Analog Channel
* Transition (Change of State)—Auxiliary Contact Channel

These settings affect how timing results are tabulated; you can use
these settings for any type of test.

Selecting a Timing Reference for Tabulating Test Results

Use the Timing Reference Setup table (Figure 135) to select a
reference for tabulation.
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7. Triggering and Timing Setup

< New Test Plan2 - T-Doble = | B S|
/FE]/ Breaker ) Test Plan ]/Resu\ts Plots (') Instrument ]/Repuns ]/F‘referem:es’f Help

Configure Triggering and Timing F

e e L [ EditPlan | [ NewPlan | [ Close | [ Save ]E] [ Run Test |

Main Contact Channels}/Mulion Channels}/Aux, Analog]/Test SelugyTriggenng ﬁmingt First Trip -

Test Triggering

Channel
Internal (When Test Starts) w

Test/Recording Trigger (except First

Timing Reference Setup

Detail

Test Type Timing Reference
Trip Internal (When Test Starts) v
Close Internal (When Test Starts) ~ Internal (When Test Starts)
Reclose (O-C Internal (When Test Starts N
©9 ¢ ) Y Trip Current
TripFree (CO) Internal (When Test Starts) v
co Internal (When Test Starts) Analog Channels Event-1
0-co Internal (When Test Starts) Y Aux Contact Channels » Event-2
Event-4
Trigger Out (TDR9000 Only) Event-5
Enable Pulse width Polarity Delay Event-6
= 66.6 Ms 2 Active Closed Iz‘ 0.0 ms =H
Add New Channel  »

J

Figure 135 Selecting a Timing Reference for Tabulation

Main contact timing tabulation can be initiated from the following timing
event selections:

» Test Initiation (TO)

* Trip Current

* Close Current

* Analog Channels

* AUX Contact Channels

:

NOTE
Changing the close timing event affects only the tabulated test results for
| a Close test; the plots are not affected.
o
Test Initiation
Timing a Close test from test initiation is achieved using the close pulse
and Timing Event parameters (Figure 136).
Test Type Pulse Duration
Close Close Pulse 133.3ms o
Figure 136 Close Parameters
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Figure 137 shows how timing works for test initiation. The times t, and
t, indicate the following:

* t,—The time required to close the main contact. The close time
is measured from the test initiation.

* t,—Thetime required to close the resistor contact. The close
time is measured from the test initiation. (If the Relative to Test
Initiation option is selected in Resistor Contact Timing
Specification, see “Resistor Timing — Close” on page 69.)

EHV Contacts
0O-R-C

o 2 P @ © 10 P P P 180
Total samples: 16,000 Sample time in ms

< t, q
< t,

t, = Closing time resistor contact
t, = Closing time main contact

Figure 137 Close Time

Close Current Magnitude

Timing a close test based on close current magnitude is achieved
through a combination of the Close Pulse, Timing Event, and Timing
Trigger parameters (Figure 138).
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7. Triggering and Timing Setup

Configure

/FE]/B’eake%eﬂ Plan ]/Results Flots () Instrument ]/Repons ]/Preferences)’ Help

Triggering and
Timing Reference

| Edit Plan H New Plan ||

Close ‘ | Save

|B| Run Test |

Parameters

T =

Timing Reference Setup

Main Contact Channe\erotion ChannelsrAux. Analongest SetuV@I_r_ig_gg_r_i_r]_g,___'!'_\__rjj_\__rj_g_@ First Trip [ Mot 4 *
|

Test Type Timing Reference Detail
Trip Internal (When Test Starts) v
Close Close Current + : Threshold (max: 20A) 2.00 A
Reclose [0-C) Internal (When Test Starts) v
TripFree {CO) Internal (When Test Starts) ~
c-0 Internal (When Test Starts) w
0-co Internal v

Figure 138 Select Close Current and Threshold Value

The timing trigger value is set by selecting a threshold current (A).

The selection made calculates the timing of the main contact (t,) and
resistor contact (t,) (Figure 139 on page 150) after the close current
reaches the specified threshold value (1.5 A in this example), if the
Relative to Test Initiation option is selected as shown in “Resistor

Timing — Close” on page 69.

It is important to select a threshold current that is less than the
maximum value of the close current.
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Close current
Threshold current = 1.5 A

Close Current

_/"'
A

0CB Contads
0-R-C

OCB Contads
ORC

OCB Contads
ORC

0
Total samples: 16,000

T T T T T
10 20 30 0 50
Sample time in ms

T T T
50 70 80

T
90
millsecand (ms) &

< t

>

{ = Close time from
close current measurement

Figure 139 Close Timing from Close Current Measurement
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7. Triggering and Timing Setup

Analog: Voltage or Current Magnitude

Timing a close test based on voltage or current magnitude for a
particular channel is achieved through the combination of the Close
Pulse, Timing Event, Timing Trigger, and Timing Channel parameters

(Figure 140).

:]/E)reake%esl Plan ” Results ” Plots ”@ Instrument }/Reparts ]/PreferenceSI’ Help

gure Analog and Auxiliary Channels

[ EditPlan | [ MewPlan | [ close ||

Save ]B[ Run

in Contact Channels rMotmn ChmneltyAux. Analog r— Test Setup Y—Tnggenng, ﬂn‘ungr— First Trip [ Motes

* Tests for TORS000 and TDRIDD must use legacy naming (Analog-n, Auc-n]
Auxiliary Contact Channels
Tests for @ TOR3100 using more than 3 analog or aux channels must use new channel naming (Ever|
=) Channel Enable Label
Analog Channels
Analog Scaling
Channel Enable Label Phase Type Range Low Refarence High Referance
Sensar Ve Sensar Ve o
gent1 [+ Unassigned Voltage v peen(~] wov | ooev | oz0ov | osoooov | W
et |[v) Unassigned Voltage s0v [\ 0Ov | oeov | so00v | 3000V v
0.2V
0.5V
1o
Virtual Channels 20V
50V
Enable Label Function 0.0V

Channel B Units

\zuuu

Figure 140 Select Magnitude of Analog Measurement
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The measurements in Figure 141 were calculated using an external
current probe with a selected range of 20 A. The timing of the main
contact (t2) and resistor contact (t1) is calculated in this way:

1. The tO option is selected in “Resistor Timing — Close” on page 69.

2. The designated channel reaches the threshold current (10 A in this
example) of the full scale current selected for that channel
(Figure 141).

3. The calculation is made.

20

Amps

Figure 141 Close Timing from Current Measurement

If external shunt is used, let us say 5V = 100 A, then the timing starts
when the shunt output reaches 2.5 V, which corresponds to 50 A.
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7. Triggering and Timing Setup

Figure 142 shows an example for voltage. The timing of the main
contact (t2) and resistor contact (t1) is calculated in this way:

1. The Relative to Test Initiation option is selected in “Resistor
Timing — Close” on page 69.

2. The designated channel reaches the threshold current (140 V in
this example) of the full scale current selected for that channel.

3. The calculation is made.

———r- 200

Threshold voltage = 140 V/

Volts
170V

———

t, I

b

Figure 142 Close Timing from Voltage Measurement
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Aucxiliary Contact Transition

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 Reference parameters. Figure 143 shows
how to select the channel.

Aux-1
) Event-1
/FE}/ Breaker }* Test Plan ]/Results Flots &3 Instrument }/Reports }/Preferences}/l-@
Aux-2
Configure Triggering and Timing Reference = o] ~
Parameters | EditPlan | [ NewPlan | [ Close || save |[v| [ RunTes Event-2
Aux-3
Main Contact Channels}/Molion Channels]/Aux, Analog ]/Test SelugVTriggering‘ ﬁming}/First Trip }/Notes 1 Event-3
Test Triggering Aux-4
Channel Event-4
Test/Recording Trigger (except First Internal (When Test Starts) v Aux-5
Event-5
Aux-6
Timing Reference Setup Event-6
Test Type Timing Reference Detail Aux-7
Trip Internal (When Test Starts) -
Close Internal (When Test Starts) Internal (When Test Starts) Exentcy
Reclose (0-C) Internal (When Test Starts) . Aux-8
TripFree (CO) Internal (When Test Starts) Unip IS Event-8
co Internal (When Test Starts) Analog Channels J Aux-9
0-co Internal (When Test Starts) Aux Contact Channels » R e T b e
Aux-10
7l o g vgtant
Event-1o
| Aux-16

Figure 143 Select Contact Channel
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7. Triggering and Timing Setup

To calculate the timing of the main contact (t2) and resistor contact (t1):

1. The TO option is selected in “Resistor Timing — Close” on page 69.

2. The first transition of the selected auxiliary contact occurs.

3. The calculation is made. See Figure 144.

OCB Contads
0-R-C

OCB Contads
0-R-C

OCB Contads
0-R-C

Aux Contacts
W-D-C

t =52X AUX contact

0
Total samples: 16,000

T
60

Sample time in m

T T
100 20

T
140
millsecond (ms) | %

<

>

t = Close time from transition
of AUX contact

Figure 144 Closing Time Measured from Transition of AUX
Contact
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8. Running a Test

This chapter provides the minimum information required to make
connections between a circuit breaker and the TDR9100

Circuit Breaker Test System, run a test, and save the test results. It
contains the following sections:

“Front Panel Reference” on page 158

“Set up the Hardware in this Order!” on page 160

“Step 1: Preparing the Circuit Breaker” on page 160

“Step 2: Making TDR9100 Connections” on page 161

“Step 3: Making Circuit Breaker Connections” on page 166
“Step 4: Creating a Test Plan” on page 178

“Step 5: Removing Safety Grounds” on page 178

“Step 6: Applying Power” on page 180

“Step 7: Running the Test” on page 181

“Step 8: Disconnecting After Testing is Complete” on page 183
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Front Panel Reference

17
16

\ A/OCB

15—

CONT.»QC'I'

.
EHV3&4

-

CI:INTACT
-3 -
EHV1&2

-

B

Li

-

TRIP / CLOSE

\
® @

TRIP CLOSE

E' 3A;F SLO BLO

T E
®®

[=

2 3

SV’STEH

UNIT
GANG IN l GANG OUT

l

e o e o
--—— 9
-€1—10

GZ2D TDRIT00 9@

-

3.0A 280V
= 3AG S5LO-BLO

115-230VAC
N 3,08 E0.60H:

\

13

12 11

Figure 11.1 TDR9100 Front Panel

Table 12 describes the connections and controls present on the
TDR9100 Front Panel. For technical detail, see Appendix E, “TDR9100
Circuit Breaker Test System Specifications.”
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Table 12 TDR9100 Front Panel Connections and Switches

- 72A-3236-01
Lok

Item Description
Shrouded 4 mm banana jack connectors. Programmable for:

1 » Auxiliary contact timing measurement
» General-purpose analog voltage measurement

2 DC power sources valid operation LED

3 LED indicating that a test is in progress

4 Speaker

5 Ethernet port

6 USB port

F Ganging connectors and indicators (not supported in all
software versions)

8 Main power indicator light

9 » |EC standard power cord connector, 3-pronged male
* AC fuses

10 Power ON/OFF switch

11 System safety ground twist-lock connector for the ground
cable

12 Trip/Close control connector, 4-pin male

13 Trip and Close fuses

14 Safety switch cable or Safety Bypass Flag connector, 4-pin
female

15 EHV main contact test cable connectors, circular 12-pin male

16 OCB cable connector (upper left main contact connector only)

17 Motion transducer cable connectors, 15-pin female
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Set up the Hardware in this Order!

It is important that you set up your hardware in the order given in this
chapter. This order ensures that the equipment is properly grounded
before you work around or near an energized power system:

1. Prepare the circuit breaker. See page 160.

2. Make connections to the TDR9100. See page 161.

3. Make connections to the circuit breaker. See page 166.
4. Remove safety grounds. See page 178.

Step 1: Preparing the Circuit Breaker

Minimize Electrostatic Interference

Although the system successfully performs in the presence of
electrostatic interference, reduction of such interference is important.

In order to minimize electrostatic interference:

* The TDR9100 is designed to test circuit breakers with one side
of the circuit breaker at ground potential at all times.

* The main contact test cables act as antennae for electrostatic
pickup, electromagnetic pickup, or both. In order to minimize
this exposure, the TDR9100 uses shielded cable.

Procedure

To prepare the circuit breaker:
1. Trip the circuit breaker.

2. Open, lock, and tag the isolating disconnect switches on both sides
of the circuit breaker.

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

4. Remove DC power from the Trip and Close circuits on the circuit
breaker control panel.
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8. Running a Test

Step 2: Making TDR9100 Connections

WARNING!  To reduce problems associated with electrostatic discharge, always
confirm that appropriate service disconnects are secured. Then, connect
& cables to the TDR9100 in this order:

1. Safety ground cable

2. Power supply cable

3. Communication cable

4. Ganging cables (optional)

5. Other cables required for the test to be performed

Only after all connections are made to the TDR9100 can you make
connections to the testing breaker.

