TAP-4 CHECKLIST

Zensol recommends to check this list of important points in order to be well prepared to perform tests using
the TAP-4. This process will also help you analyze the results more effectively.

A. Before testing (11 points)

Step Description Result

Al | Make of transformer

A2 | Transformer build date

A3 | Make and model of OLTC

A4 | OLTC build date

A5 | Number of taps (according to EDF, HQ, etc. standards)

A6 | Number of OLTCs similar to the one tested

A7 | OLTC user manual YES NO
A8 | Picture of the transformer YES NO
A9 | Picture of the OLTC YES NO
A10 | Do you know where to install the accelerometers? YES NO
A1l | Do you know where to install the current clamp? YES NO

B. During the tests (7 points)

Step Description Result
B1 | History of interventions on the OLTC YES NO
B2 | Agree with customer on test sequence OFF LINE
-Off line: recommend testing all taps
-On line: to be defined with the customer ON LINE
B3 | Picture of tap configuration YES NO
B4 | Overall picture of transformer with OLTC YES NO

B5 | Picture showing location of accelerometer YES NO




B6 | Picture showing location of current clamp YES NO
B7 | Ensure presence and viability of data files for analysis (raw data) YES NO
C. After testing (7 points)
Systematic analysis method
Step Description Result
c1 Calculate envelopes YES NO
C2 Perform an Excel export to obtain an overview of the results YES NO
C3 Attempt to associate the impacts with the OLTC mechanism in YES NO
order to identify and locate events in the vibro-acoustic trace
ca With all the elements gathered before and during the tests, we
recommend the following visual analysis:
Impact analysis:
- Time between impacts (examine tool)
- Shape (scale tool)
- Amplitudes (examine tool)
- Relative to the end of the current (examine tool)
Superposing and comparing traces:
- odd-numbered vs. even-numbered taps
- rise vs. fall between impacts
- taps of an OLTC compared to one of the same type
- current traces between taps or between OLTCs of the same type
- high frequency vs. low frequency envelopes
C5 Observation and identification of anomalies
C6 Recommendations for future tests
c7 Transfer and sharing of data and pictures with Zensol on DB TAP in | YES NO

an anonymous manner. The DB TAP goal is to build a base of
healthy and unhealthy reference signatures.




EXAMPLE

EFORE TESTING
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A2. Transformer build date | =)
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A3. Make and model of OLTC

4] OLTC build date
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E] Location 0

5] Mumber of taps

A4. OLTC build date
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A6. Number of OLTCs similar to the one tested:
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A7. OLTC user manual:
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A8. Picture of the transformer
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A9. Picture of the OLTC:
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A10. Do you know where to install the acceleromter?

.-1.\".4_‘3!_., 1

5 ;‘5.;!13‘?!5

&




A11. Do you know where to install the current clamp?




B. DURING THE TESTS

B1. History of interventions on the OLTC:
YES.

B2. OFFLINE or ONLINE transformer:
Example 1 : OFFLINE
Example 2 : ONLINE — Tested tap : 5.

B3. Picture of tap configuration:




B4. Overall picture of transformer with OLTC:
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B5. Picture showing location of accelerometer:
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B6. Picture showing location of current clamp:

L3

1y
W 7,
\ Y,
& Z
7, \\\
‘1

P




B7. Ensure presence and viability of dat
Extension : « .wdt »

a files for analysis (raw data):

Fichier Configuration du plan Rapports

Tests Batch Outils de diagnostic  Aide

= B - T e el
%] Dle|enes S| (o] 5] 2e]o || e ] o] 6| | [ X
Test 1: +13' — Page 1. Raw Data — Fichier: denver terminal Ok wdt
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2 denvef terminal | -4: ABB pts: 247994
|
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Tap-4 Mon Feb 07 13:44:09 2011
[EZ] Zensol Automation Inc. - OpenZen i S

Fichier Configuration du plen Repports Tests Batch Outils de diagnostic Aide

55| ©l e 855 5| | o | D = 5
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C. AFTER TESTING
C1. Calculate envelopes:

