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Vector group

Sys. highest vol. & [2% 7 727]
Insulation ¢l [ A |

%MQ m Short circuit current kA

R EE Short circuit duration
R Ty Ambient mﬂ max.
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ALVAND TAVAN ENERGY CO

Ratio measurement .. 230/63 kV- YNd11

Mominal Woltage 230063k
“wizetor Group: Hd11
Woltage (W] Measured Ratio

TAF Hi Ly Mom . iU =AW lo W AN[ lo [ 4N lo
Ratio [2u- 2w ] [m8] [2ve-20 ] [m8] [ 2w- 2| [md)

1 G500 | 63000 | Zadd | 2425 [ 145 | Zod4ke [ 088 | 2435 | 106
2 IGOGET | 63000 | 2289 | 2340 | 143 | 2340 [ 0. oo | 1.0
3 OB | BI000 | 354 | 2360 [ 123 | 2366 [ D82 | 2355 | 1.2
4 263000 ( B3000 | 2219 | 2320 | 125 | 2319 [ D96 | 2219 [ 1.4
3 240167 | B3000 | 2283 | 2284 [ 120 | 2224 [ 082 | 284 [ 1.8
B 245333 | B3000 | o243 | 2240 | 133 ) 2340 [ 1.1 249 [ 120
7 41500 | 83000 | 2213 | 2214 | 134 | 2214 [ 103 ) 2214 | 124
3 TIVEET | B3000 | ZAVE | 2479 [ 138 | ZAVA [ 106 | 2V | 1DV
3 DI BI000 | ZA43 ) 2144 [ 139 | a4 [ 109 | 243 | 132
0 | 230000 | 63000 [ 2908 | 2408 [ 146 | 2408 | 1943 | 208 [ 1.33
11 DIG16Y | 3000 | 2073 | 2073 [ 1480 | 2073 [ 196 | Z.OFY [ 1.9
12 | 22333 | 63000 [ 2038 | 203 [ 185 | 2038 | 109 | 203 | 144
1% | 218500 | 63000 [ 2002 | 2003 [ 160 | 2003 | 1.3 L.oo: | 1.40
14 | 214667 | 63000 [ 1.967 | 1.963 | 164 | 1963 | 127 1.968 | 1.45
15 | 210833 | 63000 [ 1832 | 14932 [ 170 1832 | 130 1832 | 1.60
16 | 207000 | 63000 [ 1897 | 1.897 [ 176 1897 | 134 1.897 | 165
17 | 203167 | 63000 [ 1862 | 1862 [ 179 1862 | 1.4 1.862 | 1.71
18 199333 | 62000 | 1827 | 1827 [ 188 1827 | 144 | 1827 | 157
14 195500 | &2000 [ 1.792 | 1.792 [ 183 1792 | 147 1.792 | 1483

1U 1V
fy oY
2U:,I 2v4
) (Y s =l
YNd11

1U

12
E A
\» )

W N | vV 1V

2U

‘,1___ o
v.'/_.t. = -
:' S 2v
2W
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AEEC

ALVAND TAVAN ENI’RGY co

Voltage (V) Measured Ratio
TAP HY LV Nom. 1U-1V lo 1V-1W lo 1W-1U lo
Ratio 2u-2n (MA)  2v-2n (MA)  2w-2n  (mMA)
) YYYOY FAY « YALYYY  YAF .4 V,0. YA, ¥4 AN i YALF Y V,Ve
Vector Group:
A\f YYF.Y FAY YA,Y Y YA YA V,0. YA, VF . Y,V YAYF) V,Ve Dynll
Y YY) FAY VV,AF) YVY,AY . Y,V YY,AY . Y,V YVY,AVY Y, A 30MVA63/683KV
\ 7Y FAY YVY,0VF  YY, 70 Y,V YV,7 ) ), ¥ VWV, .Y Y, A
() FAYO) FAY VV,Y«A Y, TY) Y,A VY,YYY Y, ¥ YV,YYY Y,9.
7 FYY o) FAY « VY, Y VY, 7Y V,V. YV, 7Y ),¥. VY, 7¥ Y,en
\ 77Y0) FAY Y7,YYE Y 7,vAY Y,A Y7,VaY V,0 Y7,Va¥ Y,e0
A FAY e FAYY 1£,0.9 YF,8YY ),4. 0 YF,8YY YV,F. YF,0YF Y,
a 7Y FAY YE,YFY  Y7,Y0Y Y, Y7,YOYF Y, 7 Y7,Y00 Y,V
I IARER FAY V8,4Y7  10,4AF A Y 4,9AF Y, 7 V4,9A0 Y,V
AR 7140, FAY YO,V Yo,VVo A Ya,VYo Y,V YO,VY\ 7 Y,V
VY Fe900 FAY VO,FFF  Yo,FF0 Y,) e VYa,FFo Y,V Vo,¥Y? Y,f.
'Y O09AFA FAY « YO,YVYY YO,V VF Y,V YO,V ¥ Y,A Yo,V VY Y,0.
V¥ O8AVAA FAY YF,9)) YF,4.Y  Y,¥. YF,9.Y V,A YF, 9 A Y,0.
Y&  OVY¥A FAY « YF,7F8  YYF,PYY  Y,¥. YF,7YY Y,9. YF, YA Y,7.
Y7 877414 FAY YF,YY4 O YY,YPA Y,Y. YF,YPA Y, e YF,¥74 Y,V
VY OOBAFFA FAT.  YFLANY VF,4A 0 Y,Ve o YF,eq9 0 Y, YF N YA
YA AFA4A FAY « YYLo,AF? YY,AYA Y,V. YYL,AY . Y,Y. YYL,AY . Y,Ae
Y4 AFAFA  FAT.  YF,AYA IT,AF.  Y,Ve AFLAF. YT AY,0%Y) Y,
SiPl ple wigl e o
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ALVAND TAVAN ENERGY CO

20.000

18.000

16.000

14.000

12.000

10.000

8.000

6.000

4.000

2.000

0.000

Ratio Diagram

6 7 8 9

Seriesl e=@==Series2

10

11 12 13 14

Series3 e=@==Series4

15

16 17 18 19
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ALVAND TAVAN ENERGY CO

The ratio error %

(measured turn ratio) — (theoretical turn ratio)

Deviation = x 100

theoretical turn ratio

The deviation in the turn ratio shall be < £ 0.5 %.

&5 ol Wigll &8
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ALVAND TAVAN ENERGY CO

No load current at rated voltage

For smaller power transformer the no-load current
IS about 1 to 5% of rated current and for large
power transformer 0.1 to 0.3%.

ILl ILZ ILS 10
kv A A A A With YNd11 group
2400 556 405 3,79 447
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Flux Iin core
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AEEC

ALVAND TAVAN ENI'_RGY co

No load current in factory

200 MVA-245/15.75 KV YNd 11 _
160 MVA-230/63 KV -YNd11

Mo load Current at rated voltage Mo load Current at rated voltage

Virms(v) lowfA} | lovi{A} | low(A) vimsivi | lowfA) | lovi{A) | low(A)
14740 a.306 A.855 7.238 f3000 0652 0927 1.082
Ma laad Current at 380 % in mA Mo load Current at 380 % in mA
1U v W U '\ W
2.55 1.42 252
2.5 1.4 2.5

S35 olgF gl S
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flux magnetic balance test :

1U-1v  1V-1W 1W-1U

*YYY o 14f Yo
1YY *YY) o
¥ 7 YAS XYY
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alEC ——

ALVAND TAVAN ENERGY CO

w1

T | Voltage Injection Tap Voltage H1 H2 H3
3 V1=Injection 19000 9.631V 7.204V 2411V
3 Vi=Injection, V2=0 19000 Q.487V 484.1mV 9.130V
3 Vi=injection, V3=0 19000 9.621V 8.368V 245.5mV
3 VZ2=injection 19000 5.026V 9.663V 1.654V
3 VZ2=Injection, V1=0 19000 366.4mV 9.567V 201V
3 V2=Injsction, V3=0 19000 9262V 9577V 376.89mV
3 V3=Injection 19000 2510V 7124V a.580vV
3 V3=Injsction, V2=0 19000 9.090V 430.6mV 9.423V
3 V3=Injection, V1=0D 19000 203 .4mV 0.396V 9.568V
1 Vi=Injection 21000 8637V 7.212V 2410V
1 Vi=Injection, V2=0 21000 9.497V 423.6mV 9.145V
1 Vi=Injection, V3=0 21000 9.632V 8.374V 232.5mV
1 V2=Injection 21000 4.900V 9.667V 4 687V
1 VZ2=Injecton, V1=0 21000 366.7mV 8.584V 9.297vV
1 VZ2=Injection, V3=0D 21000 9.268Y 0.543V 358.5mV
1 V3=Injection 21000 2404V 7.11ov S.600V
1 V3=Injection, V2=0 21000 9.119V 419.5mV 9. 448V
1 V3=Injection, V1=0 21000 1i88.6mvV S 421V S 600V

S35 olgF gl S
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AT=C

D TAVAN ENERGY CO

DC Measurement

i [ e————— s 1loa

S _ < o—— o e H

o o—w*‘/l.\ o—" /A : | .
s &= P Ero

o B E ‘ f

o——1 }—6 b—| I*I“O

AL cC | I

i e S !

Q,/" \O N i ° n

Winding resistance measurement by Current —Voltage method
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ALVAND TAVAN ENI'_RGY co

ROM PP BUN R R R AR

a) The windings have been under insulating liquid with no excitation and with no
current in the windings for a minimum of 3 h for a transformer without pumps and
for 1 h for transformer with

pumps running before the cold resistance is measured.

b) The temperature of the insulating liquid has stabilized, and the difference
between top and bottom temperature does not exceed 5 °C.

S35 olgF gl S
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U= RI + Ldi/dt

A = Jron core fully saturated
B = [ron core less saturated

C = /ron core not saturated

S35 olgF gl S
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Lo U

( OFF Circuit & On Load ) yua «d 39 ewbob Jlait O
obladd! g Joxo b Obleisl 4o wuwliol Jlait U

ail> Jlait O
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2 lod Wil

R1/R2=( 235+61 )/( 235+62)  IEC @lho: wo &l ¢
R1/R2=( 234.5+601 )/( 234.5+62) IEEE 3l

R1/R2=( 225+61 )/( 225+62) : pauwcgdT 5l

S350 olgF wigll e o
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AEEC

ALVAND TAVAN ENI'_RGY co

Measuring Sequence: From tap 1 to 19

TAP 1U-1N 1V-1N 1W-1N Project : 63/6.3KV-15MVA

) 74Y,7 AN, ? FAY, 0
Y FAY,Y VY, Y V7, in mQ at 28 °C
Y 779,4 FET, 77¥,4
¥ 7OA,0 7O¥,7 7OY,0
5 FEYV,Y FEY,Y PEY,Y
7 70,4 YY) AR
% AARY YA 714,V
A FYY,¥ 7.9, A,
q FOY,Y d9A, ¥ 24V, ¥
Ve 34+, OAT,Y OAY,¥
1) BYY,¥ OV, ¥ 279, A
VY dFY,Y 204,Y dOA,7
VY 20Y,4 d¥Y,A BYY,Y
VY ¥ ., 7 OY7,0 Y%,
Vo Y4, Y dYO,Y BYY¥,Y
V7 3VY,A OYF, 2YY,0
VY 3:%,0 34X, A deY,Y
VA ¥40o,¥ ¥ay,7 ¥4y,
14 FAF, FAL¥ FAL,

S35 olgF gl S



ALIEC

ALVAND TAVAN ENERGY CO

Dc Resistance Diagram
800.0

700.0 " —
— —
— —

— —

G:.; 600.0 "ﬁ“
= — —
o — — :
> 5000 e
)
c
8 4000
17)
2
x 300.0
O
a 200.0

100.0

0.0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
= ==Seriesl 692. 681. 669. 658. 647. 635. 624. 613. 602. 590. 574. 563. 551. 540. 529. 517. 506. 495. 484.
=@—Secries2 688. 677. 666. 654. 643. 632. 620. 609. 598. 586. 570. 559. 547. 536. 525. 514. 502. 491. 480.
— —Series3 687. 676. 664. 653. 642. 631. 619. 608. 597. 584. 569. 558. 547. 536. 524. 513. 502. 491. 480.