Follow all safety procedures.

Grounding the TDR9100

To ground the TDR9100 and attach the power cable:

1. Plug the ground cable into the TDR9100 ground receptacle. (See
11 in Figure 11.1 on page 158.) Connect the other end to the
substation ground.

2. Plug the safety switch cable into the SAFETY receptacle. (See 14
in Figure 11.1 on page 158.) If you plan to use an external trigger,
plug in the Safety Bypass flag.

3. Ensure that the available utility AC supply voltage is correct for use
with the TDR9100 (100 - 240 V AC, 50 or 60 cycles).

4. Attach the power cord. (See 9 in Figure 11.1 on page 158.)

Connecting the TDR9100 to the Controller PC

To connect the TDR9100 to the controller PC:

1. Connect the controller PC to the TDR9100 using one of the
following cables:

 Ethernet
« USB

(See 6 and 5 in Figure 11.1 on page 158.)
2. Turn the controller PC power switch ON.
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3. Double-click the T-Doble icon (Figure 145 on page 162) or select
Start/All Programs/ Doble Engineering/T-Doble.

>
[R000IS

Figure 145 T-Doble Icon

Main Contact OCB and EHV Connections

To make main contact connections for OCB or EHV circuit breakers,
use the attachment accessories provided. Two types of connections
are possible:

« OCB main contact test cable to OCB connector and then to
appropriate circuit breaker terminals.

See 16 in Figure 11.1 on page 158. Connect alligator clip leads
as labeled: A,B,C Common or 1,2,3 Common.

« EHV main contact test cables to EHV connectors and then to
appropriate circuit breaker terminals.

See 15 in Figure 11.1 on page 158. Connect alligator clip leads
as labeled: PH A, Contact 1,2, Common, etc.

Event Connections: Auxiliary Contact Channels

The TDR9100 auxiliary contact channels support inputs from external
devices. Auxiliary contacts can be wetted with voltages from 48 to 300
V peak. The auxiliary contact channels are configured in T-Doble on
the Aux, Analog tab of the Test Plan page. For more information, see
“Auxiliary Contact Channels” on page 113.

NOTE
' The auxiliary contact measurement channels are not polarity sensitive.

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. (See 1 on
Figure 11.1 on page 158.)
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8. Running a Test

2. Use the attachment accessories provided to attach the other end of
the cable across the device to be monitored. Make the connection
directly across the device, or at the terminal block.

Event Connections: Analog Channels: Current and Voltage

The TDR9100 monitors both current and voltage using the analog
channel connectors. The analog channels accept:

* Voltage input (up to 300 V peak)

* Doble current probe input (0-2 V output)

e Custom current probe input (voltage output)

NOTE
' Analog measurement channels are polarity sensitive.

\oltage

The analog channels accept voltage inputs up to 300 V peak. To
configure them, open the Test Plan page and select the Aux, Analog
tab. For more information, see “Analog Channels” on page 111.

To connect a voltage input:

1. Attach the TDR9100 end of the Doble-supplied analog cable to a
pair of Analog Channel banana jacks. (See 1 on Figure 11.1 on
page 158.)

The TDR9100 end has a shield connector. Be sure to attach the
shield (green and yellow) banana plug to the chassis ground (green
and yellow) banana jack. (See 15 on Figure 11.1 on page 158.)

Multiple shields can be stacked.

2. 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.
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NOTE

Doble Probe

Doble current probe (PN 401-0055) inputs can be configured for 20 A
or 200 A. To configure them, open the Test Plan page and select the
Aux, Analog tab. See Figure 146.

/FE]/Breaker Test Plan }/Resu\ts }/FE]/ Instrument ]/Repons ]/Preferences)f Help

Configure Analog and
Auxiliary Channels

[ EditPlan | [ NewPlan | [ Close | [ save |v| [ Run Test |

Main Contact Channels]/Motion Channel§VAux‘ Analog}/Tesl Setup]/Triggering, ﬁming]/Firsl Trip ]’ ar

* Tests for TDR9000 and TDRI00 must use legacy namina
Tests for a TDR9100 using more than 3 analog or aux chal
new channel naming (Event-n)

Auxiliary Contact Channels

Channel Enable Label
Enable multiple (ganged)
TDR9100 instruments
Analog Channels

Channel Enable Label Phase Type Range L
Ser
Event-1 lz‘ v Unassigned El 300V lz‘ 0.0
« I v
Voltage
Virtual Channels Custom Current Probe
Enable Label Function Channel A Channel E

< 1} 3

Figure 146 Configuring a Doble Probe

You must zero the Doble current probe whenever a new test plan is
loaded or a channel is activated.

To conserve battery power, Doble’s current probe powers down after ten
minutes. To disable this feature, press the Zero button while turning the
probe on. The green LED flashes several times to indicate the battery
saver feature is disabled.

Make sure that the probe is not attached to, or placed near,
current-carrying wires during the zeroing process.
To connect and zero the probe:

1. Plug the TDR9100 end of the analog cable into the desired Analog
Channel connector. (See 1 on Figure 11.1 on page 158.)

The Analog Channel inputs are polarity sensitive. Be sure to attach
the shield (green and yellow) banana plug to the chassis ground
(green and yellow) banana jack. (See 11 on Figure 11.1 on

page 158.) The banana jacks for multiple shields can be stacked.

2. Plug the free end of the analog cable into the current probe.
3. Turn the probe on: set the selector switch to the desired range.
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8. Running a Test

Press the zero button on the probe.
Repeat this procedure for any additional probes.

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

Current Shunt or Probe

To set up a current shunt or probe:

1. Connect the TDR9100 end of the Doble-supplied analog cable to a
pair of Analog Channel banana jacks. (See 1 on Figure 11.1 on
page 158.)

The Analog Channel inputs are polarity sensitive.

2. Make sure to attach the shield (green and yellow) banana plug to
the chassis ground (green and yellow) banana jack. (See 11 on
Figure 11.1 on page 158.)

Multiple shields can be stacked.

3. Use the attachment accessories provided to attach the other end of
the cable across the shunt.

4. To configure the current shunt, open the Test Plan page of T-Doble
and select the Aux, Analog tab.

5. Inthe Type column, select Custom Current Probe (Figure 147).

Files " Breaker /" TestPlan | Results | Plots ['{S) Instrument  Reports | Preferences | Help

Configure Analog and Auxiliary Channels | EditPlan | [ NewPlan | | Close || sawe |E| | Run Test

Main Contact Channels ‘r’Mmion Channe\;)/Aux, Analnngest Setup ][Triggaring, 'ﬁmingr First Trip [ Notes

* Tests for TORS000 and TDR300 must use legacy naming (Analog-n. Aux-n).
Auxiliary Contact Channels
Tests for a TDRS100 using more than 3 analog or awx channels must use new channel naming (Event-n)
Channel Enable Label
Analog Channe
Analog Scaling
Channel Enable Label Phase Type Range Low Refersnce High Refarence
Sensor Vahie Sensor Vahie Units
andlogt [=] [ Unassigned ||| custom current P jl 20v [x]  0ov 0.00A 20V 2004 A
Doble Probe
Voltage

Figure 147 Current Shunt Setting in Analog Channels Table

6. Make all other appropriate settings.

Figure 147 shows the settings for a current shunt with 2 V for 2 A.

(M 72A-3236-01  Rev.B  07/2013 165
et b



TDR9100™ and T-Doble 3.3 Circuit Breaker Test System User Guide

Trip/Close Connections

For a description of Trip/Close connections, please see step 1 and step
2 in “Step 3: Making Circuit Breaker Connections” on page 166.

Motion Connections

To make a transducer connection to a Motion connector:

1. Connect the male end (pin contacts) of the Motion Transducer
cable to one of the three Motion connectors. (See 17 in Figure 11.1
on page 158.)

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

Step 3: Making Circuit Breaker Connections

WARNING! o
j For greater safety, Doble recommends that you pull the circuit breaker’s

control power switches, fuses, or both, before you make any connections.
After connections are complete, restore the control power.

To make circuit breaker connections:

1. Connect the TDR9100 end of the breaker control cable to the
TRIP/CLOSE connector on the TDR9100. (See 12 in Figure 11.1
on page 158.) Connect the other end of the breaker control cable to
the circuit breaker.

2. Use one of the following methods of connection:

If the manual trip and close switch connections are accessible,
connect the:

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

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

If the manual trip or close switch connections are

inaccessible:

a. Connect one of the clips for the Trip/Close cable +DC voltage
supply

b. Connect the other clip to the input side of the respective trip or
close coil.

Either method of connection causes the TDR9100 to act as a
series switch that applies +DC voltage to the appropriate coil for
operation.

Figure 148 Step 1: Circuit Breaker Control Cabinet Preparation

Main Contact Connections
There are two types of m ain contact connections:

* OCB (Overall) Circuit Breaker
* EHV (Live Tank) Circuit Breaker

OCB (Overall) Circuit Breaker

To make OCB connections:

1. Connect an OCB main contact test cable to the appropriate circuit
breaker terminals as listed in Table 13 on page 168.
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NOTE It is important to provide good connections between the contact

' monitoring cables and the terminals. To relieve the clips of cable weight
and ensure better contact especially in windy conditions, wrap the cables

around the porcelain.

Table 13 OCB Dead Tank Connections

Alligator Clip Color | Phase | Terminal
Red A 1

Yellow B 3

Blue C 5

Black COM |2,4,6

2. For safety reasons, ground one side, usually the common side, of
the circuit breaker using an appropriate grounding conductor. This
step is required.

Doble does not supply grounding jumpers for this step.
3. Determine the location for the transducer. Note that:

* It may be necessary to remove covers or panels to access the
location.

e The location must not bind the transducer or mechanism when
the circuit breaker is operated.

Figure 149 shows a typical mounting of the rotary/linear transducer.

E@?

Figure 149 Rotary/Linear Transducer
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8. Running a Test

4.

Install a mounting platform for the transducer.

Mounting clamps and platforms are not supplied as standard
equipment with the TDR9100. Optional mounting kits are available
for specific circuit breaker models. General-purpose mounting
adapters and clamps are available from Doble. They facilitate
transducer mounting for a wide variety of circuit breaker models.

In some applications, the transducer can also be mounted directly
to the circuit breaker tank.

Connect the transducer rod or rotary adapter to the circuit breaker
mechanism.

A #10 (0.190)-32 UNF-2A threaded rod is supplied as standard
equipment with a TR3190 rotary/linear transducer. Other thread
sizes are available as optional equipment from Doble.

WARNING!

VAN

For dead tank bulk oil circuit breakers: Install and remove the transducer
rod while the mechanism is up. If the circuit breaker is activated
accidentally, the rod can only move down.

- 72A-3236-01
Lok

6. Mount the transducer on the tank or platform (installed in step 4)
using clamps or other hardware.

For reasons of safety, and to assure high-quality data, be sure to
attach the mounting hardware firmly to the circuit breaker tank or
frame, so that it does not move during testing.

If only one transducer is used, it is customary to install it on Tank 2.
Doble recommends that tests also be performed with transducers
mounted on Tanks 1 and 3.

7. Position the transducer on the mounting platform so the connecting
rod is centered in its pathway.

8. Verify that the connecting rod has clearance to move through the
entire stroke of the circuit breaker's operation without binding or
collision.

9. Rotate the transducer clamping knob until the small moving wheels
pinch the connecting rod against the bull wheel.
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Figure 150 shows the cable connections for the dead tank test.

) Contactl Contact2 Common K | Circui
Jumper line Phase A Phase B Breaker Control Circuit
T Contact3 in the Control Cabinet
Phase C

External Ground —
Connection

Make sure that one
side of each phase
is grounded.

Main Contact Test

Motion Transducer Cable

133 = @®
[ 2
®®0 iz &
® ® @ ®® .. AC Power
se 22 o Supply Cable

AT TDRIT00 @@\ Ground connector

Breaker (Trip/Close) Control Cable

Figure 150 TDR9100 Cable Diagram — Dead Tank

EHV (Live Tank) Circuit Breaker
This section describes two types of EHV connections:

+« Main contact
 Motion

Main Contact

In T or Y module circuit breakers, the common (COM) connection is
usually made on the center tank of each module. The contact
connections (1-4) are made on the appropriate terminals. Doble
recommends that one side of the circuit breaker be grounded for
safety.

To make EHV connections, connect the EHV main contact test cables
to the appropriate circuit breaker terminals as listed in Table 14 on
page 171.
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8. Running a Test

NOTE It is important to provide good connections between the contact
' monitoring cables and the terminals. To relieve the clips of cable weight
H and ensure better contact especially in windy conditions, wrap the cables

around the porcelain.