Fichier Configuration du plan Rapports Tests Bateh Outils de diagnostic  Aide

Fichier Configuration du plan Rapports Tests Batch Outils de diagnostic Aide
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C2. Perform an Excel export to obtain an overview of the results:

Test Summary Sheet before export:

NCEEEED)

TAP-Report_English.ds [Mode de compatibilité] - Microsoft Excel

— Accueil Insertion Mise en page Formules Données Révision Affichage Netviewer
3 i Arial -l ~llA A= =||®~| | E¥Renvoyer i laligne automatiquement | Texte - Eﬂg :‘jﬂ
Caller B Fusionner et centrer ~ $ - % 000|[ %3 %8| Mise enforme Mettre sous fon
< == ' | conditionnelle~  de tableau~
Presse-.. = Police & Alignement (F] Nombre L] Style
\ A6O - £
A B c D E F G H J K L M
1
5 Test Summary - TAP-4
3 @LRo @R0 @LRa @ra Test time Values lower then threshold
4 |@LR1 @Rr1 @LR5 @RS Values in the average
5 @LR2 @R2 @LR6 @R6 @Rrs Values higher then threshold
6 [@LR3 @R3 @LRT @R7

8 Length Summary |
9

10 Average operation length
11 Fastest operation:

12 Slowest operation:

13

Total number of operations:
Operations 30% faster then average:
Operations 30% slower then average

14

15
16
17 | Current Average:
18 Lowest current:
19 Highest current
20

Current average Summary |

Total number of operations:
Currents 30% lower then average:
Currents 30% higher then average

2

22 Inrush Summary |
23

24 \Inrush Average
25 |Lowestinrush:
26 Highestinrush:

Total number of operations:
Inrushs 30% lower then average:
Inrushs 30% higher then average:

27
28
29 End of operation Summary
30
e . oo rrrrr— o
M 4 » M| Test summary < Tap detais < ¥J [
Prét  Référence circulaire : G59 Nb (non vides) :
.
Tap details sheet before export:
( FE = TAP-Report_English.xds [Mode de compatibilité] - Microsoft Excel =
i) ) . 7
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| K123 - £
A B c D E F G H | J K L M N [0]
1
2 Results - TAP-4 Values lower then threshold
3 ELRU @RU @LR“ @R“- Test time Values in the average
4 @R @r1 @Lrs @rs Values higher then threshold
5 @LR2 @R2 @LR6 @RE @rs
6 @LR3 @R2 |@Lr? @RT
7 CURRENT | ACCELEROMETER1 ACCELEROMET
8 Testnum. Tap name  Operation length| Current average Inrush Current delta_Ind of operation time HF MAX | LF MAX___ HF/LF RATIO
9 Time in ms Current in Amps. [Time inms Acceleration in G
10 Averages: 0.00 0 0 0 0 #DIVIO! FZDIVI0! F=DIViO!
1 1 NomTest[1 perat @ @ g @H AL VALEURI @Hax2] @LMax2]
12 2 @Nom p @ @ @ @ @Lf #VALEUR
13 Nom p g @ @ @ g
14 4 @Non p g a @ a @
15 Nom perat @ @ g @ @ @
16 5 Norm perat @ 6 @ 6 6 g 6 & 6 @ 6 @HMax2] @LMax2[
17 7 NomTest[7 perat @ 3 g g 8 @HMax2| @LMax2]
18 ] NomTest[d p @ a @ a g
19 9 @Nom p @ @ @ a @
20 10 Nom p g 0 @ 0 0 g 0 @ 0@ 0
21 11 @Non p @ a @ g g
22 12 @Nom p @ @ @ a @
23 13 Norm perat @ @ g & @ @HMax2] @LMax2[
24 1 @Nom perat @ 3 g g 8 @HMax2| @LMax2]
25 15 @Nom p @ a @ a g
26 16 Nom p @ 6 @ 6 6 @ 6 @ 6 @ 6
27 17 @Nom p g @ @ @ g
28 18 @Non p @ a @ g g
29 19 @Nom p @ @ @ a @
30 20 @NomTest20W@In] R @Movenne[20 @ln 0 0 g n[20 g
4 4+ M| Test summary | Tap details %1 m

