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) Auto transformer

Type ST (Licensed by Westinghouse)

USAS [ C57-12-00 |
Mfg. N2 [41ST 23.072] Il Year [1976]
| Number of phuses@ Frequency Hz
Vector-group HIGHLOW Ynd11]  Insulating liquid [Oil Spec.IEC 296-1969]
Type of cooling [ONAN || ONAF |[ OFAF |
A | 96.000]| | 128.000| [ 160.000] kVA
Rated power_{M.V. [ 96.000] [ 128.000]| [ 160000] kVA
LV [ 18.000]|| 24.000 |[ 30.000]| kVA
Maximum oil temperature rise af full load R °C
T desijhed for full vacuum NO LOAD TAP CHANGER

BVe W, R c No load volts
Rated voltage (no load ) V| 132.000] | € 0 || 19.990 made | MV, MV,
Rated current af OFAF CCH?”[T{'; / [ 1 2-7
Impulse level /150] [250/150) ) ] ;: IMI
HV - My B ; ‘ IV |64
L ) 103/ ' ¥ |4-5 |[138490]
Impedance voltage HV.- | 288 . % [)[17]

246G
Total weight w
Shippi
Untank
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Withstand voltage
Insulating distance
Lightning impulse Power [requency
1.2/50 ps, kV r.m.s., kV
ai 120 30
a 700 235
b 700 245
d 700 235
c1 850 280
c2 850 280
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Sepam 2000 transformer without RTDs

functions ANSI  Sepam types @

code TO1 T02 T03 T04 To5 To6 TO7 T09 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19

protection
thermal overload 49 i1 T+ 1+ 1 1 1 1 1 1+ 1+ 1 1 1 1 1 A 1
phase overcurrent 50/t 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
earth fault (sensitive E/F) sony 4 4 4 04 4 4 4 4 4 4 4 4 4 4 4 4 4 4
51N(G)
neutral voltage displacement 59N 1 1 1 T 1 1 1 1 1 1 1
directional overcurrent 67 1 1 1 1 1
directional earth fault 67N 1 1 1 1 1 11 1
tank earth leakage 1% 50/51 1 1 1 11 1 1
neutral & 50N/ 2 2 2 2 2 2 2
51N
undervaoltage 27 11 1 1
undervoltage remanent 27R 1 1 1 1
avervoltage 50 2 2 2
restricted earth fault™ G4REF 1 1 1 11 1 1
metering
phase currents (11, 12, 13) 5 §E Es B e § 5§ EREEE R E m mm'snm
peakdemandphasecurrents(11,12,13) = ®= ®= ® ® ® ® ®E ® ® ® ®E ® ®E ®§ ®E § =
valtage (U21, U32, U13, V1, V2 V3) [ " = | I | " E ®E N " E E BN n
real/ reactive power (F, Q) u - § § ® § ®§ ®§E ®§E ®§ ®E § ®E § &=
peak demand real/ reactive power L A §E § ®E § E ®E §E ®§E ®E ®§E ®E &® &=
power factor u "= ® § ®E ®E § ®E ®E ®E ®E ®E ®E ®E =
frequency u " ® § ® § § §E §E B ®E ®E ®E ®E &=
thermal capacity used " ®E ®E ® §E ®E §E ®E ®§ § ®E ®§ ®E ®§E ®E ®E ®E &
accumulated real/ reactive energy [ "= ® ® ®E ®§ ®E ®E ® ®E ®E ®E ®E ®R =
(=Wh, £VArh)
tripping currents " ® ®E ® ®E ®E ®§E ®E ®§E ®§ ®E ®§ ®E ®E ®E ®E &§®E &
(1, 12,13, lo)
true rms current A §E E §E B § E E E E E E R E ®E ®E ®E =
disturbance recording I ®E ®E §E E E §E ®E § § ®E ®§E ®E ®E ®E ®E ®E &
residual current I & s & aefE § § ey snE ® En'
residual voltage L @ §E § ®E § §E ®E §E ®§E ®E ®§E ®E &® &=
cumulative breaking current " ® ®E ® ®E ® ®§ ®E ®E ®§ ®E ®E ®E ®E ®E ®E ®E &=
and number of breaks
control and monitoring
open/ close " ® ®E ®E E ®E ®§E ®E ®§E § ®E ®§E ®E ®E ®E ®E §®E &
lockout relay 86 @ §E ®E §E §E @ §E E §E E E E E E E ®E ®E &=
inhibit closing 69 " ®E E § E E E ®E §E ®§E E § ®E ®E ®E ®E ® &®
annunciation 30 " ®E ®E § E ¥ E ®E §E §E ®E §E ®E ®E ®E ®E ® ©®
Buchhalz thermal relay = u = 5 = = =
detection of gas, pressure
and temperature level (DGPT/ PTG)
inter-tripping 5§ = n [ = L
logic discriminition 68 E ®E ®E ¥ E ¥ E ®E §E §E E ¥ ®E ®E ®E ®mE ® &=
trip circuit supervision 74 " ® ®E ®E E ®E ®§E ®E ®§E § ®E ®§E ®E ®E ®E ®E §®E &
detection of plugged 74 " ® ®E E ®E § E ®E ®E E ®E ®E ®E ®E E ®E ®E =
connectors (DPC)
operation counter " ® ®E ®E E ®E ®§E ®E ®§E § ®E ®§E ®E ®E ®E ®E §®E &
phase fault trip counter " ®E §E § ®E § § B B § B ¥ E ®E ®E ®E ®E &=
disturbance recording triggering A ®E ®E ®E E E ®§E ®E §E § ®E ®E ®E ®E ®E ®E &®E &
Sepam models
standard 536 YR XR KR YR XR LR LR XR XR XA LR LR XR LR XR XR LR XA
compact 526 LX LT Lx LT LT LT LT LT LT LT LT
number of standard ESTOR boards 2 2 2 A1 12 A1 2 2 1 1 i1 2 2 1 2 2 2