Tap number

o= ==Secries] e=@==Series?2 = =Series3

S35 olgF gl S
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R1/R2=( 235+61 )/( 235+602) : o (&1 o

R1/R2=( 225+061 )/( 225+62) : pawaogdT &1 ¢
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Tap1 : R= 692.6 0=28 °
R="? =20 °
692.6/R=(235+28)/(235+20)

R=671.5

Jlo

S35 olgF gl S



(OLTC ) y22r b w5 o 4 08! cunglito T 90 JSi
29,18 SN

303 a3 38 b C2a e S Coarse Fine mm) G 3

Ml s Sla gl culial S Reverse ) W B
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22 b )0 aw Cwoglio polio awslio gl 93 &yl pf I

Comparison may also be made with original data

measured in the factory. The resistances between phases should be
within 2% of each other. Agreement to

within 5% for any of the above comparisons is usually considered

satisfactory

S35 olgF gl S
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Types of Switching

Linear Switching .A

Not very common (~20%) -
Simple design trafo & oltc
Smallest regulating range °
Selector
Switch Smallest losses

Coarse
Windin
Plus/Minus Switching .B
Most common (~70%) -
Additive (+) & subtractive (-) -

Change Over Selector °

Coarse/Fine Switching .C

Least common (~10%)
Coarse winding insertion
Change Over Selector
Small losses

Selector O
Switch | =

Regulating Winding




ALIEC

ALVAM) TAVAN ENERGY CO,

DC Results for 420/15. 75 KV- 400 MVA with 3 mid-positions

in fwat 15° C Innwa.t.-IE:ul:

S lu-an| av-an | 1w N
=~ % 1U-1AH| - 1N | 1w - 1N
1 g3z .5 gra.7 qaz.2
o [ozza | st | az1s 12 | 8344 | 8319 | &34
3 ai11.2 aoy . a10.2 14 045 7 047 7 044 o
4 aoo A 2967 299 .9
14 | 2553 | 3533 | 8555
5 2891 2850 2891
B 2780 27Va 6 2vrd 1 5 40,5 403.9 40,5
7 | 2676 8642 G666 16 | 775 | 8744 arr.z
g |es64 | ss31 | asez 17 | 8883 | ss44 | sss0
3| B0 Badd ) B4R 18 | 000 | 2055 | so0s
10 2a3g.8 S Hh I 2341
19 | 9101 | @061 | @100
1148 | 8224 2202 i I
15| szzs | mes | s21s a0 | sz06 | 9131 | o1
11c| ezzs | s102 | 8212 o | 9325 | gme1 | mazs

S35 olgF gl S
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ALVAND TAVAN ENI:RGY co,

R{m ohmj}

H60.0
940.0
420.0
400.0
880.0
8600
240.0
820.0
s00.0
7800
7600

Phase 1U

&3

Olgy Wil &8



ALEEC

ALVAND TAVAN ENERGY CO

Main schematic connection for 12 21 3W

€

w4 (4 v
; )
3 ___:E Heversimg switch
@ =
- ! |'- R
Ty e

T

g

I

L=
.\-\_H_p-'.

___@ Tap selacior

7

| G2 -

T

P
(&

E__T}

LS

= —MID POSITION

OUTPUT TERMINAL

FOZITIOM OF REVERSING SWITCH

4 21
5 20
L] 18
7 18
- 8 17
on 5] 16
10 15
11 14
12 13
13 12
14 11
Yl 3 11 | -
T 4 11A
5 10
[ 7]
i 4]
a8 T
o B
~* 10 5
-] 11 4
12 =
13 =
1 14 1
A | A | A

DESIGHNATION OF TAF SELECTOR

DESMGNATIHON QOF POSITIONS

S35 olgF gl S



AEEC

su/z‘s for 132/20 KV- 30 MVA with 1 mid-position

TAP | 1W -1H 1V - 1H 10 -1H
1 g15.5 216 .1 a14.2
2 sa3.9 2938 919
3 271.5 271.0 2639
4 2437 2489 249532
5 S26.9 226 .1 2237
6 803.5 203 .4 201.0
T FE1.3 Ta1.2 Trar
8 5.4 7536 552
G F3H.F T35.5 T332
1 FA0A Fi0.8 oo
11 FE52.8 TS2A TS50
12 F20.0 F29.49 T2rr
13 FOF .G FOG.F o5
14 =1=5 e 5241 == |
15 G525 E61.7 GG0.0
16 G6329.6 Ez20.0 272
1T G172 G116 .4 g14.9
18 5944 5920 5022
19 571.6 571.0 569.5

e
8
/
/
/
> > -
— - m
f ;
/ : ¢
/ '

/] o
. :
/| —
/
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ALVAND TAV

COARSETAPR SELECTOR

i | 18
@ T 18
v
ol 1U-1N
@ s | 18
L 10000 = m n
E oo 14
N o
2 ¢ 1 w0 ‘\‘\‘\
© L 8000
G | oM \‘\/\\
~ . 700.0
' N I \\‘\‘
| ) s | 9 = 6000 ~—
E ' 2 Tl s £
' . — @ 5000 2 i
- I ) 3 B 7 £
| y = =3
| . z s | e & 4000
: OO % R
A El e 3000
", o i1 4
@ 12 3 2000
L 100.0
14 1
I:Il:l E ) 1 L} T L} T L} 1 ) ﬁ 1 ) ) 1 1 1 1 T L} “
o - Mid Position ‘ 1 2 3 4 5 6 7 8 9 101 1213 14 15 16 17 18 19
Position of coarse tap sdecor ‘ taps
Designation of sdector switch contacls ‘
Defignadion of posmions
SiPl ole Wgll e i
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Serial - No. : T300213

Project :63/21KV-20MVA

31 Ol gl 8



TAP 1U -1N 1V - 1N 1W - 1N

) dd .Y dofr,¥ 08Y,0
Y OY4,A dF ), ova,v
B 0Y4,0 oY f?,¥ ovy,y
¥ OY¥,? oY o,4 o)+,
o 0V4,) o\V7,Y YA?,?
14 o.4,Y Favy,A YAV,V
\ Fav,y YAQ,? FAQ,Y
A YAD,A FVy,o YoM,
q Yr¥,a ¥a.,8 ¥a4,)
| FY¥,v YYA,V ¥Ya,o
AR FAA Yrv,o FVYAA
VY YFV, Ya4,A ¥ro,¥
\R3 YFA,Y YoA,d Yav,¥
\¥ Y¥fy,Y Y¥y,8 FY¥,.
Vo FYY,. Yya,¥ Y\V,?
\ ¢ LA Yyvvy,vy ¥V\7,A
\RY AR Y.V,Y Fiv,v
YA f.Y,v YAV, YAY,0
)4 ¥va,a YV, YAY,A

351 ol Wl e



AT=C

ALANTE TAMAN ENEROY GO

1U-1N

60.0

50.0

40.0

30.0

20.0

10.0

0.0
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60.0

50.0

40.0

30.0

20.0

10.0

0.0

1V-1N

11

12

13

14

15 16 17 18 19

351 ol wigll 8



AT=C

ALANTE TAMAN ENEROY OO

1W-1N

60.0

50.0

40.0

30.0

20.0
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ATEC

ALVAND TAVAN ENERGY CO.

LAND

- 05/11/20086

Date
Time

Emiss

il

90.0
82.4
743
65.8
56.7
46.9
36.0
23.9
10.0

1098

2:45:00
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ALVAND TAVAN ENERGY GO,

E.(BELED

Date 2141112006
Time 2 19:07:00

76.0
69.0
61.8
541
458
36.8
27.0
16.2
4.0

Emiss :0.98

4.0
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AEEC

ALVAND TAVAN ENI'_RGY co

Serial - No : 217930 Project : 1000 KVA - 20:0.4 KV

Customer: Vector Group: Dyn5
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4259 166 5 |11 — 95 yurty 10030 0 sked /43 67 0K 5k —S3 oy ol 79055 1 yi9d

948 °C oC
110.0 *C
166.2 °C
1058 *C

66.7 °C

89.5 °C

60.9

N34°1'18.14" N34°1'18.14"

es1o19a4.050 N |8 £51019%4. 950 M
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AEEC

ALVAND Tl\ VAN ENERGY CO,

Voltage (V) Measured Ratio
Ave.Err
TAP Nom. 1U-1V 1V-1W 1W-1U or
lo lo lo %
s = (mA) (mA) (mA)
Ratio 2u-2n 2v-2n 2w-2n

YooYV Feo 80,4Y 9,A00 YLVY A AR YLYY A0 AG] LWV Y Y

Y Yevoo Foo AP, 700 A7,008 Y,AR A7,0¢9 Y,¥Y0 A7,FF. Y, V7 LV YAS

Y Y9 eee Foo AY,YVO AYLYFY Y07 AY,Y A Y, FY AY,YYA ¥,00 «,00Y-
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ALVAND TI\VAN ENERGY CO,

DC Resistance measurement from HV
sidein Q :

TAP 1U-1N 1V-1IN 1W-1N

\ ¥,¥ ¥, ¢ A\ 4
Y ¥,¥ ¥ ¥ ¥,¥f
\ f,v ¥y ¥f,¥
2v 31 ol gy g8 3

DC Rsistance measurement from LV side in m Q
(before) :

Tap 2u-2n 2v-2n 2w-2n

Y, \,0V ,4¥

flux magnetic balance test

1U-1V  1V-1IW 1W-1U

XYPY 149 Yo
VY Ry oy
¥ ¢ YAS  *YYY
2v B g g8 1wy

DC R M from LV side in m Q (after)

Tap 2u-2n 2v-2n 2w-2n
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&LIEC

ALVAND TAVAN ENERGY CO

2 y99lo yghmil yi (51 5 gu
: B gleog s 35 b

(Ppm) 357l jghanilyi' 35y 1S 9ilog p5506 01 g L

NO. S*[‘)':l‘:’e'e H2* | CH4* | C2H6* | C2H4* | C2H2* | cO* | CcOo2| N2 | 02
1 99/02/15 092 23 24 62 1 83 1430 | 108818 | 17233
2 99/04/24 | 224 51 70 160 0 249 | 3992 | 58536 | 5361

*Combustible Gas
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ALIEC

ALVAND TAVAN ENERGY CO

Growth rate
N Results Results Results Condition S
Gases 98/12/05 | 99/04/07 | 990515 | 1eEE Csn00q | 1HEECSTIM
(ppovday)
(.9\'2, o 4035 6188 5446 -19.03
s 61385 | 76403 | 80435 103.38
NITROMGEN
. \,,,((,),2 o 5245 5744 8250 CON.3 64.26
CARX \(0\ ot 323 359 659 CON.3 7.69
}lz ) i f)
HIDROGEN 238 285 542 { 6.59
Zdn 83 76 130 CO 138
METHANI
(."gHZ 3 18 4 CON.2 -0.36
ACETYLENE
! 1(11% lm[ 268 245 280 CONA 0.90
e 107 122 204 CONA 2.10
C3H6 78 63 59 ) ‘0.10
PROPYLENI
S 203 166 153 : 0.33
PROPANI
TDCG
(Totul Dissolved 1022 1105 1819 COND2 18.31
Combustilile Cases )
Transformer
Condition 4 4 4
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DC Resistance Curve

mi)
[
(¥ )
o
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= 11-1V

— 1V-1W

e 1W-1U
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Taps
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AIEC