Prét  Référence circulaire : N10




Results after export: AVR DLT MAX
7'} 7'} 7'}
Operation
Length Inrush END Ratio
7} 7'} A 7 Y
A B C E G H J K L M
1
Resllts - TAP-4
2 Values low|
3 Default Test Rlan for @R Compteu 509189 Test ime Values i
4 Exploitation T6 # Série @RS
5 Inventaire 1U-oso Temp. Hljle 30 @Rr8
6 Poste MO TMORENCY 69 KV Type Esshi HORS_SERVICE
7 CURRENT | acck
8 Testnum. Tap namg _ operation lenfjtn | Current averag Inrush Current deiff _End of operation tijne | HF MAX LF M HFILF RATIO
9 Time in ms Current in Amps Time in ms Acceleration in G
10 Averages.  |G237 81 1.000004251 4543144006 |0 1532005 1145 206284 22 1206286 |26 6634057 084245720
11 1 +8 5510.00 1.298856 4387579 0.107729 761.100098 22268593 (24573019 |0.90622129
12 p +9 130213 4 632944 0368353 755 800781 22852091 (28730633 |079538114
13 3 10 1.305267 466041 0.332341 7625 22.036751 |29.754477 |0.74061967
14 1 11 5625.00 1.300699 4383917 0.103456 1133.799805 20001513 |21.398794 |0.93470282
15 5 +12 5520.00 1.300251 4 668955 011078 7705 27467167 |1.07228438
16 6 13 5515.00 1.300914 4517586 0.104677 1135.300293 16.676355 |23.110386  |0.72159569
17 7 +14 5510.00 1.29969 4.514534 0.107118 766.90031 |20.454306 |32.23T839 0.6344813
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= |: T T : ; 1 ! END 7€3.1001 M3
- ! ! ; ! : 1]: DLT (Amp
oo £ Y e . ____Operation length (ms)___ . _______ | :
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C3. Attempt to associate the impacts with the OLTC mechanism:
Example in preparation: MR Reinhausen M-type tap changer.

MC = Main Contact
MSC = Main Switching Contact

TC = Transition Contacts

a=Diverter Switch Side a

b= Diverter Switch Side b

DHKD

10 220 3 40 ms

TCb1
MSCh

Mcb

CURVE OF THE IMPACT
ASSOCIATED

CURVE OF THE IMPACT
ASSOCIATED




CURVE OF THE IMPACT
ASSOCIATED

CURVE OF THE IMPACT
ASSOCIATED

CURVE OF THE IMPACT
ASSOCIATED

CURVE OF THE IMPACT
ASSOCIATED




CURVE OF THE IMPACT
ASSOCIATED

CURVE OF THE IMPACT

DHKa
SKa

Wb

TCb1

SKp

DHKD.

MSC: TCat TCbi MSCb.

[ S—

Y,
3143

10 20 30 40 ms

-
T MCa
. MSCa
[ — e
| | ™™
L wmsco
Lol
10 20 30 40 50 ms

Example: Reinhausen RMV-Il Tap Changer

ASSOCIATED

CURVE OF THE IMPACT

ASSOCIATED

RMV-II Tap Changer,
Reactance type tap changer
with vacuum interrupter

Acoustic signature of tap changers
with 33 positions or 17 positions

RMV-II Tap Changer,

Reactance type tap changer with vacuum interrupter

RMV-II Tap Changer,
Sequence of impact recorded in the acoustic signature

First event 4 5

By-pass switch P3 is P n
open to force the

load current through the

vacuum interrupter.