Sepam 2000 transformer with RTDs

functions ANSI Sepam types @

code T21 T22 T23 T24 T25 T26 T27 T29 T30 T31 T32 T33 T34 T35 T36 Ta7 T38 T39

protection
thermal overload 49 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
phase overcurrent 50/51 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
earth fault (sensitive E/F) sony 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
B1N(G)
neutral voltage displacement 50N 1 1 1 1 1 1 1 1 1 1 1
directional overcurrent 87 1 1 1 1 1
directional earth fault 67N 1 1 1 1 1 1 1 1
tank earth leakage '™ 50/51 1 1 1 1 1 1 1
neutral ® SON/ 2 2 2 2 2 2 2
51N
undervoltage 27 1 1 1 1
undervoltage remanent 27R 1 1 1 1
overvoltage 50 2 2 2 2
temperature setpoint (6RTDs) 38/49T6 &6 6 6 6 6 6 6 &6 6 6 6 6 6 46 6 6 6
restricted earth fault ™ G4REF 1 1 1 1 1 1 1
metering
phase currents (11, 12, 13) 5 §E s § s 8 3 Enefs afnE § s
peakdemandphasecurrents (1,12,13) m ®» ® ® ® ® ® ® ® B ® ®E ®E ®E ®E ® ® &
voltage (U21, U32, U13, V1, V2, V3) u " ®E ®E § §E ®§E ®E ®E §E ®E ®E ®E @®E =&
real/ reactive power (P, Q) u @ ®E ®E § ®§E ®E ®E E § ®E ®E ®E =®E =
peak demand real/ reactive power u " ®E ®E § E E §E E E ®E E ®E ®E &=
power factor u " ®E ®§E § E §E § E E ®§E E ®E ®E &=
frequency u A ® ®E E E ®E ®E E ®E ®E ®E ®E ®E &
thermal capacity used " E §E ®E E E E FE E E E E E E E ®E ®E _©®
accumulated real/ reactive energy [ " ®E ®E ®E ®E ®E ®E ®E ®E ®E ®E ®E ®E &=
(#Wh, £VArh)
tripping currents " ® ®E ® § ®E ®§E ®§E ®§E ®E ®E ®E ®BE ®E ®E ®E ®E ©&®
(1, 12,13, Ia)
true rms current E ®E ®E E §E ®E ®E E §E §E ®E E ®E ®E ®E ®E ®E &
disturbance recording " ®E §E ® E §E §E E §E E B E ®E ®E ®E ®E ®E ©&®
temperature (§ RTDs) " ®E §E ® E E E E ®E E ®E E ®§E ®E ®E ®E ®E ©®
residual current 5 & s § sfERE § § EfERE EfE ®E Enn
residual volitage [ 5 E E §E E E E E ®E E E ®E ®E_ =
cumulative breaking current " ® ®E ® ®E ®E §E ®E ®E ®E ®E ®E ®§E ®E ®E ®E ®E &=
and number of breaks
control and moniteoring
open/ close " E E ®E E E E E E E E E E ®E ®E ®E =®E =
lockout relay 86 " ® ®E ®E § ® §E §E E E ®E ®E ®E ®E E ®E @®E &
inhibit closing 69 E ®E ®E E §E ®E ®E E §E §E ®E E ®E ®E ®E ®E ®E &
annunciation 30 E ®E § ®§ §E ®E ®E §E §E E E ®E ® ®E ®E ®E ®E =
Buchholz thermal relay E ® = | 5 = E = E ® =
detection of gas, pressure
and temperature level (DGPT/ PTG)
inter-tripping (" E § = u L E = E ® =
logic discriminition 68 "= E §E §E § E E §E §E §E E E ®E ®§E ®E ®E ®E &
trip circuit supervision 74 " ®E E ®E E E E E E E ®E ®E ®E ®E ®E ®E ®E &=
detection of plugged 74 "= ® ® ®E § ®E ®E ®E ®E ®E ®E ®E ®E ®E ®E ®E ®E &