ALVAND TAVAN ENERGY CO

600

500

400

300

200

100

DC Resistance Curve

\

1 2 3

Series]l e=@==Series? == ==Series3
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AIEC

ALVAND TAVAN ENERGY CO

Tap 1U-1V 1V-1W 1W-1U Variation %
1 153 152 151 1.3
2 149 148 148 0.67
3 145 145 144 0.69
4 142 141 141 0.7
5 138 138 138 00
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AIEC

ALVAND TAVAN ENERGY CO

155

150

145

140

135

130

DC Resistance Curve

3

Series]l e=@==Series? e= ==Series3
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1W-1U Variation %
1 153 152 152 0.65
2 149 148 148 0.67
3 146 145 145 0.68
4 142 141 141 0.7
5 138 138 138 00

S35 olgF gl S



AIEC

ALVAND TAVAN ENERGY CO

DC Resistance Curve
155

150

145 \
140 \

135

130
1 2 3 4 5

Series]l e==@==Series? e= ==Series3
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LEC

Transformer nameplate data:

Power: 100.0kVA
Impedance: 4.000%
Vector Group Yzn5

Vector Group Label: Yzn5
U Side 1: 20.00kV
U Side 2: 400.0V
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N YMID TAVAN ENEAGY 0O

Ratio Test :
* Measurements (sorted by tap).
. Vv

Tap | Phase | Label Vc;:ge Direction '::t: Prir:ary (;:Ig | prim |V sec. Ph\a,se P:::e TIR II: Assessment
1 [A A 20800 | Prim-Sec|52.0000| 200.0V|2.221V|618.50A12.219V]150.13"] 0.13°]52.0843 | 0.16% | Passed
1 |B B 20800 | Prim-Sec|52.0000| 200.0V|2.221V|412.0uA|2.214V]150.06°| 0.06°|52.1418 | 0.27% | Passed
1 |C C 20800 | Prim-Sec|52.0000| 200.0V|2.221V|585.50A12.220V]150.21°] 0.21°]51.9885 |-0.02% | Passed
2 |A A 20000 | Prim-Sec|50.0000| 200.0V|2.309V |661.2uA12.307V]150.14"| 0.14°50.0615| 0.12% | Passed
2 |B B 20000 | Prim-Sec|50.0000] 200.0V|2.309V |435.54A12.303V]150.06°| 0.06°50.1356 | 0.27% | Passed
2 |C C 20000 | Prim-Sec|50.0000| 200.0V|2.309V |634.50A12.309V]150.20°| 0.20°]49.9831-0.03% | Passed
3 (A A 19200 | Prim-Sec|48.0000| 200.0V|2.406V |687.2uA]2.404V|150.14"| 0.14° [48.0226 | 0.05% | Passed
3 |B B 19200 | Prim-Sec|48.0000] 200.0V|2.406V |461.2uA]2.399V | 150.06°| 0.06° [48.1302 | 0.27% | Passed
J |C C 19200 | Prim-Sec|48.0000] 200.0V]2.406V |643.3uA|2.406V|150.19°| 0.19° [47.9803 | -0.04% | Passed

35 ol wigll 8
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TTR

Phase A
Phase B
v

512- [V]Phase C

496-

48
1' | 2 | 3
Tap changer position
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N YMID TAVAN ENEAGY 0O

* Measurements:

W1
Tap | Voltage Injection Tap Voltage H1 H2 H3
1 V1=Injection 20800 9.871V 5.913V 3.925V
1 V1=Injection, V2=0 20800 9.806V 244.5mV 9.600V
1 V1=Injection, V3=0 20800 9.860V 9.714V 136.9mV
1 V2=Injection 20800 5.981V 9.823V 3.862V
1 V2=Injection, V1=0 20800 219.2mV 9.761V 9.597V
1 V2=Injection, V3=0 20800 9.727V 9.801V 135.4mV
1 V3=lInjection 20800 5.013V 4811V 9.817V
1 V3=Injection, V2=0 20800 9.713V 155.2mV 9.802V
1 V3=Injection, V1=0 20800 121.3mV 9.717V 9.805V

31 oy wighl 2



N YMID TAVAN ENEAGY O

* Measurements (sorted by Phase):

T: Phase Label Side Time vDC IDC R dev
» act(20.00%) | Stabitity | Stability | corr(75.00%)
2909 - _ '
1 A AB HV 1400s| 2184V = 7506 Q 1.00 % 093" 9128Q -1.60 %
T
286G 0
2 A AB HV 5000s| 2153V Ze 2 7452 0 1.00 % 1.02°% 2063 Q 14879
mA
240
3 A AB HV 50.00s| 21.22v| 2294 73320 1.00 9 314 ga17a| 131%
mA
1785| 7.0 R o o
1 P A LV 31.00s 78 T8 25.18 mQ 1.00 % 0.95 % 2083m0D 37.70 %
mV -
B} £ 288.7 o e s - S
1 B BC HV B000s| 2202V 2 76.27 0 1.00 % 212 % 92750 1.60 %
mA
. . 290.3
2 B BC HV 5000s| 2153V N 74.16 O 1.00* 4.01 %™ 2019 Q 1.00 %
2889
3 B BC HV 8000s| 2097V A 72600 1.00 9 517 %°* 88290 099°
ma
125.2 7.006
1 B B LV 5000s 17.87 mQ 1.00 % 3.00 %* 2188 m0 | -34.52 %
mVy A
289.0
1 C CA HV 1200s 21.76 VvV = 75200 1.00 % 0.48 9156 0Q -1.29°%
m&
) 280.3 _ -
2 C CA HV 5000s| 2124V A 7343 0 1.00°% 518 %™ 8829 0) -1.48 %
= < 2899 _
3 C ca HV 5000s| 2008V 227 72.36 0 1.00 % 4.40 %" ssooa| -1231%
N 1205| 7.007 i R ]
1 C e LV 5000s mv A 1719 MmO 1.00 % 417 " 2105 m0 | -37.70 %

S350 ol wigll o8




N UMD TAVAN EHERGY O

* Measurements (sorted by Phase):

R Nominal Actual R
T Phase Label Side Time vDC IDC R dev
- act(20.00°) | Stability | Stability | corr(75.00%)
1 AB HV 1400s| 21.8av] 2909 75.06 O 1.00 0.93 % o1280| -1600
ma~A
—
2 AB HV so00s| 21.53v| 229° 74520 1.00 4.02 % o063n| 148%
maA
3 AB HV se00s| 21.22v| 2594 73.32 0 1.00 3.14 % so170| 131%
mA
1765 70 i
1 A LV 31.00s R 08 154 m0 1.00 % 0.95 % a083ma | 37.709
mV A
1 BC HV 80.00s| 2zz02v| 2%87 76.27 Q 1.00 % 2.12 %" gz750| 1.60%
m&A
Q
2 BC HV 5000s| 2153V 2-0§ 74.16 O 1.00 % 4.01 %" go190| 100%
m
288 9
3 BC HV 80.00s| 2097V e 72.60 O 1.00 % 517 % ss200| 0009
mA
1252] 7.006
1 B B LV 59.00 5 o 15.50 M0 1.00 " 3.00 % z188m0 | -34.52 0
mv A
289.0
1 C CA HV 1200s| 2176V S 75.20 0 1.00 % 0.48 % o156 -1.209
mA
- 289 3 i L i
2 c CA HV 5000s| 21.24V 73430 1.00 % 5.18 %" gozan| -1.48%
280.9
3 c CA HV 5000s| 2098V : 72.26 Q 1.00 % 4.40 % gsoo| -1.31%
1205 007 i ) -
1 > C » LV 50.00 = ][R 154 mQ 1.00%| 417% 21.05 ma | -37.70 %
1A%
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3900 g8l 5 Slasume

Serial - No:12505006 Project :230/63/20KV Voltage Level :245KV

Manufactured By : ABB
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AT=C

ALVANTE TAMAN ENEROY CO

Measuring Sequence:
Mmoo at 25°C

From tap 1 tol9 in

TAP 11U -1 N AV - 1N aAawvv - 1N
a 647 .300 90944 .000 651 .000
2 662.400 960.000 668.000
3 678.700 O974.000 681.600
4 691 .200 989.000 695.300
5 705.600 1.003 7 0O09.900
S 719.900 1.018 7T244.400
7 734.400 1.032 7T38.900
8 7TA49.100 1.047 754.600
o _ _ _

10 764.000 1.061L 769 .200
e 7T27.200 1.0221 728.800
122 741.500 1.037 7445 .200
13 7T57.400 1.052 760.600
14 7 70.500 1.067 7 74a4.800
15 785.100 1.0841 7T9O90.200
16 TO99.500 1.094 804.600
17 814.300 1.108 818.400
18 831.100 1A.123 834.000
19 845.300 1A.137 848.400

JJMMMJJG@‘:‘H“

v
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/nsulation resistance measurement
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ALVAND TAVAN ENI:RGY co,
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AEEC

ALVAND TAVAN ENERGY CO
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AIEC

ALVAND TAVAN ENI’RCY co

/nsulation resistance measurement

The insulation resistance should be several thousand megachms. However the value is widely
dependent on measuring time and temperature of the transformer. For venfication of values to
values to normal conditions (20 °C) the following conversion table is valid.

The insulation is measured with a Megger, test voltage 2500-5000 Vv DC, readings taken at 15 sec
and 60 sec.

Readings are referred to 20°C by multiplying the reading at ambient temperature T{ambient) by
correction factor given in table below.

T(Amb.) Correction T(Amb.) Correction
°C Factor °C Factor
-10 013 35 2.80
-5 0.18 40 3.95

0 0.25 45 560
5 0.36 50 7.85
10 0.50 b5 11.20
15 0.75 60 15.85
20 1.0 65 2240
25 1.40 70 31.75
30 1.98 75 44.70

Minimum 60 second test value corrected to 20°C should be 1000 Megachm. Furthermore the
change of the readings taken at 15 sec and 60 sec is used to determine the dryness of the
insulation. Reference value R60VR15 is normally 1.2 .. 3 in a dried transformer.

Values R60/R15 < 1.2 indicates that the transformer has moisture.
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( Polarization Index) Pl w3t

PI=R(10) min/R(1min)

s Polarization index tests
The polarization index is the ratio of the insulation resistance at

the end of a 10 min test to that at the end of
a 1min test at a constant voltage.