This event cause a

small acoustic impact. t

Timing: ~0.3-0.4 sec Py Ps
(after motor current P
inception)

1/12

2/12

3/12




RMV-I| Tap Changer,
Reactance type tap changer with vacuum interrupter

RMV-II Tap Changer,
Reactance type tap changer with vacuum interrupter

RMV-II Tap Changer,

Reactance type tap changer with vacuum interrupter

Second event 4 5 Third event 4 5 4 5
" Selector switch P4 Fourth event
Vacuum switch - P
: : ’ P moves from tap 4 to P [} Vacuum switch is
is open interrupting
i tap 5. closedto connect tap 5
the current in B N
P4 selector. No current is in parallel with Tap 4.
Vacuum switch interru‘pted.f Vacuum switch
operation cause a Operation of selector operation cause a
large acoustic impact. t\ switch cause practically K large acoustic impact.
Timing: ~0.6— 0.7 sec P2 Ps no acoustic impact. Ps Ps Timing: ~ 1.6 1.7 sec P Ps
b Seies = e P Timing: ~0.9 - 1.6 sec P P
4/12 5/12 6/12
RMV-I Tap Changer, RMV-II Tap Changer, 33taps, Acoustic signature, Tap +2
Reactance type tap changer with vacuum interrupter i "3
< 1 |
Fifth event 4~ L3 po v o || W O R SO WL 1| T
By-pass switch P3 is closed, ; (112 |
so that vacuum switch H ’ }
do not carry any current H L ‘IL P Ly
in normal operation. ) [
This event cause a : f\
very small impact. ) T [ pe————l 0
o o os 10 5 [ ) a0se
Thus, Timing: ~1.7-1.9 sec Ps ot ot curent T
P Vacuum switch opens
Vacuum switch closes
7/12 8/12
RMV-II Tap Changer, 33taps, Acoustic signature, Tap +2
|
; RMV-II Tap Changer
£ | ‘, 17 Positions
et R N1t 4 '
§ || (FRT1 208 « Same unit as tap changer with 33 position
¢ | « Control system is set to force two steps every
S VY | | I L time.
- |
1 \t
kl
J SN ] Lol ¥
Motor rvush current 3 ]‘ ’ ¥ ‘° T '
Byposs swdch P2 coms
Sateckr o 54 moves Fom 94 1095
v oo P e
9/12 10/12

RMV-II Tap Changer, 17 steps, Acoustic signature, Tap +3

. 976
!
; L | |.
= AL AL L A - A
& { 1456
:
§ | ‘ |
= JHE R "
.
<\ ¥ ¥ ¥
§
I F~—1— A L
20 10 0 10 40 sec

Mokor invush current

Vacuum switch closes

RMV-II Tap Changer, 17 steps, Acoustic signature, Tap +3

g l I 126
: k 'L l k u“...._LL.__

P | { 196
¢ ;

§ i \.uL__wAJ\L‘ J e L

i J\ |

iz =

Motor ineush current
By-paas watich P opens Repeat
Vacuum switch opens
Seloctor switch P4 moves
Vacuum switch closes

11/12

12/12




C4. Suggested analysis:

Test 1: +13' — Page 1: Raw Data — Fichier: denver terminal Ok_env.wdt

LA2 () [ 3.2375 dY=-8.5991 MAX 16.1307 ©

b w |

17.768

T T T T T T T TTT
w

HA2 (g) [ 2.1936 dy=-11.0374 MAX 18.4708 ©

0.000 Wt [

19.181
e > »
E < >

tov (Amp) - 3.7660 dY=00826 || mx iy e

E BRE 537_2000 M5
E — |

0000 E

1-lower 4 34 Appuyer Sur sspace pour une deuxieme barf). 000000 ps
2 denver!‘!\rmma\ 4: ABB TAP—REHEF ENGLISH.XLS pis: 8266
i i

0.925 0.975 1.025 1.075 1125 1.175 1.225 sec
1065.3000 ms

Tap-4 Mon Feb 07 13:44:09 2011

Time analysis between impacts

Test 1: +13' — Page 8: Acc1 HF-BF — Fichier: denver terminal Ok_env.wdt

LAZ (g} MAX 13.8465 ©

177es |
Ha2(g) [ WA 17,7925 ©
0.000 E F—
1lower 4 34 CBACALT70.CALTs: 300.000000 ps
4 2 denver termihal -4- ABB TAP-REPORT_ENGLISHXLS pts: 8266
834.9000 854.9000 874.9000 884.9000 914.9000 934.9000 9548000 msec