connectors (DPG)

operation counter

phase fault trip counter

disturbance recording triggering " ®E §E ® E E §E E E E E E ®§E ®§E ®E ®E ®E &=
Sepam models

standard 536 ZR SR KZ ZR SR LS L3 S8R SR BR LS LE SR L8 S8R SR LS SR
compact 528 LS L3

number of standard ESTOR boards 2 2 2 1 1 2 1 2 2 1 1 1 2 2 1 2 2 2




Setting ranges

functions

Faxx ™

settings time delays

thermal overload

Fd31

negative sequence/unbalance coefficient: 0;2.25,4.5,9

time constants: heating T1:5t0 120 mn

cooling T2: 510600 mn

alarm: 50% to 200% of nominal thermal capacity used

tripping: 50% to 200% of nominal thermal capacity used

phase overcurrent Fo11-Fo12-F013-Fo14
definite time DT 03to24In 005106553
IDMT @ 03t0241n t01t01255s5at10ls

earth fault F081-F082-F083-F084 type of sensor
definite time DT 005t0101n sum of 3 phase currents © 0.05t0 655
D1to20A CSHcore bal. CT, 2 A
15t0300A GSH core bal. CT, 30 A
0.05t0 10 Ino 1AOr5ACT®
0.05 to 10 Ino core balance GT ™
IDMT @ 005t01In sum of 3 phase currents ©01t01255at101s0
Dito2A GSH core bal. GT, 2 A
151t030A G3H core bal. GT, 30 A
0.051t01 Ino 1AOr5AGTHE
0.05ta 1 Ino core balance CT 4
harmonic 2 restraint taken yes
into account no
neutral voltage displacement F391
2% to 80% of Un if VT Un/y3 4003 1:005to 655 s
5% to 80% of Un if VT Un&/3 100/3
directional overcurrent Fs21 characteristic angle 30°,45°, 60°
definite time DT 03to241In 1 005t0655 s
IDMT @ D3to24In t01to126s5at10ls
directional earth fault Fs01 characteristic angle 0°, 15°, 30°, 45°, 60°, 90° and - 45°
definite time OT 0.0510101In sum of 3 phase currents © 0.05t0 G55 5
01to20A GSH core bal. GT, 2 A
1.51t0300A CZH core bal. CT, 30 A
0.05to0 10 Ino 1Aor5ACT S
0.05 to 10 Ing core balance GT ™
tank earth leakage Fo21
definite time OT D3to241In t005to655 s
IDMT @ D3toz24diIn t:01t0126sat10ls

Reminder: rated current In, basis current Ib, rated voltage Un and current Ino are general parameters that are set at the time of Sepam 2000 commissioning.
In is the current sensor rated current (CT rating).