S35 olgF gl S



The following are guidelines for
evaluating transformer insulation
using polarization index values:
Less than 1.0 = Dangerous

1.0to 1.1 = Poor

1.1 to 1.25 = Questionable
1.25to 2.0 = Fair

Above 2.0 = Good
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ALIEC

ALVAND TAVAN ENERGY CO

Core and frame connection o
O Jlas! azio -1

Gl -2

ety Jlaitiasiis -3
e S -4

Gle -5

6 1413 12 7

Sonid :
» .'ll ' mp———im -

soileyganil 5 g )0 -6
il 4z =7

95 o g -8

soul oy -9

ooy Jlait amio -10
Ls 92 5l -11
olnddl o s dpam -12
O S epen Jlait Y 13
ooy Jlail -14
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AIEC

ALVAND TAVAN ENERGY CO

Table 9 —Typical insulation resistance ranges for various conditions
of core insulation

- Core insulation
eqlfigfn(:*n t resistance Condition of insulation
(MQ)
i 5 500 Manufacnu'el" to be consulted for values less than 500 MQ for proper
course of action.
ervice >100 Normal
el 10 to 100 Indicattve of msulation deterioration
i <10 Needs to be investigated
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AT=C

ALVANTE TANAN ENEROY GO

Form No: U2-KPC-OTC-TR7101D-002 Date:

Transformer tag: TR-7101D Location: US2 Gas Turbine Area

Rated output 30000 kVA Vector group :YNd11
Voltage Ratio (HV/LV): 33000V +6x1.25% /11000V Frequency: 50 Hz

Tap Changer: On-Load Tap Changer (OLTC) Cooling: ONAN
Manufacturer: NEW KOREA ELECTRIC CO., LTD Serial No: W10057

Oil Temperature: 30 °C ATZ:i;:t ............. °C

Related drawings : Transformer Operation and Maintenance Instructions (NKEI-110445)
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Winding Insulation Resistance Measurement before Applied Potential Test

Resistance (GQ)

P.l FAT Resul
Description DC Voltage esult Result Remark

_ . (Ryo/Ryq) (GQ)
15Sec 1 min 10 min

HV/LV 5000 VDC 8 14 23.1 1.65
HV/Earth 5000 VDC 7 12 21.4 1.78
LV/Earth 5000 VDC 5 8 15.5 1.93

351 ol Wl e
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Oil Temperature: 10 °C

Winding Insulation Resistance Measurement before Applied Potential Test

Resistance (MQ)
P.l FAT Result

Description DC Voltage . . (Ry/Rys) (GQ) Result Remark
15Sec 1 min 10 min
HV/LV 5000 VDC 50 48 - 0.96
HV/Earth 5000 VDC 48 45 - 0.937
LV/Earth 5000 VDC 55 50 - 0.9
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ALVANTE TAMAN ENERAY GO

Description

HV/LV

HV/Earth

LV/Earth

O 95 A g8 g ALaliBly K ol il
Oil Temperature: 50 °C

Winding Insulation Resistance Measurement before Applied Potential Test

Resistance (GQ)
DC Voltage

15Sec 1 min 10 min

5000 VDC 1.8 3.2 5.5

5000 VDC 1.7 3.2 5.8

5000 VDC 1.5 2.3 4.1

FAT Result

(GQ) Result Remark

S35 ol Wl e



L ) SS e A Gl >

551 ol wgll 8



af Sria )l bl oj8a Boe G ) B g b j3 g »
A9 Cufla Al g 0 alad) e ol Abalddly g 0

g ABial s g ad AT W o 8a 59y o ol lala oSG ALlalddly
.M‘Qﬁgkww\gdﬁJ\&jﬁJwJ@M

S35 oy gl e



AL I TAMAN ENEROY O

s Ay B

ik ) Iirg £ gl ga Gl 9 MAS 0 @ Sk ) L o R alad B
L Al ol &S

S35 ol Wl e



AL I TAMAN ENEROY O

250 S b 5 9 5 Sl Ly g il

S35 ol Wl e



[smé]
AL W 11 VAMAN ENERAY CO

2500 S 1 o 9 5 s Lyl g il

Water content

OFgy P cugb g9
Break down Voltage

1 Acidity : ks  saloss oty

FT-DDF —Particle content ¢ &,d

X Particle Content
JRv-ils

FDS: Cﬂé’b)

Ji99,98 t U (5
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¢+ Particle Content and water

| A HYUNDAI
HEAVY INDUSTRIES CO, LTD.
NUMBER OF PHASES 3][TYPE TL-1479 |
| COOLING CLASS ONAN/ONAF 1 /DNAF2 | [ FREQUENCY 50 Kz |
[ VECTOR GROUP oGl |[STANDARD IEC60076 |
[ALTITUDE ABOVE SEALEVEL: 2000M || TEMPERATURE RISECDIL/WINDING? 47/52/65°C |
Ui RATED RATED RATED CURRENT BIL — SIVL
POVER VOLTAGE (AT TAP NOUD> | WINDING/BUSHING | WINDING/ BUSHING
V| 190/250/315 MVA | 400 kV| 274/361/455 A | 1300/1550 KV | 1050/1175 kV
LV | 19072507315 MVA | 230£9X167/kV | 477/628/791 A | 95071050 KV | 7507850 KV
TV | 24/32/40 _MVA| 20 kV[ 693/924/1155 A 125/170 kv N/A_ KV
ZER SEQUENCE IMPEDANCE AT 75°C(31SMVA BASE) _|[ MAXIMUM SHORT CIRCUIT CURRENT RATING FOR 2SEC
HV-LV(LV SHORT CIRCUITED) 13056 %||  WINDING SN ASYM
HV-TV(LV OPEN CIRCUITED) 15276 4l KV 333 KA BISKA
LV-HV(HV SHORT CIRCULTED) 1665 4| LV 667 KA | 17.94 KA
L LV-TV(HV OPEN CIRCUITED) 13622 /% TV 406 KA | 109 KA
IMPEDANCE AT RATED VOLTAGE AND 75 °C & PRINCIPAL TAP] VEIGHT
HV-LV 7 CORESCOIL ASSEMBLY 128200 Kg
HV=TV % | 31SMVA BASE || TANK AND FITTINGS 109605 Kg
LV-TV % | "INSULATION DIL(ISS000LT) 137795 Kg
| SOUND LEVELCONAN/DONAF 2) 68.6/708 op ||.MAIN BODY TRANSPORTATION _ 191000 Kg
r - 1 TATAL WUEIRHT UISAMN Kn

400

™ TCMAND

I
2

4

g,

o D

\ % Impedance ot 757 7% princlpal tap 315MVA base

HV-LV 13232% 13271%
HV-TV 160.424% 1605507
LV-TV 1432287 1434597 ¢
TYPL D
/5 No\!ii AHWAT S?_f[]MA»l_@I!AR:’I‘ !
CLIENT |

WATERIAL * STAIMESS STEEL A
DINENSION - 0.6 X 400 X 300

NATURAL FACE, DARK LETTER AND LINE
STANDARD : 1ECA0076

THE BLANK SPACES WILL BE ENGRAVED
AFTER TESTING TRANSFORMER

—

20080151 TIF001-001 002

&

WINISTRY OF ENERGY

™
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Results of the Internal Inspection

for Transformers at Khoy Substation
23~25 July, 2012
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Arcing marks on the inner surface
of bushing housing

Wooden support for transportation
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- How could the fault current
hit the chamber wall?

Wooden support for transportation
acted as a shortcut for the fault

current to pass through to the
chamber wall.

Especially, residual water vapor in the
tank took a great role for these events.

S35 ol Wl e
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» No compliance with LONG-TERM STORAGE procedure

The transformer had been left for almost two years without any special care such
as injecting Nitrogen and/or filling insulation oil, which is clearly mentioned in the
instruction manual (page 24~25, 69 HHIS-WZ-TE-100"Shipment, Storage And
Erection of Oil-immersed Transformer”).As a result, the water could easily
penetrate into the transformer over time, which finally weakened the insulation
strength of the parts in the transformer.
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ol 1391/12/23
NI ™ -
gy .
Byt .
km/H s8aus s s 8
Km/H (£3, 354
B3y Hipe 0
Size (micron) P. No./ml Code P. No./ml Code P. No/ml Code
2 14320.7 21
5 6539.5 20
10 505.1 16
15 411 13
25 0.8 7
50 0.1 4
ISO 4406 Code: 21/20/13

Particle Counting

Oil Cleanliness
Level

(B8 Sjead gl

Uy 6 5
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1000KVA 3990 5 ghmit 33 (ol g8

20/0.4KV

Dyn5

(S0 o
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Resistance(GQ )

R( 60/15))

Lv 5 0.25 0.32 1.28
Ground 5 0.210 0.28 1.33
Ground 0.5 0.190 0.245 1.28
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LEC

) TANAN ENERGY ¢

P0f ey AN H d S Cuwd

Resistance(GQ )

R(60/15)

LV 5 5.5 8.2 1.49
Ground 5 8.4 11.5 1.37
Ground 0.5 >1
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Sysl Sys2
15sec. 60sec. R(60/15)

0.07 1.4

Ground 5 0.0575 0.0632 1.09
Ground 0.5 0.0282 0.032 1.13
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Sys1l Sys2
15sec. 60sec. R(60/15)
LV 2.5

0.925 1.31 1.41
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AEEC

ALVAND TAVAN ENI:RGY co,

Sysl Sys2
HV LV
HV Ground
LV Ground

@buﬁ

*0 * *0

SO e 3O AN A B o HLS Jlait e

Resistance(GQ )

Meas.kv
15sec. 60sec.
2/5 1/47 2/21
2/5 1/72 2/32
0/5 0 0

Pl

R(60/15 )

1/5

1/34
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Capacitance and Dissipation/
factor Measurement
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AEEC

ALVAND TAVAN ENERGY CO

Capacitance and Dissipation Factor
Measurement

Capacitance (C) and Dissipation Factor (DF) measurement is an established
and important insulation diagnosis method. It can detect:

Insulation failures

Aging of insulation

Contamination of insulation liquids with particles
Water in solid and liquid insulation

Partial discharges

S35 olgF gl S



Maintenance Measurements on Transformer in Accordance
With USA Standard ANSI/IEEE C57.12.90-1993

The following points must be observed when performing measurements in
accordance with the ANSI/IEEE C57.12.93 standards

» All possible capacitance must be measure i.e. capacitance between the individual
winding system;

capacitance of the winding system to transformer housing (earth).

« Each winding group must be short-circuited.

« All windings must be installed.

* The temperature of windings and the insulating fluid (oil) be close to reference
temperature (20 "C).

 The test voltage should not be more than half of the low frequency working
voltage or 10 KV.
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Definition of Tano
Equivalent Serial circuit diagram

Mgainly polarization losses

TR, o7 \\
F{S Ij l gﬂs
U
tan O = Ur _ R,wC
ks c
¥ Cs J Ues
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Definition of Tano
Equivalent Parallel circuit diagram and vector diagram

R
tanﬁ—]]—REI— . Are

|]L_'P| | = fl}l(:.l_l

Mainly conductive losses oo~ 2

I \ and = frequency

O L 4

=

=
g
|
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AIEC

ALVAND TAVAN ENERGY CO

Schering Bridge principle

1, .
B, 4 — —_—
A\ Viec, R
E. JmCy

—

R4
R R4 [‘:| —— Ca

©

R [8
Real parts: e . e R, = =2 =R,
pa R, C, 177
. Fy
Imaginary parts: C; =Ry = Cy=Ry= | 7 7 Ce
3
Lan & R, = wC,
) R, R,
lan & f.'dx?:x“)xijxf_'z

S35 olgF gl S



VOLTAGE
SOURCE HL  H2 M3

CURRENT
METER

T OT1. 1

GUARD

Figure A.3—Grounded specimen test circuit
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AEEC

ALVAND TAVAN ENERGY CO

Three-phase transformer with winding capacitance — three windings

Core

=]
2

e
55

W

Rt o,
S5

T, T, 5 O,
S5

Tank J—
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ALT=C

VAND TAVAN ENERGY CO

UST : Ungrounded Specimen Test

In the UST mode capacitor between high voltage cable
and related measuring inputs is measured.