Tap-4 Mon Feb 07 13:44.08 2011

Shape analysis of impacts

Test 1: +13' — Page 8: Acc1 HF-BF — Fichier: denver terminal Ok_env.wdt
T T T T T

0,000 Fonm L .
1-lower 4 [ | : |
2: denver termial 4 Al TAP-REPORT_ENGLISHXLS pts: 8266 |
834.9000 854.9000 874.9000 894.9000 914.9000 934.9000 954.9000 msec
872.4000 ms

Tap-4 Mon Feb 07 13:44:09 2011

Amplitude analysis of impacts



Test 1: #13' - Page 1: Raw Data - Fichier: denver terminal Ok_env.wdt

T T T T T T
13.822
@ dY=11.9227 | 1w 13,0005 =
0.000
17788 | ..
HAz(g)§0.1555 MBEX 17 7925 €
0.000 E
19481 .|
tov (Amp) [ 0.4496 : § : | ; dY=-3.2269 | bur 1 sie0
E i i ' i ' i : : BRE 537_2000 MS
oo B T .
Tlowerd : 3 ; \ [Appuyer sur sspace pour une deuxiems 000000 ps|
2 denv%‘r terminal 4 ABB | TAP-REPORT_ENGLISH.XLS pts: 82661
0.994 1.094 1.194 1.294 1.394 1.494 1.594 sec

1459.2000 ms
Tap-4 Mon Feb 07 13:44:09 2011

Time between impact and end of current

Test 5. +13 —- Page 1: Raw Data - Fichier: denver terminal Ok_env.wdt
T T T T T

151844
*LAZ (g)
0.0000

MAX 15.2092 ©

Test 4, ST=300:

151344
*LA2 (g)
0.0000

MAX 14.8813 &

Tlowerd | 34 i i CBACALT0.CALTSs: 300.000000 s
2 denver terminal -4: ABB : pts; 8437
865.8000 875.8000 885.8000 895.8000 905.8000 915.8000 925.8000 msec

Tap-4 Mon Feb 07 13:44:09 2011

Superposition odd tap versus even tap

Test 4. +12' — Page 1: Raw Data — Fichier: denver terminal Ok_env.wdt
T T T T T T

*LAZ(g) MAX 5.1144 €

0.000

14.857

LAz (g) Test 4, ST=300000 s MAX 14.8813 G

0.000 ; 1n~¢

tlowerd | 34 | CBACALT0.CALTs: 300.00000 ps

2: denver lerrréma\ A4 ABB ! pts: 82093
< i j i i i i >
0.300 0.500 0.700 0.900 1.100 1.300 1.500 sec

Tap-4 Mon Feb 07 13:44:09 2011

Comparison upward movement versus downward movement



Test 1: +10' — Page 1: Raw Data — Fichier: 10045 _03-12-2010_10h36_ONLINE_env.wdt
T T T T T T T T

LA2(g) |

0.000

4525

LAZ(g) E SF \nterri. A\rpunBank:i_env.wut. ST::BUU 000 s
0.000 E LT L M e e -
1:10045 £3:10045 | GBACAL CALTs: 300.000000 ps'
2 ; -4 ABB ; ; ; pts: 13688,
< i i i i i L

i i i i i
3.478 3.528 3.578 3.628 3678 3728 3778 3.828 3.878 3.928 sec
Tap-4 Vie Dic 03 10:41:14 2010

Comparison of two tap changers of the same kind

Test 22: +#23 --- Page 1: Raw Data --- File: TB1 _13-05-2011_10h00_OFFLINE_env wdt
T T T T

56.284 AVR B.5263  AMP
“lev (Amp) DLT 7.2786 AMP
0.000 BRE 1356.5000 MS

et 54, ST=300.000 s
56.284 AVR 9.8673  AMD
“lev (Amp) DLT 7.4388  ZMP
0.000 BRK 3702598 M5

| CBACALT0 CALTs® 300 000000 pis
2: Telegraph road station -4: Federal pacific TAP-REPORT_ENGLISHXLS | pts: 31872