Ib is the current which corresponds with the rated power of the transformer.
Un i3 the phase-to-phase voltage of the voltage sensor primary windings.
Ino is the residual current sensor rating.

Rated thermal a capacity use corresponds to a steady current egal to 1b.

" function identification for protection setting.

2 IDMT curves:

- inverse: SIT,

- very inverse: VIT,

- extremely inverse: EIT.

- ultra inverse: UIT,

- long time inverse: LT1.

# with CSH 30 interposing ring CT.

“ core balance CT with ratio 1/n (50% n = 1500} with ACE 990 interface.

\



Setting ranges (cont'd)

functions Focxx () settings time delays
neutral Fog1-Fog2 type of sensors
definite time DT 0.05t0101n sum of 3 phase currents £ 0.05t0 655 5
D1to20A C3Hcorebal. GT 2 A
1510300 A GS5H core bal. CT, 30A
0050 10 Ina { Aor5ACT®
0.05t0 10 Ino core balance CT ™
IDMT @ 005t 1In sumof 3 phasecurrents £ 01t0125s5at101s0
Dito2A CSHcorebal. GT 2 A
1.51030A GSH core bal. GT, 30A
D05t Ino 1AOr5ACTH
00501 Ino core balance CT ¥
harmonic 2 restraint taken yES
into account no
undervoltage F321-F341-F361
5% t0 100% of Un t 005106563
remanent undervoltage F351
5% t0 100% of Un t 005106563
overvoltage F301-F302
50% to 150% of Un t 005106563
temperature set point (RTDs) F461a Fd66
D°Cto180°C
restricted earth fault Fé51

005Info08InifIn=20A
O1into0BInifin<20A

Reminder: rated current In_ basis current Ib, rated voltage Un and current Ino are general parameters that are set at the fime of Sepam 2000 commissioning.

In iz the current sensar rated current (CT rating).

Ib is the current which corresponds with the rated power of the transformer.
Un is the phase-to-phase voltage of the valtage sensor primary windings.
Ino is the residual current sensor rating.

" function identification for profeciion setiing.

1 |DMT curves:

- inverse: SIT,

- very inverse: VIT

- extremely inverse: EIT,

- ultra inverse: UIT,

- long time inverse: LTI

B with C3H 30 interposing ring CT.

“ core balance CT with ratio 1/n (50 % n £ 1500) with ACE 980 interface.

A



T01, T04, T21, T24 types
incomer

CE4D |15

| DPC

£

Oz |
o1+
49
50

51 2 <t |
51N n<p]

@_

ESTOR1 64| 74

terminal nurmber @
for compact {326) ESTOR2 ?&;Lﬂ
Sepam 2000 T |
| T21 |

terminal nurmber |
for standard (338) |
Sepam 2000 |

|

1

N.B.

Refer to the "other connection schemes”
section regarding other arrangements.
DPC: detection of plugged connecfors.
CDG: watchdog.

Standard S36YR or compact 326LX (TO01, TO4),
S36ZA or 326L3 (T21, T24), Sepam 2000.

L1
§ Correspondence between primary L2
and secondary connection (ie.: P1,_31). L3

YoV S

At



T01, T04, T21, T24 types L
feeder

I

CE40

ESB |
A - DPGC
B 7¢z8| Ecm fa
¢ i 50
51 'Tt
50N
giN cDG
[
Q2= |
8
o T
L
5
4
| SONDE 12 <1 | 5
| BPC !
RS = I
@
ESTOR1 |84 51
’-I — |
A terminal number |
( for compact (326)
Sepam 2000 |
1
terminal number
for standard (338) i
Sepam 2000 ~— @
ESTOR2|74] 5
[T |
T2
N.B. |
Refer to the “ofher connection schemes” |
section regarding other arrangements.
DPC: detection of plugged conneciors. |
CDG: waichdog. |
o1
* Correspondence befween primary

and secondary connection {i.e.: P1, 31).
Standard S36YR or compact S26LX ({TQ1, TD4),
S36ZH or B26LS (T21, T24), Sepam 2000,