Table 14 EHV 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 3
Red Blue 4
Black Blue COM

(M 72A-3236-01  Rev.B  07/2013
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Main Contact Test

Motion

Measuring motion may be difficult for most live tank circuit breakers
because of the inaccessibility of the moving components. In many
cases, the transducer cannot be attached directly to the moving contact
portion of a live tank circuit breaker mechanism.

In such cases, attach the transducer to another part of the mechanism
that moves in a secondary relationship to the main drive mechanism
being measured through transducer scaling. Often, this mounting
location is found near the semaphore, which indicates the status of the
circuit breaker.

For a full discussion of:

» Transducer transducer scaling—See “Transducer Scaling” on
page 104.

» Transducer configuration—See “Configuring the TR3190 Digital
Rotary/Linear Transducer” on page 174.

Figure 151 shows the cable interconnections for the live tank test.

Breaker Control Circuit
in the Control Cabinet

Phase A

Contact 2

Trip E
- ;
52CS i 52CS

LN

Contact 1 —w

Closg

Clos

¥o|)
o

Motion Transducer Cable

“5.'.2 5] & ]
@3
®e-u L
o
o
L]

oo-3

Safety cable

- Supply Cable
@ @
L ‘ 22\ EPTORII00 0@ ™ Ground

2 @®

-3

e "
e e AC Power

connector

Breaker (Trip/Close) Control Cable

Figure 151 TDR9100 Cable Diagram — Live Tank

172

72A-3236-01 Rev. B

07/2013 (2N
et b



8. Running a Test

Figure 152 shows an installation with live tank circuit breaker contact
monitor cabling in place.

EHV Contact Monitor

Figure 152 Installation with Circuit Breaker Contact Monitor
Cabling

Event Connections

This section explains how to make connections from the analog or
auxiliary contact channels of the TDR9100.

Analog

For analog connections, use the attachment accessories provided to
attach the other end of the analog 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.

Aux

For auxiliary connections, use the attachment accessories provided to
attach one end of the Doble-supplied auxiliary contact cable across the
device to be monitored, either directly across the device or at the
terminal block.

N 72A-3236-01
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System Control Connections
Two kinds of control connections are made from the TDR9100:

» External Trigger (In)
* Trip/Close (Out)

External Trigger Setup

To make External Trigger connections with an auxiliary or analog
channel, use the attachment accessories provided to attach the
auxiliary or analog contact cable across the device to be monitored,
either directly across the device or at the terminal block.

Trip/Close

To make Trip/Close connections from the TDR9100:

1. Connect the free end of the breaker control cable to the circuit
breaker.

2. 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).

Motion Connections

WARNING!  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 away from, not
toward, the person performing the installation. This is usually the closed
position.

Configuring the TR3190 Digital Rotary/Linear Transducer

The TR3190 Digital Rotary/Linear Transducer is used to measure
rotary or linear motion. The setup for each measurement follows.
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8. Running a Test

Figure 153 shows the three components of the TR3190 (TR3160LR).
They include:

* Transducer
* Chuck holder plate
* Rotary chuck

The chuck holder plate is mounted in different locations, depending on
whether a rotary or linear measurement is intended.

/ — Transducer

o)
o
@ -
"N r - e nl
(U
o) o @
bR
Chuck Holder Plate

Figure 153 TR3190 (TR3160LR) Transducer Components

The chuck holder plate is shipped in the configuration shown in
Figure 154 on page 175.

Rotary Chuck in

Captive Storage Location
Screw

Wrench

' Q @ Captive
Screw
Sheat

Chuck Key /'

Figure 154 Chuck Holder Plate Configuration
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This plate provides four different functions:

* When mounted in the ROTARY position:

* It depresses a micro-switch that indicates to the TDR9100
that a rotary measurement is being performed.

» It 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.

» Itincludes 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 shatft,
while the rotary chuck is loosened or tightened.

* It provides a storage location for the rotary chuck when a linear
measurement is made.

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.

For added torque, insert the chuck key into the rotary chuck.

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 155.)

o [+ @

e —
Figure 155 Chuck Holder Plate Mounting to Tighten Rotary Chuck
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8. Running a Test

Thread the rotary chuck onto the rotary shaft and hand tighten,
using the chuck holder plate to keep the rotary shaft from moving.

Insert the chuck key into the rotary chuck.

Hold the chuck holder plate against the transducer. Using the chuck
key to provide additional torque, rotate the chuck clockwise to
tighten it onto the rotary shatft.

Remove the chuck key from the rotary chuck.

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 156 on page 177).

Configuration is complete.

® o O - ®
N

o |O © e
)

Figure 156 Chuck Holder Plate mounted in ROTARY position

Linear Motion

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—Go to step 3.
* Otherwise—Go to step 6.

Position the wrench portion of the chuck holder plate on the rotary
shaft. (See Figure 157 on page 178.)

Rotate the rotary chuck counterclockwise and remove it from the
rotary shatft. If necessary, use the chuck key to provide additional
torque as described in step 6 on page 177.

- 72A-3236-01
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5. as shown in Figure 154Store the rotary chuck on the chuck holder
plate as shown in Figure 154 on page 175.

NOTE If the rotary chuck is mounted on the rotary shaft during a linear
' measurement, the added mass of the chuck can induce internal slippage

H to the transducer causing measurement error.

6. Mount the chuck holder plate in the LINEAR position on the
transducer using the two captive screws to secure it. See
Figure 157.

Configuration is complete.

® o Q ©

® 8
| |

— O

Figure 157 Chuck Holder Plate Mounted in LINEAR Position

Step 4: Creating a Test Plan

For instructions, go to Chapter 6, “Setting Up Tests.” Continue on
“Step 5: Removing Safety Grounds” on page 178.

Step 5: Removing Safety Grounds

Before you can run the test, you must decide which ground
connections to remove from one side of the circuit breaker. Usually, it
does not matter which side, but two situations require special
consideration:

* “Neutral-grounded Transformers” on page 179

* “High Voltages” on page 179
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8. Running a Test

Neutral-grounded Transformers

If there is no disconnect switch between a neutral-grounded
transformer and the circuit breaker:

* Remove the ground connections from the side of the circuit
breaker that is farther from the transformer.

* Leave in place the ground connections between the transformer
and the circuit breaker (Figure 158).

e

NN

Leave this side Remove
grounded
(transformer side)

Figure 158 Neutral-Grounded Transformer and Ground
Connections

High Voltages

When an energized high voltage conductor is near the circuit breaker,
an induced voltage can occur on the isolated sections of bus
connected to either side of the circuit breaker. To minimize the danger,
leave the grounds on the side of the breaker that:

» Has the longest section of bus, or

* Is closest to the energized circuit
See Figure 159 for details.
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Nearby Energized
HV Circuit

Longer bus Shorter bus
\- _ .ﬁ
ij"““‘- Leave this side — ™~ Remove
grounded
(longer bus)

Nearby Energized
HV Circuit

Remove Leave this side
grounded
(closer to HV)

Figure 159 High Voltages and Ground Connections

Step 6: Applying Power

To apply power before running the test:
1. Restore DC power to the circuit breaker Trip and Close circuits.
2. Apply AC power to the TDR9100.
3. Wait about two minutes. Then confirm that:
* The System On LED is illuminated (item 2 on page 158)
* The correct unit number is displayed (item 7 on page 158)

* The Link LEDs should be flashing (item 7 on page 158)

* The green AC power indicator is illuminated (item 8 on page
158)
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8. Running a Test

Step 7: Running the Test

Safely Activating a Test

The TDR9100 provides two ways of activating a test:

» Safety Switch—For the greatest possible safety, connect the
safety switch cable, stretch it to a full 25 ft (7.6 m) from the
circuit breaker, make sure all team members are far from the
circuit breaker, and press the safety switch to activate the test.

» T-Doble—With the Safety Bypass Flag installed, select OK in
the T-Doble user interface.

NOTE
If the Safety Switch is not pressed within 60 s, the test is aborted and the
l following message appears.
[J
Test Failed X
3 Errar from TDR Instrument
= Test Failed to run,
Test aborted, error: Test was not started within 1 minute
an board: 0
Figure 160 Test Aborted—Slow Switch Press
If the Safety Switch is released before the alarm ceases, the test is aborted
and the following message appears.
Test Failed X
3 Error from TOR Instrument
£ Test Failed ta run,
Test aborted, error: Safety button released after start of test
on board: 0
Figure 161 Test Aborted—Premature Switch Release
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Procedure

To run a test:
1. Click the Run Test button.
The Select Test window appears.

Select Test

Close
TripFree (CO)
Reclose (O-C)
C-0

Q-CO

First Trip
Slow Close
Record Only
Capacitance

EeeperLevel

Mormal Level v

[ ok | [ cancel |

Figure 162 Select Test Window

2. Select the test of interest.

The TDR9100 begins to beep, indicating that it is ready to begin
testing.

WARNING! This is the last warning before circuit breaker operation. Make
sure all safety issues are in compliance.

3. Activate the test.
The test begins and the Test Progress window appears.

‘ m Test Progress: First Trip e
L Connected

Figure 163 Test Progress Window
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8. Running a Test

Data collection times vary depending on the types and number of
channels in use. This process can take several minutes.

When the test finishes, T-Doble displays the results on the Plots
tab, except for the results of the Capacitance test. Capacitance
results are displayed on the Results tab. For more information, see
Chapter 9, “Displaying and Interpreting Test Results.”

Step 8: Disconnecting After Testing is Complete

1. Turn the power switch of the TDR9100 to OFF.

2. Disable the circuit breaker power by pulling the DC power switches,
fuses, or both.

3. Replace all safety grounds that were removed to perform tests.

WARNING! * Be sureto replace all safety grounds before proceeding.
&  Make sure that appropriate service disconnects are
secured.
* Follow all safety procedures.
» Disconnect the cables from the circuit breaker first and
the TDR9100 second.

4. Remove the main contact test cables from the circuit breaker.
Do not pull the cables. Remove the cables at the connection.
Remove all additional test leads from the circuit breaker.
Remove safety grounds from the circuit breaker. If OCB testing was
performed, remove common-side jumpers.

7. Unplug the following cables from the TDR9100:

a. Contact Monitor

b. Motion Transducer

c. Breaker Control

d. Remote Safety Switch
8. Unplug the AC power cord from the power receptacle.
9. Unplug the AC power cord from the TDR9100.

10. Remove the System Safety Ground from the TDR9100.
11. Unlock and remove the tags from the isolating disconnects.
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12. Remove the ground cable from the connection to the ground grid.
13. Restore the circuit breaker to service.
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9. Displaying and Interpreting Test
Results

This chapter explains how to select and print tabulated data, and how
to display and interpret graphic displays of data. It contains the
following sections:

» “Displaying Results” on page 186

* “Viewing Tabular Results” on page 186

* “Viewing Graphical Results” on page 189

» “Saving Test Results” on page 202

* “Trip Test Results” on page 202

* “Close Test Results” on page 206

» “Reclosing Test Results” on page 209

» “TripFree Test Results” on page 212

* “O-C-0O Test Results” on page 215

* “Creating Reports” on page 218

Editing the Nameplate

After a test is run and saved, new fields are added to the Nameplate
tab. You can optionally add new information in these fields:

» Serial Number—Test instrument serial number

» Calibration—calibration date

* Ambient temperature at time of test

* Humidity at time of test
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Breaker Test Details

OCB EHV | GCB Find Breaker... Has resistors
Nameplate
Type <Select type> -
Required L >
an
b4
Lin 60 Hz ot
*Required for Breaker Plan <custom label 1>
<custom label 2>
Plan Type Test Result Test Run  May 17, 2013 09:24:51

Model TOR 900

Instrument Details Serial Mumbet

Ambient

Figure 164 Nameplate With Additional Fields

Displaying Results

Once atest is run, the Results and Plots pages become active
(Figure 165).

» Using the Results page, you can view data in tabular form.

» On the Plots page, you can view one test result at a time, or you
can overlay test results of a similar type and view them together.