£ * >
Guard N A ——— — —
L o =]
jil ,/ IN B 1
=
O—— 5
r : UST-A

---------------------------------------------

Measuring input

S35 olgF gl S



LEC

ALVAND TAVAN ENERGY CO

GST : Grounded Specimen Test

In the GST mode all connected capacitors are measured in parallel

: + Gl Chr CH
I INA : |

C=CuL+* Chr+ Cy

IN B 3 -
I N N .
: GST
£ »l4o :
............................................. —
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LEC

ALVAND TAVAN ENERGY CO

GSTg : Grounded Specimen Test with guarding

In the GSTg mode capacitor of winding to ground is measured
and measuring inputs are guarded.

—0
& b—e—to
GSTg-A+B
o0 o
C= C’H

----------------------------------------------

S35 olgF gl S
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AEEC

ALVAND TAVAN ENERGY CO

Temperature correction factor for mineral oil insulation

Test temperature T Correction Factor K

("C)
10 0.80
15 0.90
20 1.00
25 1.12
30 1.25 where
35 1.40 szﬂ Is the power factor corrected to 20°C
40 1.55 Fot  is the power factor measured at T
45 175 T s the test temperature ("C)
E0 195 K is the correction factor
55 2.18
&0 242
65 270
70 3.00

Mote: The correction factors listed above base on

insulated systems using mineral oil as an

insulating liguid. Other insulating liguids may have

different correction factors.
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Table 18 —Nominal and serviceability service-aged limit:
power transformer insulation power factor

Insulating liquid KV rating Nom;:;l;:el?mli)tower Se;;:;eﬁzllil:ty
Mineral o1l <230kV 0.5% 1.0%
Mineral o1l >230kV 0.4% 1.0%
Natural ester All 1.0% 1.0%

NOTE—ALII PFs are corrected to 20 °C except for natural esters, which at this time of writing
the guide had no published temperature correction curves. Future work 1s needed to address this
1SSUe.
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In the field, transformer msulation systems should not change by more than 5% from the benchmark
tesults. If the results are above 5% and below 10% change, an mvestigation needs to be conducted to
etermne the extent or severtty of the issue. If the capacitance has changed by more the 10%, the
transformer should ot be returned to service.
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ALVAND TAVAN ENI'_RGY co
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Serial - No :S1586812
Project :20/0.321 KV-18.4MVA

Manufactured by Tamini com.
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ALVANTE TAMAN ENERAY GO

AT=C

Insulation resistance measurement :

Resistance(GQ ) Pl
Sys1 Sys2 Meas.kv 15sec. 60sec. R(60/15)
HV v2n &, Y,Y ", \,¥
HV v3n O, Y, Y,A \,¥
HV van &, Y, Y,A \,¥
HV v5n &, Y,y Y, \,¥
HV vbn o, A\ v,y \,¥
HV Ground &, A \,Y \,0
v2n v3n 0 '<
v2n van 0 \<
v2n v5n “,0 1<
v2n vbn 0 <
v3n v4n 0 <
v3n v5n 0 <
v3n vén 0 \<
v4n v5n 0 '<
vdn vbn 0 <
v5n vén .0 \<
v2n Ground 0 \<
v3n Ground 0 <
v4n Ground o <
v5v Ground 0 <
vébn Ground 0 <

&35! oy gl e



ALMANTE TAMAN ENERAY CO

Voltage (V) Measured Ratio
Nom . V1-N o V1-N V1-N V1-N V1-N Ave'oE"or
HV LV Y0
Ratio v2-n (mA) v3-n v4-n v5-n v6-n
20000.000| 148.000 | 135.135 135542 | 87.000 | 135.467 | 135.360 | 135.509 | 135.449 0.244
20000.000| 153.000 | 130.719 131.235 | 85.300 0.395
20000.000| 159.000 | 125.786 126.292 | 83.600 0.402
20000.000| 164.000 | 121.951 122234 | 81.900 0.232
20000.000| 170.000 | 117.647 117.784 | 80.500 0.116
20000.000| 175.000 | 114.286 114.677 | 78.300 0.342
20000.000| 180.000 | 111.111 110.821 | 77.000 -0.261
20000.000| 186.000 | 107.527 107.512 | 75.600 -0.014
20000.000| 191.000 | 104.712 104.840 | 74.500 0.122
20000.000| 197.000 | 101.523 101.733 | 73.100 0.207
20000.000| 202.000 99.010 99.095 72.000 0.086
20000.000| 207.000 96.618 96.639 71.300 0.021
20000.000| 213.000 93.897 94.262 70.500 0.389
20000.000| 218.000 91.743 91.880 70.000 0.149
20000.000| 224.000 89.286 89.608 69.500 0.361
20000.000| 230.000 86.957 87.318 69.100 0.416
20000.000| 235.000 85.106 85.431 68.500 | 85.414 85.205 85.644 85.547 0.401
20000.000| 240.000 83.333 83.553 68.500 0.264
20000.000| 245.000 81.633 81.685 68.800 0.064
20000.000| 251.000 79.681 79.896 69.200 0.269
20000.000| 256.000 78.125 78.328 69.700 0.259
20000.000| 262.000 76.336 76.700 70.400 0.477
20000.000| 267.000 74.906 74.886 71.200 -0.027
20000.000| 272.000 73.529 73.590 72.100 0.082
20000.000| 278.000 71.942 72.194 73.000 0.350
20000.000| 283.000 70.671 70.679 74.100 0.011
20000.000| 289.000 69.204 69.426 75.200 0.321
20000.000| 294.000 68.027 68.190 76.600 0.239
20000.000| 299.000 66.890 66.862 78.000 -0.041
20000.000| 305.000 65.574 65.603 79.500 0.045
20000.000| 310.000 64.516 64.463 80.900 -0.082
20000.000| 316.000 63.291 63.472 82.500 0.286
20000.000| 321.000 62.305 62.404 84.100 | 62.418 62.219 62.301 62.335 0.048
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ALIEC

ALVAND TAVAN ENERGY CO

MANUFACURER IRAN TRANSFO
SERIAL NO $1687042
TYPE TSUN 6239
POWER 1600 KVA
NOMINAL VOLTAGE 6.6/0.42 KV
VECTOR GROUP Dyn5
YEAR OF MANUFACTURER 2017
DATE OF TEST 2020-08-20
TEMPERATURE OF TEST 30°C
MANUFACURER IRAN TRANSFO
SERIAL NO $1687045
TYPE TSUN 6239
POWER 1600 KVA
NOMINAL VOLTAGE 6.6/0.42 KV
VECTOR GROUP Dyn5
YEAR OF MANUFACTURER 2017
DATE OF TEST 2020-08-20
TEMPERATURE OF TEST 20°C
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AEEC

ALVAND TAVAN ENI:RGY co

T1

Insulation resistance measurement :

Resistance(MQ ) PI
Sys1 Sys2 Meas.kv
15sec. 60sec. R(60/15)
HV LV o TV, VY, \,eV
HV Ground (o 71,0 oA, ¥ «,48
LV Ground “,0 VY, 00 VY, 0. ,40
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Measurement of Dissipation Factor (tan delta)

System Mode | Voltage | TanDelta | TanDelta | Current | Capacitance
(kv) t°C(%) | 20°C(%) [ (mA) (nf)

HV/LV UST 6.6 0.857 0.686 9,346 4.439

HV/Frame+E | GSTg 38 0L 0. 1.545 1.173

HV/LV+Frame+E | GST 38 ol 0.l 6.962 5,612

LV/HV UST 0.5 0.861 0689 | 0673 4.440

I LV/Frame+E | GSTg 0.5 0L 0L 0.904 6.031

LV/HV+Frame+E | GST 0.5 0.l 0L 1.593 10.472

0.L: OVER LIMIT (Measurement value more than allowed limit)
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T2

Insulation resistance measurement :

Resistance(MQ ) P
Sysl| Sys2 Meas.kv
15sec. 60sec. |R(60/15)
HV LV 5 900 995 1.11
HV | Ground 5 675 7146 1.11
LV | Ground 0.5 335 397 1.18
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Measurement of Dissipation Factor (tan delta)

System Mode | Voltage | TanDelta | TanDelta | Current |Capacitance
(kV) | £C(%) | 20°C(%) | (mA) (nf)

HYILV | ST 6.6 0837 | 0837 | 9.99% 4814
HV/Frame+E | GSTg | 38 1463 | 1463 | 1429 | 1174
HV/LV+Frame+E |  GST 3.8 1.218 1218 | 7.188 5.988
LV/HV UST 0.5 0.832 0.832 0.663 4813
LV/FramesE | GSTg | 05 0990 | 0990 | 0910 | 6516
LV/HV+Frame+E | GST 0.5 0.828 0828 | 1578 | 11.330
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Insulation resistance measurement :

Resistance(GQ ) P
Sysl| Sys2 Meas kv
15sec. 60sec. |R(60/15)
HV LV 5 4.47 8.30 1.86
HV | Ground 5 6.41 9.32 1.45
LV | Ground 0.5 O.L O.L
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LEC

ALVAND TAVAN ENERGY CO

T=20 °C
V Test
HV out put C (Pf) Tg6(%) Measured Mode Tg6(%) at 20°C
(KV)
HV 5 4488.00 0.395 C2 USTA 0.395
HV 5 940.09 0.470 C3 GSTg-A+B 0.470
HV 5 5428.00 0.408 C2+C3 GSTgB 0.408
LV 0.5 4483.00 0.411 C2 USTA 0.411
LV 0.5 6187.00 0.602 Cl GSTg-A+B 0.602
LV 0.5 10669.00 0.522 C2+C1 GSTgB 0.522
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LEC

FDS Result
Name CHL Channel CH1
Moisture in cellulose 18% Capacitance @ 50 Hz 4.469 nF
Moisture category dry Capacitance @ 60 Hz 4 467 nF
Moisture saturation 4.2 % Tan & / power factor @ 50 Hz 0.40%/0.40 %
Bubbling inception temperature | 159.0 °C Tan & / power factor @ 60 Hz 0.39%170.39 %
Compens. of aging by-products | yes C (10 mHz) / C (50 Hz) 1.362
Oil conductivity 3.6 pSim Barriers (X) 19 %
Oil conductivity @ 20°C 3.6 pSim Spacers (Y) 40 %
Oil category good Polarization index 3.678
Max. stop frequency reached yes DAR 1.449
Moisture categories Oil categories
dry <22% very good < 3pS/m
moderately wet 222%and<3.7% good 2 3 pSim and < 20 pS/m
wet 237%and<48% satisfactory 2 20 pS/m and < 57 pSim
extremely wet 248% unsatisfactory 2 57 pS/m
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ALVAND TAVAN ENERGY CO

Chart (DissipationFactor [%] / Frequency [Hz])
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T2

Insulation resistance measurement :

Resistance(GQ ) P
Sysl| Sys2 Meas.kv
15sec. 60sec. |R(60/15)
HV LV 5 4,70 9.23 1.96
HV | Ground 5 5.80 8.71 1.50
LV | Ground 0.5 O.L O.L
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LEC

ALVAND TAVAN ENERGY CO

T=20 °C
V Test
HV out put C (Pf) Tg6(%) Measured Mode Tgd(%) at 20°C
(KV)
HV 10 4489.00 0.364 C2 USTA 0.364
HV 10 921.36 0.352 C3 GSTg-A+B 0.352
HV 10 5411.00 0.362 C2+C3 GSTgB 0.362
LV 10 4483.00 0.380 C2 USTA 0.380
LV 10 5954.00 0.548 Cl GSTg-A+B 0.548
LV 10 10437.00 0.476 C2+C1 GSTgB 0.476
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ATEC