¥-Y0 S

¥y



T02, TOS, T09, T10,T11,

T14,T22, T25, T29 34| sonpe CE40
’ 1 ] ’ | DPC
T30, T31, T34 types
Incomer
il
—_— @
r— L
44 =
| 50 =
[ 51 4
[ 50N 3
5N 2
1
M
8
ESTOR1 (54| 54
i I
\\ |
aa| suve | 1
o
N
ESTOR2[74]| 21
i1 terminal number =
b for compact (326) %JS |
-~ Bepam 2000 L |
L |
terminal number }zg
for standard (338] I T30 |
Sepamn 2000 = TE-# |
1
i i
MN.B.
Refer to the “other connection schemes® Standard S36XR or compact S26LT (T02, TOS,
section regarding oiher arrangements. TOS, T10, T11, T14),
DPC: detection of plugged conneciors. S365H (T22 T25 T29, T30, T31, Ta4),
CDG: watchdog. Sepam 2000,
L1
* Correspondence between primary [
and secondary connection {i.e.. P1, 31). 3

Y-vs s

3



T09, T11, T16, T17, T19,
T29, T31, T36, T37, T39 types
feeder

terminal number
for compact {326}
/ Separn 2000

terminal number
for standard (238)
Sepam 2000

N.B.

Refer to the “other connection schemes”
section regarding other arrangements.
DPC: detecticn of plugged conneciors.
CDG: watchdog.

& Correspondence between primary
and secondary connection (i.e: P1, 81).

3

e I

| - =
I | 3unve CE40 |15
| DPC 1
\ \ \ 10
13
e
(]
ESB |54] o1
4 = DPC 20
K 8| ECM |42 1
P 15s 50 19
5 51 ;’:’[ 18
= 50N o
L 51N CDG A
| 6 I g
2 14
13
12
Q25— |
csH o 11
10
g
8
o5
5
5
4
e <}
<t
el
3A
ESTOR1 84 24
o |
|
1
,---.[“
Pt faa
ESTOR2 -‘_'.'5,! 21
09 |
7
T19 |
29
37 |
T30 |
|
1

Yoy s

Yo

Standard 538X%R or compact S26LT
(T02, T11, T16, T17, T19),
S36SR (T22 T31 736 T37 T39) Sepam 2000.



T03, T23 types
= g CE40
incomelr *
EcM |50
51
50N
51N
[t
ESB |
DPC |
CoG
[
43
50 ot |
51
50N
51N
-
Ot
2 < |
<]
&2| sonDE | 38 =
Hees 40T ESTOR1 [5A] o4
r |
\\ '
1
EsTORZ|7A] 21
* Use of special-purpose CSP sensors: |
Only standard sensars (T) connected o connector 2B
may be replaced by CSP sensors, which are connected |
to connectors 2L1, 2L2 and 2L3 |
(see other connection schemes).
The sensors connected to 3B must be |
of the standard type (T). |
1
nB Standard S36KR (T03), S36KZ (T23
Refer to the “other connection schemes” - naard o (Ta3), 5 (T23).
section regarding other arrangements. Sepam 2000.
DPC: detection of plugged connectors.
CDG: watchdog.
L1
) , L2
 Correspondence between primary
and secondary connection (i.e.: P1, 31). L3

YoYA S
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T03, T23 types Li

feeder B

C3H

* Use of special-purpose CSP sensors:

Cnly standard sensors (T) connected o connector 2B
may be replaced by CSP sensors, which are connected
to conneciors 201, 2L2 and 2L3

(see other connection schemes).

The sensors connected to 3B must be

of the standard type (T).

N.B.

Refer to the “other connection schemes”
section regarding other arrangements.
DPRC: detection of plugged connectors.
CDG: watchdog.

* Correspondence between primary
and secondary connection (i.e.. P1, S1).