“ Results |’ Plots |’

Figure 165 Navigation Tabs Available After a Test

Viewing Tabular Results

The Results page provides the test results in numeric form, and it
indicates whether the result was within the manufacturer’s
specifications. Result data is provided on these tabs:

* Main Contacts

* Resistor Contacts
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9. Displaying and Interpreting Test Results

* Motion

* Motion at Main Open/Close

* Motion at Resistor Open/Close
* Advanced

* First Trip

» Capacitances

* Notes

Reports | Preferences | Help

Circuit Breaker Performance Results [ EdwpPlan | [ mewPlan | [ Closs Il Save -] [

Main Contacts [ Resistor Contacts | Motion | Mation at Main Open-Close [ Ivotion at Resisior Open:Close | Advanced | First Trip | Capacitance | het

Main Contact Timing Measurements

e PRI Initial Teip Timing
Synchroriaation Snchrorizaion
Channel 10 Labet Phase Braak Sontac Ti Contact Timing
tn Brasker I Brasker
OCE-& Phase A s
OCB-B Phase B
ccec PhoseC v
Hose Spen-Cie Reclosa Liaits
Maxinu m - - -
Minimum * *

Figure 166 Results Page
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Figure 167 displays sample results from the Main Contacts tab. It
provides this information:
* Measured values (Main Contact Timing, Synchronization)
* Manufacturer’s limits (Main Contact Timing, Synchronization)
e Pass ,::fﬁ’ or Warning | /f | status

Main Contact Timing Measurements

Timing Reference:

From Test Initiation (Elloss Ty
Synchranization
Channel ID Label Phase Contact Tiring
In Breaker
OCB-A COMTACTL Phase & 5,00 cy .,:',fc?f
OCE-B COMTACTZ  PhaseB 4,99 cy .,?,f 0.04 cy a,f
OCE-C COMTACTS Phase C 4,96 cy .,:',f
Clase Limits
Maximum 6,00 cy 0.20 ¢y
Minimum 0.00 cy

Figure 167 Sample Main Contacts Data

Figure 168 displays sample results from the Motion Measurements tab.
It provides this information:

* Measured values (Zone Average Velocity, Travel)
» Manufacturer’s limits (Zone Average Velocity, Travel)

Motion Measurements
Zone Velocities Travel
Channel and Cosa
Phase Toul Traval Ovenraval Rebound Contact Wipe
Cose Zore L Cose Zone 2
. Zone Type Dist; Dist Dist; Dist
Motion-1
Measured 4057 m/s & - 1995mm & 02mm 0.1 mm 16.8 mm
(TRAVEL 2)
Max 4.500 m/s o 240.0 mm
Phase B Limits o
Min 3.700 m/s . 160.0 mm

Figure 168 Sample Motion Measurements Data
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Figure 169 displays sample results from the Motion at Main
Open/Close tabs. It provides measured values (Travel, Average
Velocity, and Time).

Motion Measurements, Main Contacts Open/Close

At Main Contact Open Motion
Channel Label Phase Travel from Average Time from Reference
Start Position =y cives— Initiation™* Channel
(Contact Wipe)
QCB-A QCB-A Phase A [ 19.0 mm 3.704 m/s 22.8 ms LINKAGE
QCE-B QCE-B Phase B T 21.0 mm 4.233 m/s 22.8 ms MECHAMNISM
QCB-C QCB-C Phase C ? 19.0 mm 3.704 m/s 22.8 ms LINKAGE

*Velocity is averaged over a range of 9 samples centered on the event.

** Measured relative to the time of test triggering

Figure 169 Sample Motion at Main Open/Close Data

Viewing Graphical Results

The Plots page enables you to display graphical results in a variety of
ways.

o GOB 1_2-3-93 133102 Close.ldr - Library Plan - 1-Uoble

y Files I’ Breakar }’ Tast Flan i’ Results ) pns |’V Instrurnant I’ Repans k’Pmrmmaar Halp

Plotted Results | Edil Plan | | Nirw Plari [ Closa ] [ Sy _v] [ R Tost ]

I/Test Resuhsr Dyariay, ]
e S S S DP -LU

Clone Camt .
¥y | M.

1
ad
a4

. 34

etin Charsms

4

+ &

e _;a/’\ T

a B e - e ——
OB Comars A
GRS
ad
OCB Comas
=0
DB Sonats J
(=20
ks Command ;' 1
¢ v : . . . ————————— . N —— . .
[ F m = 0 P n Y - 2 s 550 wwn
Fatal sarvplat: 10,000 S aenghy e i 1 u "

Figure 170 Results Tab of Plots Page
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Setting Plotting Preferences

The Plotting tab of the Preferences window controls the appearance of

plots.

Plot line thickness I 3 3:

Include zero in all YAxes ranges ¥
Use common YAxis scaling for all voltage signals ¥

Use common YAxis scaling for all current signals &

Draw Y Axes Origins |Always

Restore Defaults

Use Default Channel Colors #
Plot background color I:IL'

Grid (axis) line color I:IL'

Default number of cursors I 2 3:

Plot each digital and contact channels on a separate YAxis ¥

[

Figure 171 Plotting Tab of Preferences Page

Table 15 describes the plotting values you can set.

Table 15 Plotting Preferences

. . Default

Setting Description Setting
Plot line thickness 1 (thin) to 5 (thick) 3
Include zero in all ¥ axes Select or deselect. Selected
ranges
Use common Y axis
scaling for all voltage Select or deselect. Selected
signals
Use common Y axis
scaling for all current Select or deselect. Selected
signals
Draw Y Axes Origins Options are Never, Always, Never

or When span overlaps zero.
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9. Displaying and Interpreting Test Results

Table 15 Plotting Preferences (Continued)

. " Default
Setting Description Setting
Select or deselect. Sets
Use Default Ch | channel colors as follows:
se Defau anne
Colors  Phase A—Red Selected
* Phase B—Yellow
* Phase C—Blue
Select a color for the
Plot background color background of the graph.
) o Select a color for the
Grid (axis) line color gridlines of the graph.
Select the number of
Default number of cursors to appear 5
cursors automatically on the graph.
Range is from 1 to 8.
Plot each digital and
Deselecte
contact channel on a Select or deselect d
separate Y axis
Restore Defaults link Click to restore system N/A
default plotting values.

Using the Plots Toolbar

The icons at the top of the Test Results and Overlay tabs enable you to
view and manipulate your data in various ways.

g;z', };’{- @l ng,': 1l Readouts |'H |._=ﬁ gl _:;||£|Legend ||M}

Figure 172 Toolbar on Plots Page

One other display control exists on this page, but it is not in the tool bar.
To change the displayed unit of measurement on the X axis, select
millisecond (ms) or Cycle (cy) from the drop-down box at the bottom right

of the window.

- 72A-3236-01
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Figure 173 Selection Box for Unit of Measurement

Table 16 explains the purpose of each icon.

Table 16 Icons Used to Set Plotting Preferences

Icon Description

Unzoom and restore all traces. Displays graph as it
appeared originally after the test was run.

Unzoom all visible traces. If you have deleted some
traces and added others, unzooms and displays only
those selected traces.

Zoom in.

Zoom out.

Show data cursors.

]

Move cursors into view.

IEE@@ % [%

flreadouts  Show or hide cursor readouts.

=  Copy plot image or data to clipboard.
[ Save image of plot to file in selected format.
=4 Print plot.

=]

Set up page for printing.

=

Print preview.
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Table 16 Icons Used to Set Plotting Preferences (Continued)

Icon Description

|#| Legend|  Show or hide signal legend.

Copy the current data to the overlay plot.

Zooming In and Out

To enlarge a portion of the traces:

1. Click and hold any corner of the trace area to be enlarged, drag the
mouse to the diagonally opposite corner of the trace, and release
the mouse button.

The window displays the selected area, enlarged.

2. To zoom out, click the Unzoom and restore all traces button, or the
Unzoom all visible traces button.

Activating and Moving Cursors

T-Doble provides cursors, or vertical markers, to determine either the
value of a trace or the time elapsed at one or more locations on the
plots. Note that:

» By precisely positioning cursors, you can view trace times and
values and compare them to manufacturer specifications.

» If two cursors appear, the times and trace values at each cursor
location appear. You can display or hide the delta value, which
is the difference in the measured results for the two cursor
locations. An example of a delta value is the left cursor value
minus the right cursor value.
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Figure 174 shows cursors positioned on precise sampling points.

[OCB Contacs
0-R-C

[OCB Contacs
0-R-C

[OCB Contacs
0-R-C

Total samples: 16,000

T T T T T T T T
75 75.5 75 76.5 77 77.5 7 785 7 7.5
Sample time in ms

T
50

milisecond (ms) | %

Figure 174 Cursors Positioned on Sampling Points

To activate the cursors:

1. Click the Show Data Cursors button L**

i

Two cursors appear in the window and the Cursor Values table

appears. It displays time and trace values (Figure 175).

Close Command ;] |
>
Close Current 5
A gl N
a4
N /
24
Gursors +~ B ~ N
otion Channels | | Close Command 1 1
" P [ | Close Current A 0.00 3.216
| ] TRAVEL 1 in -1.990 0,175
54
| | TRAVEL 1 Fs 7.75 6.29
6 | CONTACTL O-R-C o c
CONTACTZ O-R-C o c
| CONTACT3 O-R-C oc c
B ms 84.8 107.7
) NP efids 1
Welocites samples 849 1075
Fis s
Show Dalta Vaties
o
c
©CB Contacts .
O-RC
o
o
©CB Contacts .
O-RC
o
o
OCB Contacs N
ORC
o
T T T T T T T T T T T T T
I = @ @ » 10 120 140 15 10 2 BN P
Total samples: 16,000 Samgle time in ms. e

Figure 175 Two Cursors and Cursor Values Table
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9. Displaying and Interpreting Test Results

2. If you cannot see the cursors, click the Move cursors into view

button E

3. Click the Show Delta Values link to display the delta values.

If two -- and only two -- cursors are active, a Delta values column
appears in the table. It does not appear for one cursor, nor does it
appear for three or more cursors.

4. Reposition a cursor by dragging it with the mouse or by using the
keyboard arrow keys to make precision moves. (See Table 17.)

Table 17 Precision Cursor Movement

Key

Cursor Direction

Left arrow

Moves 1 sample left.

Right arrow

Moves 1 sample right.

5. To remove the cursors, click the Show Data Cursors button

again.

Reading the Cursor Values Table

;2

The Cursor Values table (Figure 176) provides readouts for all active

cursors.
Cursor Values
W .= .

|| Close Command 0 0
|| Clase Current A 0.00 0.00
TRAVEL 2 mm 0.2 0.0
WVEL. 2 mys 0.000 0.000
CONTACT1 O-R-C C C
| CONTACT2 0-R-C C C
CONTACT3 O-R-C C C
R ms 400.0 800.0
samples 4000 2000

Show Delta Values

Figure 176 Cursor Values Table
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Contact Timing

NOTE

The compound states described for R and O-R-C may be the result of

l contact bounce during circuit breaker operation.
[J

* O—lIndicates 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-C—lIndicates 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 and Closed states.

» C-O—lIndicates 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 Closed and Open states.

* O-R-C—lIndicates 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—lIndicates 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.

Trip and Close

All trip and close current values are positive.

Auxiliary Channels

The following auxiliary and analog contact values appeatr:

e C—Contact was closed at the time selected.
» O—Contact was open at the time selected.

 D—Contact was open dry at the time selected. Voltage is not
present.

«  W—Contact was open wet at the time selected. Voltage is
present.
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All current and voltage values are displayed as follows:

DC—AIl values are positive.
AC—AIl values are bipolar.

Advanced Cursor Functions

The Cursor Values Table provides additional cursor functions
(Figure 177).

|Cursor Values El
Cursors :E O E [ | |
Close C d
u ose bomman Add Cursor (Before)
Close Current A L\\,
O TRAVEL 1 mm Add Cursor (After)
u ARICIER mm Remove Cursor
O VEL.1 m/s
O VEL.2 m/s Move Cursor into View
- CONTACY et Scroll View to Show This Cursor
CONTACT2 0-R-C
[ || CONTACT3 O-R-C Snap Cursor to...
¥-axis 1 s Change Cursor Color...
samples :
Show Delta Values

Figure 177 Advanced Cursor Functions Provided in Cursor Values

Table

For each cursor, a pull-down menu provides the following functions:

Add Cursor (Before) — activate another single cursor in a
position before this cursor in the timeline

Add Cursor (After) — activate another single cursor in a position
after this cursor in the timeline

Remove Cursor — removes this cursor from the plot display

Move Cursor into View — if this cursor is out of view due to
zooming, move it into the current view

Scroll View to Show This Cursor — if this cursor is out of view
due to zooming, scroll the plot display to the cursor location

Snap Cursor to... - move the cursor precisely to a particular
place in a specified signal plot defined by one of the following:

* A zero crossing
* Athreshold (voltage or current)
» A transition (contact state)

doble
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* Next minimum
* Next maximum

» Change Cursor Color — allows user to select a different color for
the this cursor line

Viewing Trace Information

Basic trace display properties are set in the Preferences page. (See
“Setting Plotting Preferences” on page 190.) To view trace information:

1. Click the Legend button [|«] Legend|.

The Plot Legend window appears (Figure 178).