) TAVAN ENERGY CO

Measurements

Name CHL Channel CH1

Moisture in cellulose 1.8% Capacitance @ 50 Hz 4.469 nF

Moisture category dry Capacitance @ 60 Hz 4 467 nF

Moisture saturation 42 % Tan & / power factor @ 50 Hz 0.38 % /0.38 %
Bubbling inception temperature | 159.0 °C Tan & / power factor @ 60 Hz 0.37 % /037 %
Compens. of aging by-products | yes C (10 mHz) / C (50 Hz) 1.437

Qil conductivity 42 pSim Barriers (X) 19 %

Oil conductivity @ 20°C 4.2 pSim Spacers (Y) 40 %

Oil category good Polarization index 4.046

Max. stop frequency reached yes DAR 1512

Moisture categories Oil categories

dry <22% very good <3 pS/m

moderately wet 222%and<3.7% good 2 3 pS/m and < 20 pS/m
wet 237 %and <48 % satisfactory 2 20 pS/m and < 57 pS/im
extremely wet 248% unsatisfactory 2 57 pSim
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ALIEC

ALVAND TAVAN ENERGY CO

Chart (DissipationFactor [%)] / Frequency [Hz])

S35 olgF gl S



Transformer properties :

Serial - No:Unit Transformer Project :20/6.9-6.9kv-40000KVA

Customer :Shazand Power Plant
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ALVAND TAVAN ENERGY CO

HV out put vres C (Pf) Tgd(%) Measured Mode Tgd(%) at 20°C
(KV)
10 5265.34 0.247 C3 USTA 0.308375
10 5137.57 0.245 C5 USTB 0.305875
" 10 2030.72 0.216 C4 GSTg-A+B 0.26975
10 12433.40 0.241 C3+C5+C4 GST 0.301125

5 5266.94 0.246 C3 USTA 0.307375

5 588.39 1.380 Cc2 USTB 1.725
LvV1

5 3748.91 0.333 Co6 GSTg-A+B 0.41675

5 9601.6 0.350 C3+C2+C6 GST 0.4375

5 5139.27 0.244 c5 USTA 0.30475
‘ 5 588.37 1.385 c2 USTB 1.731625
LV2
5 3493.22 0.337 c1 GSTg-A+B 0.421125
5 9218.57 0.352 C1+C2+C5 GST 0.439875
Bushing 1U 10 _ _ C USTA _
Bushing 1V 10 _ _ C USTA _
Bushing 1W 10 _ _ C USTA _
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16l A, i b (g 05 o106l g LG o Lo

0.241= Tgd(%) s C3+C5+C4=12433.4 .5 3wl glis()

0.2= Tgd(%) 5 C3+C5+C4=12170 I 6l 5 gl

0.35= Tgd(%) s C3+C2+C6=9601.6 ()

0.34= Tgd(%) s C3+C2+C6=9200

0.352= Tgd(%) s C1+C2+C5=9218.57()
0.34=Tgo(%) s C1+C2+C5=8938
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OIP Bushing 420 kV
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ALVANRD TAVAN ENERGY CO
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1 Sinivg9 £l

OIP: Oil Impregnated Paper
RIP : Resin Impregnated Paper

RBP : Resin Banded Paper
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START 1913

RBP-production was

shut down at HSP in 1974.
Some manufacturers do still
hold on for this technology.

TRANSg
FORM&

SINCE 1950 SINCE 1960

The technology of resin and of oil
impregnated paper bushings at HSP
is established since more than 40 years
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Insulating paper, e.g. cable paper, dried under temperature
and vacuum and impregnated with insulating oil.

Advantages:

- No partial discharge during whole lifetime.

- Good ageing experiences.

- Lower production costs (compared with RIP)
Disadvantages:

- Needs complete housing.

- Core may drop into the transformer if housing is
damaged.

- Inflammable

- max. temperature 105" C
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£L£T=C

Creped insulating paper, dried under temperature and

vacuum, impregnated under vacuum with epoxy resin.

Advantages:

Disadvantages:

No partial discharge during whole lifetime.
Excellent ageing experience.

No housing for oil end necessary.
Secondary insulation: Dry material filler
operates with damaged housing temporarily

non-inflammable

max. temperature 120" C

higher production costs
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Test tap
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Minimum olil level

\ Oil paper insulation
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ATEC

) TAVAN ENERGY CO
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Bushing Diagnostic

Four methods to control
OIP bushings

during lifetime.




Bushing Diagnostic

1- Visual check
2- Thermovision
3- Dissolved Gas Analysis & oll measurement

4- Capacitance, Tan delta, PD




Bushing Diagnostic

Mandatory visual check
check of oll level or oil leakages
check of pollution on the porcelaine

Recommended Timing:

Every Year




Bushing Diagnostic

)

Visual Check (Evaluation)
Oil level in all 3 phases > min
No oil leakages




Bushing Diagnostic

Visual Check
Oil level below min
If any oil leakages detected

Should be investigated




Bushing Diagnostic

Thermovision: of top terminals

Recommended Timing:




0000000
Bushing Diagnostic

Thermo Vision (Evaluation)
temperature <= 70 °C
same picture on the 3 phases




0000000
Bushing Diagnostic

Thermo Vision (Evaluation)
Temperature >= 90 °C
1 phase much different

Improve connection




Bushing Diagnostic

DGA
Oi1l Measurement

Recommended Timing:
after special events




|
Dissolved Gas Analysis

Used to detect faults in oil filled equipment Sample of oil
taken, preferably In closed system and analysis by gas
chromatograph Detects CnHn CO and CO2

Particular gases produced by effects of discharge or heat
on oil or paper Guidance on Interpretation given by
IEC 61464 1998




-]
|EC 61464 1998

Guide for interpretation of DGA for
OIP bushings Defines
significant gases generated in bushings
significant concentrations of key gases

Advises

method of interpretation of analysis actions to be taken




Gases Generated

Most ‘fault’ gases produced at low concentrations
oy normal ageing

Hydrogen and CnHn produced by electrical activity

ncreasing energy/temperature, up to several
nundred °C, produces higher gas

(Hydrogen -Methane-Ethane-Ethylene-Acetylene)

Carbon Monoxide and Carbon Dioxide produced by
heated paper




I
Typical Faults in Bushings

Case Fault Gases Example
1 Partial discharge = Hydrogen (H2) Cavity, incomplete
(low energy) Methane (CH4) impregnation, high
moisture
2 Partial discharge  Ethylene (C2H4) Sparking in oil
(high energy) Acetylene (C2H2)
3 Transient Hydrogen (H2) Floating potential
discharge Acetylene (C2H2)
4 Thermal fault Methane (CH4) Overheating in oil
<150°C Ethane  (C2H6)
5 Thermal fault Carbon Monoxide (CO) Overheating in paper

>150°C Carbon Dioxide (CO2)




0000000
Bushing Diagnostic

DGA
H2 < 140 ppm
CO <1000 pp
CO2 <3400 pp
CH4 < 40pp
C2H6 < 70 pp

C2H4 < 30pp

C2H2 < 2 pp

= 3 3 3 3 3




Bushing Diagnostic

DGA
H2
CO
CO2
CH4
C2H6
C2H4
C2H2

> 1000 ppm

> 1500
> 5000
> /5
100

V V V

P
P
P
P

P
P
P
P

40 pp
10 pp

3 3 3 3 3 3

Contact Trench




0000000
Bushing Diagnostic

Oi1l measurement
on sample in laboratory

1- tan delta at 90°C IEC 250
2- breakdown voltage IEC 156
3- water content |IEC 814

Recommended Timing:

Every 10 Year




Water <+
content
Acidity «

DDF
GC
IFT &

&:\ﬁﬁc\gkﬁﬁ&u&uﬁ oo

&j)tsuw\

FDS

>.« s oolsb cws ™
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ALIEC

ALVAND TAVAN ENERGY CO

Table 6—C1 or C power factor and capacitance limits

C1 or C power factor and capacitance

Type of construction Power factor® Capacitance
Limit (%) Acceptable change ® Acceptable change (% )°

Col. 1 Col. 2 Col. 3 Col. 4
Oil-impregnated, paper-insulated (.50 +0.02/-0.04 1.0
Resin-impregnated, paper-insulated (.85 +).04 1.0
Resin-bonded, paper-insulated 2.00 +).08 1.0
Cast insulation 1.00 .04 1.0
Solid N/AY — —
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ALIEC

ALVAND TAVAN ENERGY CO

— 44 - 60137 © IEC:2008

Table 8 - Maximum values of tan § and tan §increase (see 9.1)

Maximum value of tand
Type of bushing insulation Value at Increase between
1,05 U,/ V3 1,05 Up ! V3 and Uy

Qil-impregnated paper 0,007 0.001
Resin-impregnated paper 0,007 0.001
Resin-bonded paper 0.015 0.004

Gas impregnated film 0.005 0,001

Gas 0,005 0.001

Cast or moulded resin 0.015 0.004
Combined

Other

Not applicable to bushings where ' < 36 kV.

b

The supplier shall indicate the values.
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Type RIP QIP RBP

Resin Oil :

Main insulation impregnated impregnated Resmabc;rr\ded
paper paper pap

DF tan 6 (RT) o) — o

(IEC 60137) <0.7% <0,7% <1,5%

PF cos ¢ (RT) " i .

IEEE C57.19.01 =080 <0,5% < 2%

Typical new values 0.3-0.4% * 0.2-0.4% * 0.5-0 6% *

PD (IEC 60137)

1 < 10pC < 10pC

1.5 Um/3 < B5cC < 5pC
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LTEC

Table 2. Correction factors for tan &

=

0
0
T

Correction to 20°C RIP

g
J
0
]
0
g
1]
0
J
-
0
N
o

v
.
N
S =00 0I0

23-27 A N g TR AT £ MG o oo e e s s

.28-32 A0 e S e ek ek et e et
33-37 :1.15 21,21

38-42 2O e 8 25
43-47 1.25 S1.33
28-52 :1.30 S1.37

5357 134 ivay
55-62 :1.35 “1.43

83-67 2 00, - AL Y gy

68-72 130 it42
73-77 :1.25 :1.30

f8-82 R T R S T R o N S L
83-87 1.10 1.20
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ALVAND TAVAN ENEROY CO

Example2:Transformer Spec.:63/20 kV, 30 MVA, YNd11

Problem: increase of Tgd with voltage variation at C3 (between HV and tank)
(Table 1)

HV out put Test voltage (kV) C (pf) (T-:F%EC) Mode Measured Connections
HV 10 7446 0.0014 USTA C2 input Ato LV

2 2742 0.0018

4 2745 0.0030
HV 8 2755 0.0053 GSTgA+B c3 input A to LV

10 2764 0.0076

12 2774 0.0098

Zanjan, Dated: 19.12.05

Investigation: measurement some oil parameters of main tank and OLTC according table 2.