¥4

ECM

oPc

al

A
- 2A

34| SONDE

| DPC

50
51
50N
51N

50
5
50N
51N

CE4D
ESB |34 21
DPC_ 20
19
Fﬁi 18
DG 1;
' 15
14
3
=0 12
R g ERSR
10
g
™t 8
S
&
5
4
- T
2

1
<

ESTOR1

=3

ESTORZ2

=

A

Standard S36KR (TO3), S38KZ (T23),
Separn 2000.
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T06, TO7, T12, T13,

T15, T18, T26, T27,

T32, T33, T35, T38 types
incomer

* Use of special-purpose CSP sensors:

Only standard sensors (T) connected to connector 2B
may be replaced by C3P sensors, which are connected
to connectors 2L1, 2L2 and 2L3

(see other connection schemes).

The sensors connected to 3B must be

of the standard type (T).

N.B.

Refer {o the "other connection schemes®
section regarding other arrangements.
DPC: detection of plugged conneciors.
CDG: watchdog.

§ Correspondence between primary
and secondary connection (e P1, 31).

CE40 i3

ECcm |50

— B3 LA Jds inoh

ESTOR1(84

- — — — — — 13

L1

ESTOR2 74
T06
T15
T8
T26
T35
T38

- = — — — — pa

Standard S36LR (TOB, TO7, T12, T13, T15, T18),
or S36LS (T26, T27, T32 T33 T35 T3g),
Sepam 2000.

L2

L3

Yor s

A



T06, TO7, T13, T15, T18, t;
T26, T27, T33, T35, T38 types 3
feeder

3UiVe
[DPC

CE40 |45

ESB |54)] o1
DPC o0

4=
%8| Ecm |42 e
(H 1? 50 19
5 51 H-: 18
5 50N 17
(E. 5N pE 16
8
3

14
13
— 12
023 | -
10
9
i~ 8
O1-3%-4 | 7
5
5
e <t 1}
3
2
]
{ T
ESTOR1[54)] 21
* Use of special-purpose CSP sensors: |
Only standard sensors (T) connected io connector 2B |
may be replaced by C3P sensors, which are connected 50
to conneciors 211, 212 and 2L3 51 pi
(see cther connection schemes). 50N
The sensors connected to 3B must be 51N

of the standard type (T).

e
ESTOR2|7A| 21
T06 |
T15
N.B. T18 |
Refer to the "other connection schemes' Igg |
section regarding other arrangements. .:.AE
DBC: detection of plugged connectors. = |
CDG: watchdog. |
1
§ Correspondence between primary
and secondary connection (ie.: P1 21}

Siandard S336LA {TOS, TOV T13, T15, T18),
S3I6LS (T2s, T27, T33, Tas, T38),
Sepam 2000.



Connection for restricted
earth fault

T03, T06, TO7, T12, T13, T15,
T18, T23, T26, T27, T32, T33,
T35, T38 types

incomer

Cﬂ)& |
R Eé
¢H :
(0 :
= s
\\
Yoy S
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PROTECTION EXAMPLE : MV/MV TRANSFORMER

(I~1rc 7196 (50—51-50N-51N)or RMS 7992
+ (49) RMST

s 7105—?

|
«1TD 7112 (87N) 4 | =
RMSD 7912
2xTD ?gr‘ll (67)
1xRMSD 7921

5.5 kY (

YorY s

PROTECTION EXAMPLE : MV/LV TRANSFORMER

5 _kV

>

MG 7196 (50-51-50N—51N)or RMS 7992
+ (49) RMST 7992

MG 7105 (51N) @
<> 1000 kvA

o

YrY s
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I-IEC 296 :Specification for unused mineral insulating oils for
tranformers and swilchgear.

2-IEC 422: Maintenance and supervision guide for 'Lnsnlating oil in
service,

3- ANSVIEEE C57.106-1977: Guide for acceptance and maintenance
of insulating oil in equipment;
4- IEEE no 283-1968- Proposed IEEE guide for installation of oil-

immersed transformers.
5-BS-148-  1984- Unused mineral insulating oils for transformars and

switchgear. ‘
6- BS- 5797 (1988): Measurement of gassing of isulating liquids under
electrical stress and ionzation.

7- ASEA -BBC-TRAFO UNION-GE-ALSTOM- ELIN: Instruclions
for insulating - oil for use in transformers.
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