Motion Channels (2 signals)

~ -] TRAVEL 1
~ -] TRAVEL 1

| L0

Velocities (2 signals)

M@ -] vEL 1

~ -] vEL 1

Main Contacts (6 signals)
[~ ] CONTACT1
[~ ] CONTACT1
W [ ]x] CONTACT2
W [ ]x] CONTACT2
~ =] CONTACT3
~ =] CONTACT3

| L0

| L0

W Alx Contacts (1 signal)
v
W ct

v Trigger Channels (1 signal)
v .
[~ Ext Trigger In

O W)

CmdPulse (1 signal)
[l Trip Command

N

Coil Currents (1 signaly

M@ .~ Trip Current

N

Owerlay - (2 files)
1B 24 1U-1-£Uus
Vo1 H 1R/ Trin

1Y B=-£4_ 1U-£2-£UlZ
M #2 B 140017 7o

N

Show Al Groups  Hide All Groups

Figure 178 Plot Legend Window for Two Overlaid Signals
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Displaying and Hiding Traces

In the Plot Legend window, you can display and hide traces in the
following ways:

To display the legend for all traces in a group—Click the plus
sign to the right of the group. To hide the legend for all
traces in a group, click the minus sign j

To hide a trace or group of traces, uncheck the box next to its
name in the legend. To show a trace or group of traces, check
the box next to its name in the legend.

To hide an overlaid set of traces—Deselect the check mark to
the left of the filename in the Overlay section of the Plot Legend
window. See Figure 178.

To remove an overlaid set of traces—Click the red or white X to
the left of the filename in the Overlay section of the Plot Legend
window. See Figure 178.

To hide all traces—Click Hide All Groups.
To show all traces—Click Show All Groups.

Reordering Trace Information

In the Plot Legend window, you can reorder trace information in these

ways:

Split trace information—Click the Separate Traces button
next to a set of traces in the legend. Each trace is now displayed
in its own section in both the Plot Legend window and the plot.

Combine traces—Click and hold the mouse in a section of an
individual trace legend, drag it over the legend you wish to
combine with, and release. The two signals are combined into
one in both the Plot Legend window and the plot.

Move traces up and down—cClick and hold the mouse in a
section of the individual trace legend, drag it to the desired
location in the Plot Legend window, and release. The traces on
the graph and legend move accordingly.
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Changing Trace Colors

To set colors for each trace, click the arrow to the left of the trace name
and select a color.

~ .B COCE-B

Standard | Full

LT T W=
M TN
TN NE N
AEETENE N
AEENEEEN

AEENEEEEE

Figure 179 Selecting a Trace Color

Overlaying Plots

To overlay test results:

1. Display one set of test results.

2. Click the Copy to Overlay button in the toolbar.
3. Click the Overlay tab.
4

. Click the Files tab and select the set of test results you wish to
overlay.

5. Click the Overlay button.

The two sets of test results are displayed on the Overlaid tab.
Figure 180 shows an example. You can add more overlays by
following the same steps.
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Trip Current
Trip Current

TRAVEL 1
TRAVEL 1 -150 4
mm

VEL. 1
VEL. 1

mfs

Main Contacts R4
ORC
e T

Sample timein ms

Total samples: 16,000

T T T T T T T
50 100 150 200 250 300 350
Sample time in ms

Figure 180 Overlaid Test Results

Editing Breaker Specifications

You may wish to make comparisons by changing breaker
specifications. To do this, go to the Breaker page and edit the
specifications as necessary. T-Doble instantly compares your data to
the breaker specifications and displays a Pass or Warning value in the
test results. The original test plan and test results files remain intact.

If you wish to save these altered results, do one of the following:

» Save all data—Click the Save icon E , Select Save As, edit the
filename and directory as desired, and select OK. All data is
saved in the TDRX file format.

* Save a graphic image—On the Plots tab, click the Save icon
E , Select a graphics file format and a directory, and click Save.

» Copy the data—On the Plots tab, click the Copy icon | ~land
select:

* Copy Picture to paste the graph into another document

* Copy Data to paste the data in tab-delimited format into
another document
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Saving Test Results

You can save test results automatically or manually.

» Automatically—On the Files tab of the Preferences page, make
sure that Automatically save file after every test is selected. This
option stores new test results as soon as the test is run.

Display Units| Plotting ) Files | General |

¥ Automatically save file after every test
Save in folder: IC:\,Documents and Settings\jsm|BLUEOVAL\M: ... |

Figure 181 Automatically Saving Test Results

Doble recommends that you keep this option selected at all
times.

* Manually—Do one of the following:

* Click the Save or Save As button, as appropriate, in the
Results or Plots page.

* In the Plots page only, click the Save icon E , Select a
graphics file format and a directory, and click Save.

Trip Test Results

This section provides a complete set of sample results for a Trip test.

Plotted Results

Location: Test Results tab of Plots page
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[Trip Command é] 1
Trip Current 5 ] '_,___.——\k
A 0

o

-50
-100
-150
TRAVEL 1
mm 2004
-250
-300
350
0
VEL. 1 -9
mfs
2
Main Contacts
0-R-C

Main Contacts

0O®n 00w 00ao0
-

0-R-C
Main Contacts
0-R-C
T T T T T T T
50 100 150 200 250 300 350
Total samples: 16,000 Sample time in ms millisecond (ms) hd

Figure 182 Plotted Results of Trip Test

Main Contact Data
Location: Main Contacts tab of Results page

The Main Contact Timing Measurements table presents the following
data:

* Measured values (Main Contact Opening Time,
Synchronization)

* Manufacturer’s limits (Main Contact Opening Time,
Synchronization)

e Pass %f’ or Warning | /f | status

Main Contact Timing Measurements
Timing Reference:
From Test Initiation Main Contact Timing
Synchmnization
Channel ID Label Phase Cpening Time
In Brwalcer
0CB-A CONTACTL | PhaseA [5| 243ms g/
0CB-B CONTACTZ | PhaseB [§]  24.6ms vy 0.5 ms o
0ce-C CONTACT3 | PhaseC [¥] 248ms o
Trip Limits
Maximum 28.0 ms 2.0 ms
Minimum 1.0 ms

Figure 183 Main Contact Timing Data of Trip Test
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Resistor Data
Location: Resistor Contacts tab of Results page
The Resistor Contact Timing Measurements table presents this data:

* Measured values
* Resistor Open Timing and Synchronization from Test Initia-
tion
» Resistor Open Timing and Synchronization Relative to Main
Contact)
* Manufacturer’s limits (Resistor Opening Time)

e Pass ,_t.rﬁ or Warning | /f | status

Resistor Contact Timing Measurements
Resistor Close Timing Resistor Close Timing
From Test Initiation Relative to Main Contact
synchronization Synchronization
i Label Phase Resistance = Closing Time Closing Time
i) In Breaker In Breaker
OCB-A  CONTACTL Phase A |¥| 447.00 55.1 ms : 11.7ms a4
OCE-B CONTACT2 | Phase B Z 445.0 O 54.1 ms 1.0 ms 11.9ms a‘fﬁ" 0.2 ms
OCB-C | CONTACT3 | Phase C[¥| 44100 54.7 ms 11.7ms s
Close Limits Close Limits
Maximum * - - 15.0 ms 5.0 ms
Minimum * * 8.0 ms

Figure 184 Resistor Contact Timing Data for Close Test

Motion Data
Location: Motion tab of Results page
The Motion Measurements table presents this data:

* Measured values (Zone Average Velocity, Travel)

* Manufacturer’s limits (Zone Average Velocity, Travel)
» Damping (Trip Test only)
e Pass ,::fﬁ’ or Warning | /f | status

Motion Measurements
2one Yelocities Travel
Channel and o
Phase Tatal Trawel Cvvertravel Rebound Darmping
Open Zone 1 Open Zone 2
Zone T Dist; Dist Dist; Dist:
Motion-1 one e ' ’
Measured 1eefs [ 151260 4 0000n g 000in 4 FLoms
(TRAVEL 1) ! b k
Max 12,00 /s * 15.500in 0.125in 0.625in
Phase A Ui
Min 11.00Fs * 14.500in 0.000in 0.000in

Figure 185 Motion Data for Trip Test
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Motion at Main Open/Close Data

Location: Motion at Main Open/Close tab of Results page

The Motion Measurements, Main Contacts Open/Close table provides
these measured values:

» Travel from start position until main contact part (main contact
wipe)

» Velocity averaged over a range of 9 samples centered at main
contact part

* Time from initiation until main contact part

Motion Measurements, Main Contacts Open/Close

At Main Contact Open .
pe Motion
Channel Label Phase Travel fr_o_m Average Time from Reference
Start POSition © e jocity= ©  Initiation™* Channel
(Contact Wipe)
OCB-A CONTACT1 Phase A |w 36.4 mm 4.410 m/s 26.6 ms TRAVEL 1
OCB-B CONTACTZ2 Phase B T 38.2 mm 4.480 m/s 27.0 ms TRAVEL 1
OCEB-C CONTACT3 Phase C T 40.9 mm 4.516 m/s 27.6 ms TRAVEL 1

* Welocity is averaged over a range of 9 samples centered on the event.

** Measured relative to the time of test triggering

Figure 186 Main Contact Open/Close Data for Trip Test

Motion at Resistor Open/Close Data

Location: Motion at Resistor Open/Close tab of Results page

The Motion Measurements, Main Contacts Open/Close table provides
these measured values:

» Travel from start position until resistor contact part (resistor
contact wipe)

* Velocity averaged over a range of 9 samples centered at
resistor contact part

* Time from initiation until resistor contact part
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Motion Measurements, Resistor Contacts Open/Close

At Resistor Contact Open .

pe Motion
Channel Label Phase Travel frp_m Average T i Reference
Start Position = .o cipy Initiation™* Channel

(Contact Wipe)

0CB-A CONTACT1 Phase A |+ 144.8 mm 3.669 m/s 75.7 ms TRAVEL 1
QOCB-B CONTACTZ Phase B | 143.4 mm 3.669 m/s 72.3ms TRAVEL 1
0OCB-C CONTACT3 Phase C | 139.4 mm 3.634 m/s 74.2 ms TRAVEL 1

* Velocity is averaged over a range of 9 samples centered on the event.

** Measured relative to the time of test triggering

Figure 187 Resistor Contact Open/Close Data for Trip Test

Close Test Results

This section provides a complete set of sample results for a Close test.

Plotted Results

Location: Test Results tab of Plots page

Close Command
Close Current
A

TRAVEL 1
mm

WVEL. 1
mfs

Main Contads
0-R-C
Main Contads
0-R-C

Main Contads
0-R-C

bl

i1 ™~

0+

100 4

-150 4

200

-250 4

300

-350 4

N

NS

O@moOo@m003 0
-

-

o
n_nr

T T T T
50 100 150 200 250
Sample timein ms

Figure 188 Plotted Results of Close Test
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9. Displaying and Interpreting Test Results

Main Contact Data

Location: Main Contacts tab of Results page

The Main Contact Timing Measurements table presents the following
data:
* Measured values (Main Contact Close Timing, Synchronization)

* Manufacturer’s limits (Main Contact Close Timing,
Synchronization)

e P r Warnin tat
ass,{_rfo arning | /fy | status

Main Contact Timing Measurements

Timing Reference:

From Test Initiation (E e Uiy
Swnchranization
Channel ID Label Phase Contact Timing
In Breaker
OCB-A COMTACTL | Phass A v 158.3ms g
OCE-B COMTACTZ © PhaseB 158.0 ms aff 0.3ms c.f
0CB-C COMTACTS  PhaseC v 158.1 ms a,f

Close Limits

Maximum 250.0 ms 4.2 ms

Minimun 150.0 ms

Figure 189 Main Contact Timing Data of Close Test

Resistor Data

Location: Resistor Contacts tab of Results page
The Resistor Contact Timing Measurements table presents this data:

* Measured values:
* Resistor Close Timing and Synchronization from Test Initia-
tion
* Resistor Close Timing and Synchronization Relative to Main
Contact
* Manufacturer’s limits (Resistor Close Timing)
+ Pass ,::fﬁ’ or Warning | /fy | status
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Resistor Contact Timing Measurements
Resistor Close Timing Resistor Close Timing
From Test Initiation Relative to Main Contact
Synchronization Synchronization
Channel ID Label Phase Resistance Contact Timing Contact Tirming
In Breaker In Bresker
OCB-A CONTACTI  Phased * Lims g Hzms  af
OCB-B CONTACTZ  PhaseB  w * 112.4 ms gff Slms gf 45.6 ms gff 4.9ms gf
OCB-C CONTACTS  PhaseC v * 0oms g 9ims  af
Close Limnits Close Limits
Maximum @ 140.0 ms S.4ms 60.0ms 5.4 ms
Minimum * 100.0 ms 30.0ms

Figure 190 Resistor Contact Timing Data for Close Test

Motion Data
Location: Motion tab of Results page

The Motion Measurements table provides these measured values:

* Measured values (Zone Average Velocity, Travel)

* Manufacturer’s limits (Zone Average Velocity, Travel)
» Contact Wipe (Open Test Only)

e Pass ,::fﬁ’ or Warning | /f | status

Motion Measurements
Zone Velodities Travel
Channel and
Cosa
Phase Total Travel Overtravel Rebound Contact Wips
Close Zone 1 Cose Zone 2
Motion-1 Zone Type Dist; Dist \f Dist; Dist ‘{(
Maasured 4.130 m/s & - 199.7 mm & 0.1 mm 0.1 mm 15.2 mm
(TRAVEL 2)
Max 4.500 m/s o 240.0 mm =
Phase B Limits
Min 3.700 m/s . 160.0 mm

Figure 191 Motion Data for Close Test

Motion at Main Open/Close Data

Location: Motion at Main Open/Close tab of Results page

The Motion Measurements, Main Contacts Open/Close table provides
these measured values:

» Travel from start position to main contact touch

» Velocity averaged over a range of 9 samples centered at main
contact touch

+ Time from initiation until main contact touch
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9. Displaying and Interpreting Test Results

Motion Measurements, Main Contacts Open/Close

At Main Contact Close L
Channel Label Phase Travel from Average Time from Reference
Start Position :  Velocity™ Initiation™* Channel
0OCB-A CONTACT1 Phase A T 174.2 mm 2.281 mfs 144.3 ms TRAVEL 3
OCE-B CONTACT2 Phase B T 172.3 mm 2.632 mfs 143.6 ms TRAVEL 3
0OCB-C CONTACT3 Phase C T 175.4 mm 2.281 mfs 144.9 ms TRAVEL 3

* Velocity is averaged over a range of 9 samples centered on the event.