O.L.T.C OIL

Tg5at90 ‘C | 0.38

B.D.V 75

(KV/2.5 mm)

Water

8.2
content (ppm)

O.L.T.C oil replaced with new aoll

And
Main Tank oil reconditioned
oLTC | Man
OIL tank
OIL
Tgd at 90
°C
B.D.V 31 79
(KV/2.5 mm)
Water 3.8 4.0
content (ppm)




Tgd

HV out put Test voltage (kV) C (pf) (T=4°C) Mode Measured Connections
HV 10 7457 0.0022 USTA Cc2 input A to LV

2 2728 0.0012

4 2728 0.0016

6 2728 0.0018
HV GSTgA+B c3 input Ato LV

8 2728 0.0019

10 2728 0.0019

12 2727 0.0020




Example3:Transformer Spec.: 132/33 kV, 90 MVA,

DF (V) H, HL, L

0.3%

0.25%

0.2%

0.15% — HL(V)
L(V)
0.1%
0.05%
0.0%
= = = = = = =
=] =] =] =] =] =] =]
o g g g g g g Chart Area
=3 [=] =1 [=] o =3
ol -t o () = o




DF (f) H, HL, L

0.35%

0.3%

—= H(f)
+ HL(f)

L(f)

0.2%

0.15%

0.1%

0.05%

0.0%

IHO0st

ZHO00F

IHO'05L

IHO00L

IHO'052

ZHO'00Z

IHO0S 1

ZHO'001

IHO'05

IHOO




Water in the Transformer

Most of the water is contained in the cellulose!
More important to measure the water content in paper than oil!




Determination of the Water Content in Paper
[Karl Fischer Titration and Equilibrium Curves]

« Curves are only valid for
new oil and new paper, for

W ater Content in the Paper

1 - . l T aged oil/paper different
o 20 °C // 30 °C // . // curves are necessary
soec | * Oil sampling is critical
: / (round robin tests)
fow- ——— « Balance between water
V 60 °C H content in the paper and in
/ 1 oil needs constant
" |
P temperatures over a long
L g0°c_| period
= — |
 Only average
— JE' measurement

0 10 20 30 40 50 60 70 [ppm] 90
Water Content in the Qil




Frequency Domain Spectroscopy (FDS)

{\?

® Guard

e

® Ground

Dissipation Factor tand

0,01 o

0,00« vvvims v cuviam i
0,01

0,1 |

Low

100 1000
Frequency [Hz]




PDC Analyse

Polarisation-Depolarisation-Current

supply

idepol(t)

Principle Current =i(t)




Combination of Time and Frequency Domain

. Combined measurement

100 1 « f>0.1Hzfrequency domain
2 5 « f<1Hztime domain
o ~§ e =2 22minfor1kHz-1mHz
5 O
o g « = 2:50hfor 1kHz-0.1 mHz
1 0.00
! Time [s] 100° 01 Frequency%lgg]o 14 Iy F 71000 E
1 @ - 12 7100 E
= 10- 10 o
Trans- 5 S g 11 ©
formation ks g ‘ | >
5 36 0.1 §
g 4- 1001 &
0.001 2 10,001
0.001 Frequency [Hz] 1000 0 -0,0001

FDS PDC DIRANA




Moisture Assessment

|’ " Morsture Assessment

Result:
Moisture content

Assessment by

IEC 60422

Observe fitting
|‘| left of the hump

Selected Measurement: 44°C (Donnerstag, 10, Janoar 20037

Display Mode: Tan & [logflog] -

Model Curve Parameters |M|
Geametry
Barrigrs (<] 14 % %
Spacers [T 14 % % [+
il
Temperature: |44 °C %
Conductivity: 13 p5/m % |__V-|
\ [ Erter Conductivity at Different Temp. ]
ey
&
Moigture: 16% % [v]
‘ b StartAsseszment ‘

— & ]

Measurementv Frequency Tanb Capacitahic &' ="
I 44°C A0 Hz 0002904 | FAE02nF 9915 | 2.8791..
I todel Cur Hz 0,00258 1.004 F 1,004 | 259315,

0.010 0100 1.000 10.000 i
F i i i i =
44°C ——t—— Model Curve —-8-8—
] 4 ] l Cancel ] [ Help




FDS: FREQUENCY Domain Test

Moisture Assessmont = ',_X_.‘
Selected Measirement: 44C (Donnerstag, 10, Januar 2003) Display Mode: Tan § [logflog] =
Model Curve Patameters | Advanced
. Measurerent Frequency Tanf _ Capacitanc: ¢ iz
Geometry 1 - 44C 50Hz 0002904 79502nF 99153 28791 I
caephl  eX SHERE [P SOH:  |0009W 10M9F 10038 | 2969,
Spacers Y} [14% 8 ¥
o
Temperaluee. M"C- ] Gl
Conductiviy.  [33p5/m 2

[ Entel Canductivity 3 Difesers Teap. |

Celudore i
Moisture: 1.5 33 &l 0
N I YT R
LN
— D005 §
P StartAsscssmont | 0012 2100 1000 0000 Heig0,000 VHz/l
1 | I | 1 4
44C b Model Cuve —a-m-8-

foo ok ) [ Concel || Heb |




FDS.: FREQUENCY Domain Test

qrhigh
9 1 moisture,
& aging of
pe Ligw | celluiose
S high
T 0,1 —>
» low
D
7))
a 8 <
2= high
S D g
o @
001158 ¢ 0
25 G2 '
0001 /E® : o : conductivity ¥ low

0.001 O,m 0;1 1 10 100 1000




Moisture categones

dry

= 2/2 %

moderately wet

2 22 % and < 3T %

wet

2 3T % and < 4/8 %

extremely wet

=418 %
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ALIEC

ALVAND TAVAN ENERGY CO

Swwo fawgd (5w S dwg g 3w s S

Name CHL Channel CH1

Moisture in cellulose 31 % Capacitance @ 50 Hz 4/730 nF
Moisture category moderately wet Capacitance @ 60 Hz 4/729 nF
Moisture saturation 13/8 % Tan & / power factor @ S0 Hz 0/40 % / 0/40 %
Bubbling inception temperature | 138 °C Tan & / power factor @ 60 Hz 0/38 % / 0/38 %
Compens. of aging by-products | yes C (10 mHz) / C (50 Hz) 1595

Oil conductivity 8/6 pSim Barriers (X) 12%

Oil conductivity @ 20°C 10/6 pS/m Spacers (Y) 34 %

QOil category good Polarization index 2/695

Max. stop frequency reached yes DAR 11291
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FRA Assessment
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tank wall




windTg y 4
C

§ tank wall
i

C

core i {C

C

—={ ¢




FRA Introduction

The frequency response analysis (FRA) has been proven
to be a powerful tool for the detection and diagnosis of
the active part of power transformers. In contrast to
traditional diagnostic methods , the FRA method Is able
to detect geometrical deformations in the windings
before the occurrence of a major or catastrophic failure
as illustrated in Fig.1, the FRA consists in applying a
frequency variable low-level sinusoidal signal “U” at one
end of a winding and from this point a reference signal
“U1” is measured.

Simultaneously the output or response signal at the
other end of the winding “U2” is computed.
Subsequently, the transfer function H(f) is computed. It
can be easily demonstrated that H(f) corresponds to the
expression (1). This means that the H(f) is only
dependent on the measurement of FRA instrument (Rm)
and on the impedance of the transformer (Ztra).

The most common way of representing the results is as
bode diagrams as showen in Fig.2. in the majority of the
cases only the plot of the magnitude is used for
interpretation purpose. Nevertheless , the plot of the
phase also provides valuable information. The magnitude
and the phase are coputed according to the equations (2)
and (3).

CMCJ' vF‘l\I"\‘ﬂ\l'}
T

Figure 1.

H J Rraf=5001 Uz I

RLC Matwork

Rm=500

4

Measurement se tup

Magnitude (dB)

Phase (9)

_'__*»A.MV ) L00w2T

Ho MY Ho K2

Ho M3

U,(f
Hp=24D_ R,

U.(f) - R +Z,

k=20log,,(U,/U,) (2)

=10

g=tan (LU,/1£LU,

(1)

y (3)

Figure 2.

Graphical representation of FRA results




Taking into account that a power transformer from the

electrical standpoint, is a complex network of

resistances, inductances and capacitances, the frequency
response of these elements are the foundations for the
understanding of the transformer response. The response
of a resistance is a straight line with a constant

attenuation along the frequency range. The response of

inductances and capacitances is governed by the
equations (4) and (3) respectively.
X, =awlL=27L 4
1 1
wC  2aC

(5)

If Z, =X, inequation (1), it can be said that as long

tra
as the frequency increases, H(I) decreases. This explains
the typical increase in the attenuation of an inductance as
va=Xcin(1), as
long as the frequency increases, the attenuation decreases
as depicted in Fig. 3(b).

illustrated in Fig. 3(a). In contrast, if Z
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Series and parallel resonances of RLC
networks




Bases of interpretation. understanding of the plots

Other aspect of major importance for the interpretation is
the concept of resonance. In an RLC network the
resonances are series or parallel resonances. Series
resonances are related to a maximal transfer of energy
between two systems, that is, to the minimal impedance
at a determined frequency. While a parallel resonance is
related to minimal transfer of energy between two
systems (maximal impedance). In the plot of the
amplitude, minimal impedances are seen as minimal
attenuations while maximal impedances as minimal
attenuations according to (1). In Fig. 3(c) and 3(d) the
responses of RLC networks connected in parallel and in
series are shown. The simulations were done using an
inductance of 50 mH. In conclusion, the maximal peaks
in the frequency response are created by series RLC
networks and the minimal peaks by parallel RLC
networks. However, it is worth to mention that in the
frequency response not all the maximal and minimal
peaks are resonances. The best way of recognizing
resonances is by taking a look at the plot of the phase.
When a resonance is present, the phase should be zero,
what means that the response is 100% resistive.

If now the physical components of the active part of a
transformer are associated to RLC elements, an
equivalent circuit as the one shown in Fig. 4 can be used
for a qualitative explanation of the frequency response of
a real transformer.

*R1: reslstance of the HY winding
«L1: leakage Inductancs of the HY winding

+Rz: reslstance of the LV winding

sLa: leakage Inductancs of the LV winding

+C81: gerles capachance of the HY windings

«Cs2: serles capachtance of the LV windings

*Cyi: paraliel capaciance of the HY windings with
respact o ground

Cyj2: paraliel capacitance of the LV windings with
respact 10 core

C12: capacitancs batwasn HY and LV windings

Figure 4. Physical components of the transformer
as RLC network




Bases of interpretation. understanding of the plots

The band B1 occurs normally between 20 Hz and 200 Hz
and here mainly it 1s present the inductive behavior of the
magnetizing inductance. In the band B2, between 200 Hz
and approximately 3 kHz the parallel capacitance Cg
highly influence the response. Between 3 kHz and 200
kHz the band B3 is defined for characterizing the
interaction between windings. This band is sensitive to
bulk winding deformations. The band B4, between 200
kHz and 1 MHz exhibits an accentuated capacitive
response caused by the series resonance Cs. This band is
sensitive to localized deformations in the windings.
Finally, the band B5 between 1 MHz and 2 MHz exhibits
an inductive behavior that is highly influenced by the
inductance of the internal leads of the transformer and by
the measurement setup.

T H T H T H T
1. 000e+002 1. 000e+003 1.0000+004 1.0005+005

., . . @

- 10
1, Magnetizing
inductance (Lm)

. / .
(®) ©)

setup and Iead@ .