0.00 2.00 4.00 6.00 8.00 sec
Tap-4 Fri May 13 10:57:15 2011

Superposition current of an upward movement versus a downward movement

Test4: +6 — Page 1: Raw Data — File: TB1 _13-05-2011_10h00_OFFLINE_env.wdt
T T T T T T T T

12.606
LAZ (g)
0.000

MAX 12.6244 C

12.606
HA2 ()
0.000

MAX 102057 G

§

1781 ! -3 0220319 § | CBACALTO.CALTs: 300.000000 ps!
2: Telegraph road station -4: Federal pacjfic  TAP-REPORT_ENGLISH.XLS pts: 31832

< [

i i i i i i i i i
5.3505 5.3845 54005 5.4345 545056 54845 5.5005 5.5346 55505 5.5845 sec

Tap-4 Fri May 13 10:57-15 2011

Superposition high frequency versus low frequency



C5. Observation and identification of anomalies:

-Contact wear example:

Test 1: +5 - Page 1 Page 1 - File: 1L1A0033_10 juil. 2006_11h31_HORS_SERWCE
T T T

Test 23: -5 --- Page 1: Page 1 ---
T

File: 1UA0033_3 ot 2006_13hd0_HORS_$ERVICE
T T

LM

172 hi:+5 172 : CBAPALO.CAL Ts: 300.000000 ps
2:1UAD033 -FAQUEDUE; THTREFOD.REP pts: 23826 21 UADD3E -HAQUEDUC TXTREFOO. REP pis: 22080
Il Il Il Il 1 1 1 1 1 I
4508 4505 4705 4505 4.005 £.008 seo 5324 5474 5.424 5474 5524 5574 624 sec

Amplification of the
signature before inspection

Amplification of the
signature after repair

19,9374
“AHF {}
00004

4455
*AHF [}
[l e

g S

e

o A

CBACHALD.CAL
TXTREFD0.REF
|

g

I ——

Ts: 200000000 ps |

'
'
'
L
]
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'

1

pts: 25347,
| |

4. 7100 4. 7350 4. 780D 4. TBED 4 8100 4 8350 4 B500 4 BBED

4.91

[ha] 4 9350 4. 9500 sec

Superposition of the new contact’s signature versus old contact’s signature.



-Asynchronism example

File: 1UA1402 _jeu. 26 juin 2003_15h18_EM_SERICEmdb

Page 1: Page 1 ---

Test 3: 48" -

te: 23333

CAL T 300000000 ps
1

TXTREFOO.REP

CBACALD:

2.00

Z:10A1403

ABF(

Recorded

Is

signa

4.00 5.00 6.00 zec

3.00

1.00

0.00

0.0793

dy=

1.1301

dy=-

200000000 ps

EN_SERMICEmdb

CALD.CAL

File: 1UA1408 _jeu. 26 juin 2003 _15h18

Page 1: Page 1 ---

Test 3: 48 ---

0.8347

01114

1:T12

C

+2!

te: 23333

i

!

TXTREFOD.REP

w
g
L
>
5

ABF() |

0om

5.

g E

=

AHF(

Amplified

Is

signa

CR1{) [ 0.0253

o0om

3.086 4186 4.386 4.586 e

3786
dT=+129.5998 ms

4519.8000 ms

File: 141405 _29 aoit, 2007 _0%h16_HORS_SERWVICEmdb

Page 1: Page 1 ---

Test 7: 4 -

pts: Z0OEG

CRACALD.CAL Tg 300.000000 pg

TATREPOO.REP

2:10A1405

AHF(

g

ir:

After repa

Signature without

asynchronism

1.00 .00 .00 4.00 5.00 6.00 zec

0.00



C6. Recommendations for future tests :
The impact’s amplitude is very low. It would be preferable to change the location of the accelerometer for the

next tests in order to have higher amplitudes.

C7. Transfer and sharing of data and pictures with ZENSOL on DB TAP:
YES.