** Measured relative to the time of test triggering

Figure 192 Main Contact Open/Close Data for Close Test

Motion at Resistor Open/Close Data

Location: Motion at Resistor Open/Close tab of Results page

The Motion Measurements, Main Contacts Open/Close table provides
these measured values:

Travel from start position to resistor contact touch

Velocity averaged over a range of 9 samples centered at
resistor contact touch

Time from initiation until resistor contact touch

Motion Measurements, Resistor Contacts Open/Close

At Resistor Contact Close L
Channel Label Phase Travel from Average Time from Reference
Start Position :  Velocity™ Initiation™* Channel
0OCB-A CONTACT1 Phase A T 141.3 mm 3.860 m/s 133.6 ms TRAVEL 3
OCE-B CONTACT2 Phase B T 138.6 mm 3.684 m/s 132.9 ms TRAVEL 3
0OCB-C CONTACT3 Phase C T 142.4 mm 3.684 m/s 133.9 ms TRAVEL 3

* Velocity is averaged over a range of 9 samples centered on the event.

** Measured relative to the time of test triggering

Figure 193 Resistor Contact Open/Close Data for Close Test

Reclosing Test Results

This section provides a complete set of sample results for a Reclosing
test.

Plotted Results

Location: Test Results tab of Plots page
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Figure 194 Plotted Results of Reclosing Test

Main Contact Data

Location: Main Contacts tab of Results page

The Main Contact Timing Measurements table presents the following
data:
* Measured values:
* Main Contact Reclosing Open-Close Timing
» Total Reclosing Timing
» Reclosing Synchronization
* Initial Trip Timing
* Initial Trip Synchronization
* Manufacturer’s limits:
* Main Contact Reclosing Open-Close Timing
» Total Reclosing Timing
* Reclosing Synchronization
+ Pass ,;:_fﬁ' or Warning | /fy | status
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9. Displaying and Interpreting Test Results

Main Contact Timing Measurements

Timing Reference: Reclose Open- o . S
From Test Initiation Close Timing Total Reclose Timing Initial Trip Timing
Synchronization Swnchronization
Channel ID Label Phase In Breaker Contact Timing Cantact Tirming
In Breaker In Breaker
QCB-A CONTACTI Phase &« 364.5 ms {f 34.8ms
OCB-B COMNTACTZ Fhase B » 328.8 ms 365.1 ms {" 0.6 ms 35.3ms 0.9 ms
QCB-C CONTACTS Phase C  w 364.6 ms {f 35.7ms
Recloze _OF-en-Close Recloze Lirits
Lirnits
Maximum * 383.3ms =
Minimum * 350.0 ms

Figure 195 Main Contact Timing Data of Reclosing Test

Motion Data

Location: Motion tab of Results page

The Motion Measurements table presents data for the Open portion of
the Reclosing test:

* Measured values (Zone Average Velocity, Travel)

* Manufacturer’s limits (Zone Average Velocity, Travel)

« Pass [4#]or Warning | /fy | status

TR
Data is not provided for the Close portion of the Reclosing test on the
Motion tab.
Maotion Measurements
Zone Yelocities Travel
Channel and
i
Phase = Total Travel
Cpen Zone 1 Cpen fone 2
) Zone Type Disk; Disk Disk; Disk
Motion-1
Measured 1289fs & * s216in 4
{TRAYEL 1) b .
Max 14.00 Ffs £ 5,500 in
Phase A Lirnits
Min 12.00 Ffs * 5,000 in
Figure 196 Motion Data for Reclosing Test
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Motion at Main Open/Close Data

Location: Motion at Main Open/Close tab of Results page

The Motion Measurements, Main Contacts Open/Close table presents
data for the Open portion of the Reclosing test:

» Travel from start position until main contact part (main contact
wipe)

» Velocity averaged over a range of 9 samples centered at main
contact part

* Time from initiation until main contact part

Data is not provided for the Close portion of the Reclosing test on the
Motion at Main Open/Close tab.

Motion Measurements, Main Contacts Open/Close
At Main Contact Open
e i R Travel from . Pwerage Time from . "Dﬁ‘::“h:::rm
Stam Postion Velooin™ Iniziation™
0CB-A CONTACT1 Phase C ' 47.1 mm 6.703 mfs 17.2 ms TRAVEL 2
0CB-B CONTACT2 Phase B ’ 46,4 mm 6.562 mfs 17.1 ms TRAVEL 2
0CB-C CONTACT3 Phase A ' 47.1 mm 6.703 mfs 17.2 ms TRAVEL 2

Figure 197 Motion at Main Open/Close for Reclosing Test

TripFree Test Results

This section provides a complete set of sample results for a TripFree
test.

Plotted Results

Location: Test Results tab of Plots page
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9. Displaying and Interpreting Test Results

Liase Lurrent

Matian Channels
in

Figure 198 Plotted Results of TripFree Test

Main Contact Data

Location: Main Contacts tab of Results page

The Main Contact Timing Measurements table presents the following
data:

* Measured values:

» TripFree Close-Open [Dwell] Timing

» Total TripFree Timing

» Total TripFree Synchronization

* Initial Close Timing

» Initial Close Synchronization
» Manufacturer’s limits (TripFree Close-Open [Dwell] Timing)
+ Pass ij’ or Warning | /f | status

e Contact Timing Messsrermests

Tirsing Ralaransat
From Teah Tniliatien

Beal MY Mhan s o 1543
- O Phassl v Tine nzes

B-CL L Phasa & (& ETET 1538 ms

s
Hlinimem

Figure 199 Main Contact Timing Data of TripFree Test
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Motion Data

Location: Motion tab of Results page

The Motion Measurements table presents data for the Close portion of
the TripFree test:

* Measured values (Zone Average Velocity, Travel)

» Manufacturer’s limits (Zone Average Velocity, Travel)

e Pass ,::fﬁ’ or Warning | /f | status

Data is not provided for the Open portion of the TripFree test on the
Motion tab.

Motion Measurements
Zone Velocities Travel
Channel and i
Phase Total Travel
: Close Zone 1 Close Zone 2
Motion-1 Zone Type | Dist; Dist Dist; Dist _
Measured . See note : See note . 106.8 mm z(tf’
* * : 127.0 mm
Phase A * * . 76.2mm
MNote: In a TripFree or C-O test, zone velocities are not measured for
distance-distance or distance-time zones

Figure 200 Motion Data for TripFree Test

Motion at Main Open/Close Data

Location: Motion at Main Open/Close tab of Results page

The Motion Measurements, Main Contacts Open/Close table presents
data for the Close portion of the TripFree test:
» Travel from start position until main contact touch

* Velocity averaged over a range of 9 samples centered at main
contact touch

 Time from initiation until main contact touch

Data is not provided for the Open portion of the TripFree test on the
Motion at Main Open/Close tab.
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9. Displaying and Interpreting Test Results

Motion Measurements, Main Contacts Open/Close

At Main Contact Close L
Channel Label Phase Travel from Average Time from Reference
Start Position :  Velocity™ Initiation™* Channel
0OCB-A CONTACT1 Phase A T 73.8 mm 2.258 m(s 72.4 ms TRAVEL 1
OCE-B CONTACT2 Phase B T 72.4 mm 2.293 mfs 71.8 ms TRAVEL 1
0OCB-C CONTACT3 Phase C T 73.5 mm 2.293 mfs 72.3 ms TRAVEL 1

* Velocity is averaged over a range of 9 samples centered on the event.

** Measured relative to the time of test triggering

Figure 201 Main Contact Open/Close Data for TripFree Test

O-C-0O Test Results

This section provides a complete set of sample results for an O-C-O
test.

Plotted Results

Location: Test Results tab of Plots page

Close Commiand 4 r 1
Trip Command | 1 r
Close Current B4 ———
Trip CAun'ent 04 e
A B

Motion Channels

Velodiies 0 ral M P
mjs w W
OCB Contats
0-R-C :

oc8 Cortacs ]
Total samples: 16,000 : » ° ° ® - samplenlré»:mm = = = = lrmll.s:cé:mﬂ—m;l
Figure 202 Plotted Results of O-C-O Test
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Main Contact Data

Location: Main Contacts tab of Results page

The Main Contact Timing Measurements table presents the following
data:
* Measured values:
» Total O-C-O Timing
» Total O-C-O Synchronization
e Initial Trip Timing
» Initial Trip Synchronization
» Initial Close Timing
* Initial Close Synchronization

Main Contact Timing Measurements

Timing Reference:

From Test Initiation Total 0-C-D Timing Initial Trip Timing Initial Close Timing

Synchronizat tion Synchronizal tion Synchronizal tion
Channel ID Label Phase Contact Timing Contact Timing Contact Timing
In Braaker In Brasker In Brasker
OCB-A COMTACT Phase &« 429.9 ms 12.4ms 104.8 ms
OCB-B CONTACTZ PhaseB 429.3 ms 0.6 ms 11.9ms 0.5 ms 104.7 ms 0.1 ms

OCE-C CONTACTS Phase ¢+ 429.7 ms 12.2ms 104.8 ms

Figure 203 Main Contact Timing Data of O-C-O Test

Motion Data

Location: Motion tab of Results page

The Motion Measurements table presents data for the Initial Open
portion of the test:

* Measured values (Travel)

» Manufacturer’s limits (Travel)

« Pass ,::fﬁ’ or Warning | /fy | status

Data is not provided for the Close or Second Open portions of the
O-C-O test on the Motion tab.
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9. Displaying and Interpreting Test Results

Motion Measurements

Travel
Channel and

Phase Total Travel
Motion-1 cane Tvpe
Measured 71.5* &
{TRAVEL 1}
Tar 47.0%
Phase A iyt
Min 43.0%

Figure 204 Motion Data for O-C-O Test

Motion at Main Open/Close Data

Location: Motion at Main Open/Close tab of Results page

The Motion Measurements, Main Contacts Open/Close table provides
data for the Initial Open portion of the test:

» Travel from start position to main contact open

* Velocity averaged over a range of 9 samples centered at main
contact open

* Time from initiation to main contact open

Data is not provided for the Close or Second Open portions of the
O-C-O test on the Motion at Main Open/Close tab.

Motion Measurements, Main Contacts Open/Close

At Main Contact O -
ain Conf pen Motion
Channel Label Phase Travel from Average Time from Re::;rencl.e
Start Position :  Velocity™ Initiation** Channe|
0OCB-A CONTACT1 Phase A T 32.7 mm 3.916 m/s 28.5 ms TRAVEL 1
OCE-B CONTACT2 Phase B T 30.7 mm 3.739 m/s 28.0 ms TRAVEL 1
0OCB-C CONTACT3 Phase C T 33.1 mm 3.951 mys 28.6 ms TRAVEL 1

* Velocity is averaged over a range of 9 samples centered on the event.

** Measured relative to the time of test triggering

Figure 205 Main Contact Open/Close Data for O-C-O Test
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Creating Reports
You can tailor a report that meets your requirements, print it, save it to
one of several file formats, or export it to Microsoft Excel. To do this:
1. Click the Reports tab.
The Report Selectors subtab opens (see Figure 206).

/FE]/Breaker }/Test Plan ]/Resuﬂs Plots |“¢) Instrument /" Reports }/Preferencesf Help

Design, Display, and Generate
Custom Reports

‘ Preview H Print H To PDF H To Word H To Excel

Report Selectors}/Repon Styling]

Report Title T-Doble Test Details Report

Reporting Window
@) All Available
Recent Tests (months) | 12 =
From May 31, 201~ To |May 31, 201+

Select Tests to Report

Type Last Run Status
Bl New Test Resuft Breaker Test Plan
- Test Result TripFree (CO) 2007-1ul-25 15:54 Fail X

Select None  Select All

Select Content

Figure 206 Design Page of Reports Tab

2. Describe the purpose of this window.
3. Click Select Content at the bottom of the window.
The content selection window appears (Figure 207).
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9. Displaying and Interpreting Test Results

Breaker Information
7| Nameplate ¥| Motion Limits

| Basic Limits

Test Plan
¥| Main Contacts Setup ¥| Triggering, Timing Setu
7| Motion Channels Setu | First Trip Setup
7| Analog, Aux Channels 5 | Test Plan Notes

| Test Setup

Test Results

¥| Main Contact V| Advanced
| Resistor Contact | First Trip
¥| Motion | Capacitance
¥| Motion at Main Contact Ope | Test Result Notes
7| Motion at Resistor Contact Ope
Plots
V] Plots Select All
7| Plot Overlays Select None

‘ OK | ‘ Cancel

Figure 207 Content Selection Window

4. From the Breaker Information, Test Plan, Test Results, and Plots
sections, select the elements you wish to include in the report, and
click OK.

5. Click the Report Styling tab (Figure 208).

Report Selel:lo@)"Repun Sty\ing"

Report Styling

Header

Footer *

Tcon file path = <default Doble logo> -]
(*.qif, *.bmp, *.jpeg, *.png, *.ico, *.tiff)

* Leave blank for default value

Figure 208 Report Styling Tab

6. Enter any desired header and footer text, and select an icon file if
desired. The icon appears in the upper right-hand corner of the first
page of the report.

(M 72A-3236-01  Rev.B  07/2013 219
et b



TDR9100™ and T-Doble 3.3 Circuit Breaker Test System User Guide

7. Click one of these buttons:
» Preview—Displays the report online exactly as it will appear in
print
*  Print—Prints the report
» Excel—Exports report data to an Excel spreadsheet
Figure 209 shows a sample Excel spreadsheet containing report

data.The sample here contains 18 tabs; the Test Setup tab is
displayed.

Microsoft Excel - TBO169_7-25-2007_155135_Reclose.xls

M - pi
A | B
Tnp/Close Ranges
1
5 Trip Current 20 8,
5 Cloze Current 204
Recording Parameters
)
6 Sample Time 0.1 mz
7 Sampling A ate 10,000 Hz
g Recording Time [after Trigger] 200.0 mz
10 [5amplez) a000
1z Pretrigger Time 0.0 mz
13 [5amplesz) 0
Bounce Discnminator
4 4 ¢ MW/ 3 Mation Limits % 4. Test Setup /5. Test Setup 4 6. N

Figure 209 Sample Excel Spreadsheet
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A. Maintenance

This appendix provides maintenance procedures for the TDR9100. It

contains the following sections:

* “TDR Instrument Rules for Safe Operation” on page 221
* “Cleaning the TDR9100” on page 222

TDR Instrument Rules for Safe Operation

WARNING!

AN

Always follow these guidelines to operate the system safely.

» Always install the Safety Ground cables when using the system

in the field.

» Power the TDR9100 using the correct electrical line voltage to

avoid electrical short circuits, 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 TDR9100.

* Never insert metal objects, such as screwdrivers or paper clips,

inside the TDR9100 while power is ON.

* Unplug the TDR9100 if it is not to be used for an extended

period of time. Also unplug it before cleaning it.

» |fthe TDR9100 is dropped, have it checked by a qualified

service technician before placing it back in service. Dropping

the TDR9100 can disturb the insulation system.

* Do not place the TDR9100 in excessively warm or humid

locations.

doble

72A-3236-01

Rev. B 07/2013

221



TDR9100™ and T-Doble 3.3 Circuit Breaker Test System User Guide

Cleaning the TDR9100

NOTE

As part of normal maintenance, sponge the outer case and front panel
of the TDR9100 with a mild soap solution and wipe them dry with a
clean cloth or paper towel. DO NOT use household cleaners containing

chlorinated or abrasive compounds. DO NOT spray liquids directly onto
the TDR9100.

Do not use flammable liquids, such as gasoline or lighter fluid, for
cleaning electrodes, electrical components, or moving parts. Disconnect

the TDR9100's power cord and all other external cables before cleaning or
removing the TDR9100 cover.
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B. Error Messages

If T-Doble detects a conflict between test plan specifications and the
actual hardware setup, a Test Cancelled error message appears.
See Figure 210.

Test Cancelled

The Instrument setup is not compatibile with the test plan.
Please correct the following problems:

RFequired OCE cable is not plugged in

Wation channel Motion-1 s not connected
Wation channel Motion-2 s not connected
Mation channel Motion-3 15 not connected

(04

Figure 210 “Test Cancelled” Error Message

N 72A-3236-01 Rev.B  07/2013 223
it &



TDR9100™ and T-Doble 3.3 Circuit Breaker Test System User Guide

At other times, a Test Fai led error message appears. The
information at the bottom of the window varies according to the nature
of the hardware problem. Figure 211 shows an example.

Test Failed 3

"j Error from TDR Instrument
Ld

Test Failed to run,

Required OCE cable is not plugged in
Motion channel Motion-1 is not connected

Figure 211 “Test Failed” Error Message

You may be able to resolve the problem by following this procedure:

1. Ensure that the equipment under test does not exceed TDR9100
operating limits.

2. Investigate the specific items mentioned in the text of the error
message.

3. Call Customer Service.
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C. Concepts of Operation

Channel Types

This appendix explains the concepts of TDR9100 operation. It contains
the following sections:

* “Channel Types” on page 225

o “Circuit Breaker Control” on page 227

» “System Operation” on page 227

The TDR9100 is a multi-purpose data recorder outfitted with various
signal sources and receiver channels. It supports these channel types:

* Main and Resistor Contact timing

* Resistor Contact resistance measurement

» Grading Capacitor capacitance measurement

* Motion (transducer input) channels

* Auxiliary contact timing channels

» Analog (voltage) channels
All channels are collected and forwarded to the controller for
processing. Data processing creates measurements, compares them

to specifications (circuit breaker vendor limits or learned results shared
between utilities), and produces Pass/Warning decisions.

Main Contact Timing

Contact timing is performed 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 TDR9100. 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 one of four selectable sample rates and stored in a circular
buffer for transfer to the computer.

doble
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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 ps and is sampled at 2 MHz.

Resistor Contact Timing

Motion Channels

Resistor contact 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
resistive state.

Motion channels accept inputs from Doble motion transducers. The
transducers output two quadrature signals generated from optical
sensors that 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 in/0.318 mm (0.09° for rotary motion) imposed on
the transducer. The transitions are counted and sampled. The direction
of movement is identified by which quadrature signal 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

Analog 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 the selected sample rate.

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 the selected
sample rate.
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C. Concepts of Operation

Circuit Breaker Control

The system includes 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 both the Trip channel and 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 TDR9100, 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.

» Once the safety switch is pressed, voltage is supplied to one
side of the relay coil.

» 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.

System Operation

Test Execution

Data Transfer

The system is composed of two functional components: the TDR9100
and T-Doble, the controller software that runs on a controller PC.

The operator initiates the test, which 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. Each main contact channel,
analog channel, or auxiliary contact channel is a single channel. The
internal Trip and Close coil current channels are individual channels.
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Data is compressed and transferred to the controller at rates that vary
with the communication method (USB or Ethernet). The different
channel types compress to varying degrees depending on content:
timing channels compress very well; analog channels do not.

Results Processing

T-Doble 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 compared to the circuit breaker
specifications included in the test plan. A Pass/Warning 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.
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D. Parts

Cable Bags and Individual Cables

TDR9100 Basic Cable Bag and Individual Components

Table 18 TDR9100 Cable Bag and Individual Components

Picture Description P/N No.

Basic cable bag

containing:

» Breaker control cable

* Ground cable

» Safety switch

« Ethernet crossover 071-0073-01 | 1
(X-over) cable

+ USB cable

* CD of T-Doble software

* TDR9100 Quick Start
Guide

Components sold individually:

Breaker Control Cable 02B-0013-06 | 1

N 72A-3236-01 Rev.B  07/2013 229
et



TDR9100™ and T-Doble 3.3 Circuit Breaker Test System User Guide

Table 18 TDR9100 Cable Bag and Individual Components

Picture Description P/N No.

Ground Cable, 30 ft 02C-0019-01 | 1

Safety Switch, 25 ft 02B-0050-10 | 1

Ethernet crossover

(X-over) cable RJ45 181-0646 1

USB Cable, type A-B 181-0585 1
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Table 18 TDR9100 Cable Bag and Individual Components

Picture Description P/N No.

T-Doble software on CD.

Download from
http://www.doble.com/support/download_tdoble-t
— dr-trx.html or call Doble.

CIRCWT BREAKER SYSTEM

Canvas cable bag, large 2FB-3449-01 | 1

Ganging Cables

Table 19 Ganging Cables

Picture Description P/N No.
Ganging cable, 60 ft 05B-0965-01 | 1
Ganging cable, 10 ft 05B-0965-02 | 1

Main Contact (OCB) Cable
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Table 20 Main Contact (OCB) Cable and Ganging Cables

Picture Description P/N No.

OCB Cable:

60 ft overall length 05B-0620-01 | 1
* 45 ft trunk length

» 15 ft branch length

EHV Cable Bag #1 and Individual Cables

Table 21 EHV Cable Bag #1 and Individual Components

Picture Description P/N No.

Cable bag containing three

EHV cables for channels

1-2.

» Each cable is labeled
red, yellow, or blue.

» Two breaks per phase
each.

¢« One common
connection.

» Standard length: 60 ft.

020-0127-01 | 1

Components sold individually:

EHV, ch 1-2, red label 05B-0621-01 |1

EHV, ch 1-2, yellow label 05B-0621-02 | 1

EHV, ch 1-2, blue label 05B-0621-03 | 1

Sample Photo
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Table 21 EHV Cable Bag #1 and Individual Components

Picture Description P/N No.

Cable bag, large 2FB-3449-01 | 1

EHV Cable Bag #2 and Individual Cables

Table 22 EHV Cable Bag #2 and Individual Components

Picture Description P/N No.

Cable bag containing three

EHV cables for channels

3-4.

» Each cable is labeled
red, yellow, or blue.

» Two breaks per phase
each.

¢« One common
connection.

» Standard length: 60 ft.

020-0127-02 | 1

Components sold individually:

EHV, ch 3-4, red label 05B-0621-04 | 1

EHV, ch 3-4, yellow label 05B-0621-05 | 1

EHV, ch 3-4, blue label 05B-0621-06 | 1

Sample Photo
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Table 22 EHV Cable Bag #2 and Individual Components

Picture Description P/N No.

Cable bag, large 2FB-3449-01 1

Cable Bag with 3 Auxiliary and 3 Analog Cables

Table 23 Cable Bag with 3 Auxiliary and 3 Analog Cables

Picture Description P/N No.

Cable bag containing 2
kits:

Cable kit 071-0024-01:

» 3 auxiliary cables
labeled red, yellow, and
blue

» 3 analog cables labeled
red, yellow, and blue T9940 1

Plug adapters and clips

kit 071-0023-01:

» 3red plug adapters
3 black plug adapters
3 red crocodile clips
3 black crocodile clips
6 white crocodile clips
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Table 23 Cable Bag with 3 Auxiliary and 3 Analog Cables

TN 72A-3236-01 Rev.B  07/2013
e

Picture Description P/N No.
Components sold individually:
Auxiliary cable, red label 05B-0635-01 | 1
Auxiliary cable, yellow 05B-0635-02 | 1
label
Auxiliary cable, blue label | 05B-0635-03 | 1
Analog cable, red label 05B-0634-01 | 1
Analog cable, yellow label | 05B-0634-02 | 1
Analog cable, blue label 05B-0634-03 | 1
Cable bag, small 2FB-3450-01 | 1
Plug adapter, black 212-0540 3
Plug adapter, red 212-0541 3
Crocodile clip, black 212-0542 3
Crocodile clip, red 212-0543 3
Crocodile clip, white 212-0544 6
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Cable Bag with 6 Analog Cables

Table 24 Cable Bag with 6 Analog Cables

Picture Description P/N No.

Cable bag containing:

« 2 analog cables, red
label

» 2 analog cables, yellow
label

» 2 analog cables, blue T9950 1
label

» 6 red plug adapters

* 6 black plug adapters

* 6 red crocodile clips

» 6 black crocodile clips

Components sold individually:

Analog cables, red label 05B-0634-01 | 2

Analog cables, yellow label | 05B-0634-02 | 2

Analog cables, blue label 05B-0634-03 | 2

Cable bag, small 2FB-3450-01 | 1
Plug adapter, black 212-0540 6
Plug adapter, red 212-0541 6
Crocodile clip, black 212-0542 6
Crocodile clip, red 212-0543 6
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Transducers and Transducer Cables

TR3170 Gold Rotary Transducer Kit

Table 25 TR3170 Gold Rotary Transducer Kit

Picture Description P/N No.
i il Complete kit containing:
s 4 * TR3170 Gold Rotary
e TR3170 1
T Transducer
» 40-ft cable

Motion cable, 40 ft

181-0107 1

Cable bag, small

2FB-3450-01 | 1

TR3171 AHMA 4/8 Transducer/Adapter

Table 26 TR3171 AHMA 4/8 Transducer/Adapter

» Software CD

Picture Description P/N No.
. Complete kit containing:
i"m « TR3171 AHMA 4/8
Transducer/Adapter TR3171 1
» 40-ft. cable

Motion cable, 40 ft

181-0107 1

TN 72A-3236-01 Rev. B
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Table 26 TR3171 AHMA 4/8 Transducer/Adapter (Continued)

Picture Description P/N No.

Cable bag, small 2FB-3450-01 | 1

TR3186 ABB HMB 4/8 Rotary Transducer

Table 27 TR3186 ABB HMB 4/8 Rotary Transducer

Picture Description P/N No.
Complete kit containing:
 TR3186 ABB HMB-4/8
Rotary Transducer TR3186 1
Assembly
» 40-ft cable
Motion cable, 40 ft 181-0107 1
Cable bag, small 2FB-3450-01 | 1
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TR3189 ABB HMB 4/8/11 Rotary Transducer

Table 28 TR3189 ABB HMB 4/8/11 Rotary Transducer

Picture Description P/N No.

Complete kit containing:

e TR3189 ABB HMB
4/8/11 Linear Transducer TR3189 1
Assembly

» 40-ft cable

» User documentation

Motion cable, 40 ft 181-0107 1
Cable bag, small 2FB-3450-01 | 1
Installation instructions 72A-2658-01 |1
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TR3190 Digital Rotary and Linear Transducer

Table 29 TR3190 Digital Rotary and Linear Transducer

Picture

Description

P/N No.

Complete kit containing:
» TR3190 Digital Rotary

Linear Transducer
» Travel Rod
» 40-ft cable

TR3190 1

No picture

Travel Rod

Call Doble 1

r

Motion cable, 40 ft

181-0107 1

Cable bag, small

2FB-3450-01 | 1

Transducer Cables

Table 30 Transducer Cables

Picture

Description

P/N No.

Y

Motion cable, 40 ft

181-0107 1

Motion cable, 60 ft

181-0512 1

Motion cable, 100 ft

181-0510 1
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Adapters and Clips

Crocodile Clip and Plug Adapter Kit and Individual Components

Table 31 Crocodile Clips and Plug Adapters

Picture Description P/N No.
Terminal Kit from
Event/Analog Cable Set 017002301 | 1
Components sold individually:
Plug, adapter, black, 4 mm 212-0540 3
socket
Plug, adapter, red, 4 mm 212-0541 3
socket
See photo above Clip, crocodile, black, 4 212-0542 3
mm socket
Clip, crocodile, red, 4mm | , ., o=/ 3
socket
Clip, crocodile, white, 4 212-0544 6
mm socket
Mechanical Adapter Kit
Table 32 Mechanical Adapter Kit
TR3185 Mechanical 030-1422-02 | 1
( adapter
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Miscellaneous ltems

Picture Description P/N No.
No |_mage Doble Current Probe 401-0055 1
available

Safety Bypass Flag 05C-0648-01 | 1

Fuse, 3.0A, 250V, 3AG,

SLO-BLO 384-0002 2

Power cord
Call Doble for replacement.

242 72A-3236-01 Rev.B  07/2013 @y
et



E. TDR9100 Circuit Breaker Test System
Specifications

This appendix provides the specifications for the TDR9100 and its
operations.

NOTE! Specifications are subject to change without notice. For more
information, email TDRInfo@doble.com.

General Specifications

Table 33 TDR9100 General Specifications

Characteristic Description

» 25 seconds, all channels, 20 kHz (max
resolution)

Recordings » 50 seconds, all channels, 10 kHz

* 8 minutes, all channels, 1 kHz

» 80 minutes, all channels, 100 Hz (min resolution)

Communicatio

N USB or Ethernet

» Safety Ground
Safety » Safety Switch (local and remote)
» Audible Indication (test in progress)
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Physical Specifications

Table 34 TDR9100 Physical Specifications

Characteristic Description
Dimensions 53.5x41x22cm
Weight 24 Ibs (11 kg)
Power Supply 100 V to 240V, 50/60 Hz

Temperature

* 0°Cto 50 °C operating
e -25°C to 70 °C storage

Humidity Up to 95% relative humidity, non-condensing

Main Contact and Resistor Contact Timing

Table 35 TDR9100 Main Contact and Resistor Contact Timing

Characteristic Description
Number of Phases 3
Breaks Per Phase 4
OCB Configuration 3 contacts

EHV Configuration

12 contacts

Resolution

50 ps

Resistor Detection Range

10 Ohms to 10 kOhms

Voltage Isolation to
Chassis

1000 V
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Trip/Close Initiation Control

Table 36 TDR9100 Trip/Close Initiation Control

Characteristic

Description

Maximum Input Current

+ 100 A (momentary)

Maximum Input Voltage

+ 300V

Voltage Isolation to
Chassis

1000 V

Motion Channels

Table 37 TDR9100 Motion Channels

Characteristic Description
Number of Channels 3
Connector 15-pin D
Voltage Isolation to 1000 V

Chassis

Event Channels

Table 38 TDR9100 Analog Measurement Channels

Characteristic Description
Maximum Input Voltage + 300V
L\:/Ir?ggsum \oltage to + 1000 V
Auxiliary Contact Mode
Open Circuit Voltage 29V £ 10%

Close Circuit Current

28 mA = 10%

Open Detection

>+3.5Vand <+35V

Closed Detection

<+3Vand>-3V

G 72A-3236-01
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Table 38 TDR9100 Analog Measurement Channels

Characteristic Description

Wet Detection >+38Vor<-4V

Analog Measurement Mode

Input Impedance 1 M Ohms

Resolution 12 Bit

Ranges 300V, 200V, 100V,50V,20V,10V, 5
V,2V,1V,05Vand0.2V

Accuracy *+ 1% Reading, = 1% Full Scale Offset

Bandwidth DC to 5000 Hz

246 72A-3236-01 Rev.B  07/2013 @y
et



Index

A

activating a test 181
activating Event channels 109
All Phases per Unit ganging configuration
18
analog
channels 111
connections 163, 173
scaling 111
voltage or current magnitude 151
analog voltage measurement connectors,
location of 27
applying power 180
assigning Event channels 109
AUX Contact Trigger In channel 145
Aux, Analog tab 108
auxiliary connections 173
auxiliary contact channels 113, 162
auxiliary contact timing measurement
connectors, location of 27
auxiliary contact transition 154
average velocity
Close 90
Open 82
axis characteristics, setting 190

B

background colors, setting 190

banana jack connectors, location of 27

Basic Limits tab 56

Bounce Discriminator 136

breaker specifications, editing in test
results 201

C

channel IDs

event, assigning 109

for earlier TDR instruments 110
channel mapping for ganged TDR9100s 20
channels

analog 226

and ganged instruments 15

auxiliary 226

colors used in plotting, setting 190

main contact 225

motion 226

pre-insertion resistor 226
circuit breaker

connections 166

preparing for test 160

timing limits 56
Circuit Breaker Control Theory 227
cleaning the TDR9100 222
Close current, magnitude 148
Close Pulse parameter

Close test 119

C-Otest 127

0O-C-0 and O-CO tests 128

TripFree test 120
Close test

Close Pulse parameter 119

initiation 147

overview 119

sample tabulation of results 206
closing time 61
CO parameter

0O-C-0 and O-CO tests 129

TripFree test 121
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C-O test
Close Pulse parameter 127
overview 126
command functions 35
Command Parameters table 117
current measurement, internal, for the Trip
and Close circuits 37
current probe
selection 113
current shunt 165
Cursor Values table 195
cursors
in test results 193
setting default number of 190

D

data transfer theory 227
dead tank
connections 168
setup 101
Delay parameters for O-C-O and O-CO
tests 117
disconnecting the TDR9100 183
Display Units tab 50
Doble probes 164
dwell time 64

E

EHV channels
overview 33
setup 102
EHV connections 162, 170
electrostatic interference, minimizing 160
event channel IDs 109
Event channels 29
activating and assigning 109
and ganging 16
event connections 163, 173
Event connectors, location of 27

F

field testing, safety practices for 44

Files page 53

Files tab 51

first touch tabulation, resistor debounce

values 72

First Trip test
circuit breaker connections 141
configuration for 138
instrument connections 140
overview 137
safety considerations 137

front panel 27, 158

G

ganging
channel mapping in T-Doble 20
Event channels 16
GCB-style main contact test plans 16
Main Contact channels 16
Motion channels 16
OCB-style main contact test plans 16
software setup 19
TDR9100 instruments 15
when to use 16
GCB-style main contact test plans and
ganging 16
General tab 52
graphical results 189
grounding
general requirements 43
overview 161

H

hardware overview 25
high voltages 179

Initial Trip parameter 128
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Index

Instrument tab 49

instrument, selecting 49

internal current measurement for the Trip
and Close circuits 37

L

length unit of measure, setting 50
line thickness, setting 190
linear-to-linear transducer scaling 105
live tank

connections 170

setup 102

M

magnitude
analog voltage or current 151
Close current 148
Main Contact channels and ganging 16
Main Contact Channels tab 101
main contact connections 167
Main Contact Current Channels (C/T) table
139
Motion channels 30
ganging 16
linear transducers 102
rotary transducers 102
Motion Channels tab 102
motion connections 166, 174
motion limit set
assigning to a motion channel 104
motion limit sets, more than one 77
Motion Limits tab 77

N

Nameplate tab 55
neutral-grounded transformers 179

O

O-C parameter
O-C-O and O-CO tests 129
Reclosing test 124

OCB channel

overview 32

setup 101
OCB connections 162, 167
OCB-style main contact test plans and

ganging 16

O-C-O and O-CO tests

Delay parameters 117

overview 127

sample tabulation of results 215
One Phase per Unit ganging 17
opening time 57
overlaying plots 200

P

plots

Cursor Values table 195

cursors in 193

toolbar 191

zooming in and out 193
Plotting tab 190
ports 38
power, applying 180
preferences, setting 50
probe current selection 113
programmable connectors, location of 27

R

Reclose Open-Close Time 65
Reclosing test
O-C parameter 124
overview 123
sample tabulation of results 209
Trip Pulse parameter 123
Reclosing time 63
Record Only test, overview 133
recording parameters 134
reports, creating 218
resistor debounce values for first touch
tabulation 72
resistor timing
Close 69
Open 67
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rotary-to-linear transducer scaling 106

S

safety grounds 178
safety practices 43
saving test results 202
Self-Test, theory 228
Slow Close test see Record Only test
Start Here tab 54
system
preferences 50
theory of operation 227

T

tabular results 186

T-Doble
overview 39

Test Plan page 116

test plans
creating 47
required information 55
selecting 47

test results
cursors in 193
displaying 185
editing breaker specifications 201
interpreting 185
overlaying plots 200
sample Close test tabulation 206
sample O-C-O test tabulation 215
sample Reclosing test tabulation 209
sample Trip test tabulation 202
sample TripFree test tabulation 212
saving 202

tests
activating 181
order of hardware setup 160
triggering limits 143

tests supported 38

time unit of measure, setting 50

timing limits for circuit breakers 56
Close 61
Open 57
Reclose 63
Reclose Open-Close Time 65
TripFree Dwell Time 64
timing reference setup 145
TR3190, configuring 174
transducer scaling
linear to linear 105
resolution 106
rotary to linear 106
travel limits 78
Trigger In/Out connections 174
triggering limits 143
Trip current range 133
Trip Pulse parameter 118
O-C-O and O-CO tests 128
Reclosing test 123
Trip test
overview 118
sample tabulation of results 202
Trip Pulse parameter 118
Trip/Close connections 166, 174
Trip/Close current measurement 37
Trip/Close function 36
ranges 133
TripFree Dwell Time 64
TripFree test
Close Pulse parameter 120
CO parameter 121
overview 120
sample tabulation of results 212

U

units of measure 50

Vv

virtual channels 114
voltage range selection 112
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