Measurement

Series capacit

W
[#]
o

iCs)
T de Fgr?llel capacitance Itgrag:tion between
e windings

Figure 5. Relationship between the FRA plot of a
220 kV winding and the physical components of one
transformer

Table 1. Typical sub-bands in the FRA plots

Band | From | Til Dominant elements
|
Bl A B Lm
B2 B C | Lmand Ceg
B3 C D | L1, Cg, and mutual couplings
B4 D E | Cs
B3 E F | Internal leads




Case study: 200 MVA -245/15.75 KV- YNd11
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case study.: 30 MVA -63/20 KV- YNd11
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Table 2 — Rated withstand voltages for transformer windings with
highest voltage for equipment U,, < 170 kV —
Series | based on European practice

Highest voltage for Rated lightning Rated short duration
equipment U_ impulse withstand induced or separate source
voitage AC withstand voltage
KV r.m.s. KV r.m.s.
KV peak
20
3.6 \ 10
40
7.2 \ 20
60
12 28
75
17.5 38
95
24 x 50
125
—(’”—/‘ 185
36 70
170
52 250 95
60 280 115
72,5 325 140
380 150
100
450 185
123
550 230
145
650 275
170
750 325
NOTE Dotted lines may require additional phase-to-phase withstand tests to prove
that the required phase-to-phase withstand volitages are met.

Low-voltage windings with U,; = 1,1 kKV shall be tested with 3 kV separate source AC w e - -
voltage. ‘94 A.»g.“ u«f)m
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Transformer Characteristics

TRANSFORMER

0 8S. 17:1970

KVA [ 2000 | TYPE OF cooLmG
VOLTS (WO L0AD AT {u
NORMAL TAPPING ) LY. IMPEDANCE (NORMAL TAP)
AMPERES (AT Wy VECTOR GROUP SYMBOL
NORMAL TAPPING) L CORE & WIRDINGS
PRASES TOTAL MASS

DIAGRAM DRAWING ¥ FY?ZSIL | o
MAKER'S SERWAL ¥

| YEAR OF MANUFACTURE
QWRER'S ¥ ___1

LY Sibt

S/N: 84716

Project :20/0/4KV — 2000KVA

Vector Group: YNd11
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Gas Step 0 Step 1 Condition
...... 97/05/28 | IEEE C57.104

02 - 12347 -

N2 S 55391 -
CO2 - 933 CON.1
CcO= - 169 CON.1

- 278
CH4~ 79 CON.1
C2H2* 357 CON.4
C2H4* - 141 CON.3
C2H6* - 21 CON.1
T™DCG - 1045
Transf?x:mer ) 4
Condition
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ALT=C

.
— — Voltage (V) Measured Ratio
TAP Wy N Nom . 1U-IN o 1V-1N o 1W-1N o |AVe 'O/Error
(0]
Ratio 2u-2w (MA) 2v-2u (MmA) 2w-2v (mA)
3 20000 400 28.868 28.987 9.29 28.946 7.00 28.920 9.30 0.29
0=26 °
DC Rsistance measurement from HV side in Q : flux magnetic balance test :
TAP 1U-1V 1V-1wW 1W-1U 1U-1V 1V-1wW 1W-1U
3 2.00 2.00 1.97 226* 197 30
110 226* 114
DC Rsistance measurement from LV side inm Q : 31 194 225*
Tap 2u-2v 2v-2w 2w-2u
0.59 0.59 0.60
Vit (kv 2u-2v(v) | 2v-2w(v) 2w-2u(v)
HV:
11KV 272 208 210
lo(mA) 77.0 92.0 92.0

Insulation resistance measurement :

Resistance(GQ ) PI
Sysl Sys?2 Meas.kv
15sec. 60sec. R(60/15)
HV LV 5 4.3 5.0 1.16
HV Ground 5 54 6.0 1.12
LV Ground 0.5 >1
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ALVANTE TAMAN ENEROY CO

V.S IaD

_ Esemm ) ¢ USTA

. il

o l Vv N.A 10 50 7.4409 0.3960 0% GSTg-A-
LV 1 | | o0a433s

- HV N.A 10 50 12.5519 0.4335 C1+C2 GSTg-

A: Not application

ST : ungrounded specimen test.

STg - grounded specimen test

| :Capacitance between LV and Ground
:capacitance between LV and HV

“cCapacitance between HV and Ground

—

g i o

!

—_—
—

‘_ determination of capacitance capacitor bushings & measurment of dissipation factor

——

—_—

(tand) of the insulation system capacitances

According to IEC 60137 (2003) , clause 3.41.1

—

Temp: 25 'C

——

;:t"‘ INPUT A | INPUT B V"?:)' FHz) | cPh | Tan®)% c.x:‘"‘:'me Mode |Manufactured by:| Serial Numi

iU | testtap | NA 10 50 | 170.837 c USTA . s

v test tap N.A 10 50 175.415 c USTA : -

w test tap N.A 10 50 178.768 c USTA = -

;acitance of bushings B i s o335 :
NOIICIA | ZEISS
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18. MEASUREMENT OF DIELECTRIC LOSSES

The Standards now in force — IEC No. 36-2 Ed. VII
= 1977 or IEC 137 Ed. 1984 - state that the
w-paper bushings must have a tgd < 15.10

However PASSONI & VILLA bushings pass the
inner test only if a tgd << 10.10 E-3 is measured.
The measurement is performed in our Test Labo-
ratory by means of the following Schering bridge:
- TETTEX type 2801

at following voltages:

10 kV - 0,3 Uy - 0,6 Uy - 0,85 Uy

All yvalues ars shown in the test report.
Measurement at low voltage Is carried out to
have a reference value for checking measures on
transformer during the bushing life.

The bushing is tested by immerging the lower
part Into oll, feeding the HV terminal and con-
neoting the flange to the bridge, keeping the
former insulated from earth.
‘On the bushing mounted on the transformer the
T nent oan be performed by using the P.F.

NOKIA | ZEISS

18. MESURE DES PER

Les normes en vigueur -
- ou bien CEI 137 Ed. 1¢
traversées en papler res
ment du contrdle un tgd
Toutefols les traversées
sent le controle Interne 8
un tgd < 10.10 E-3.
Pendant le controls final
d'essal nous effectuons |
yen d'un pont de Scherl
- TETTEX type 2801
Les tensions auxquelles

10 kV - 0,3 Uy, - 0,6 Uy

Toutes les valeurs sont
verbal.
La mesure A la minesure
avoir une valeur de réfé
de contrdle sur le transfc
de la traversée.
La traversée est soumise
partie inférieure dans de
partie terminale de haute
pont la bride qui est maint
Sur la traversée montée s
adure peut étre effectu
F1g. 13) au moyen d'
aversée une tension
versés est conside
dst << 15.10 E-B.

ner la valeur du tgd dans
les Normes, il est nécéssa
versée & PASSONI & VIl
partie active avec une de

1 Calotte deo fermateurs
2 FElectrode de mesure ral
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Insulation resistance measurement :

Meas.kv

Ground

Ground

2 JS S gl i ol

Resistance(GQ )

15sec.

0.0526

0.0497

0.0545

R(60/15))
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HV LvV1 240

HV

Lv1

HV

Lv1

Lv2

I O S )
HV Lv1 7.51 8

HV

Lv1

HV

Lv1

Lv2

Lv2
Lv2
Ground
Ground

Ground

Lv2

Lv2

Ground

Ground

Ground

160

75

90

128

35

L B

508.21 1095.47

304.92 688.9
170.53
180.7
58.73

75.67

98/09/16:;&30)’0 )9‘0)’&&)‘;;30“'@&

5

4.03

0.99

0.3

0.004

10min.

15

4.67 9.67
2.83
0.08
0.22

0.004
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ALVAND TAVAN ENERGY CO
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Typical Failure Rate

N
o

Y]
o

Failure Rate %

(%]
o
|

Failure Rate after Revision

P

1 (s 11 16 21 26 31 36 41 46
Year in Operation
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AEEC

ALVAND TAVAN ENI'_RGY co

Serial - No : 217930 Project : 1000 KVA - 20:0.4 KV

Customer: Vector Group: Dyn5
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4259 166 5 |11 — 95 yurty 10030 0 sked /43 67 0K 5k —S3 oy ol 79055 1 yi9d

948 °C oC
110.0 *C
166.2 °C
1058 *C

66.7 °C

89.5 °C

60.9

N34°1'18.14" N34°1'18.14"

es1o19a4.050 N |8 £51019%4. 950 M
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AEEC

ALVAND TI\VAN ENERGY CO,

DC Resistance measurement from HV
sidein Q :

TAP 1U-1N 1V-1IN 1W-1N

\ ¥,¥ ¥, ¢ A\ 4
Y ¥,¥ ¥ ¥ ¥,¥f
\ f,v ¥y ¥f,¥
2v 31 ol gy g8 3

DC Rsistance measurement from LV side in m Q
(before) :

Tap 2u-2n 2v-2n 2w-2n

Y, \,0V ,4¥

flux magnetic balance test

1U-1V  1V-1IW 1W-1U

XYPY 149 Yo
VY Ry oy
¥ ¢ YAS  *YYY
2v B g g8 1wy

DC R M from LV side in m Q (after)

Tap 2u-2n 2v-2n 2w-2n

S35 olgF gl S



AL T TAMAN ENEROY O

39900 5 9hmdl 5 g (5l 3 aicko o9 3 b B (it




3900 598l Slasume

S/N: 18155033

Project :33/0.653KV -120MVA
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[

J I . I| ) _—d-" —
INISSOAN LS o tad INDOR 120000/36 ey el ds
120 MVA sy 53 < TO8Y V Tyt Y0y 33000 V ‘el 99
OFWF e 10% 1ol gr it dlagal DI TS
1996 e Al e V2 Dl ol
TAP NO | Jo caed UvV/U VWY L'W/W
ke HRT — Tl T (mA) e | = | S T (mA) s | = T | (mA) ke
1 50,54 S0,42 0.23 29.16 40,47 19.93 8748 50,26 0,54 2884
2 49,25 49.25 0 19.88 49.25 0 13.11 49.24 0.02 15.55
3 47.96 1.9 0,1 31,98 40,00 16,42 635 .71 0.53 27.52
4 46,74 46,78 0,02 1161 46,76 0.03 1436 46,74 0.01 19.99
5 45.52 48.41 0.28 .92 39.66 12.88 410 45,49 0.06 211
6 44.24 4425 0,04 24,10 44,26 0,07 15,84 44.24 0.02 21.92
7 43.03 42,87 0.35 38.18 39,17 8.97 2167 41,98 0.09 23.32
8 41.77 41,75 0.05 26,74 41,75 0,08 17.56 41.74 0.07 24.65
9 40.49 40,31 0.43 39.56 38.61 4.65 75.9% 40,49 0,01 25,78
10 39,24 39,25 0.04 29,78 39,25 0,03 16,61 39.24 0,01 27.41
1 38.02 37.99 0.06 31.56 37.98 0.09 20.78 37.99 0.09 29,16
12 36,75 36,75 0.01 33.61 36.76 0,03 2 36,74 0.01 3071
13 15,48 35,49 0.03 I5.86 31.27 s 97.59 3549 0,01 327
14 34.23 34,25 0.05 38.18 34.28 0,08 249 3.4 0.04 34,97
15 33 EANK 0.39 58.34 36,45 10,45 3843 3N 14 0.43 £7.76
16 31.76 31,75 0.03 44.2 31,76 0,01 28.41 3174 0,08 40,01
' 30,57 0,23 71.79 35,52 16,48 990 30,87 028 71,78
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No Load Current

Series?

—8—Series3
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¢+ Particle Content and water

| A HYUNDAI
HEAVY INDUSTRIES CO, LTD.
NUMBER OF PHASES 3][TYPE TL-1479 |
| COOLING CLASS ONAN/ONAF 1 /DNAF2 | [ FREQUENCY 50 Kz |
[ VECTOR GROUP oGl |[STANDARD IEC60076 |
[ALTITUDE ABOVE SEALEVEL: 2000M || TEMPERATURE RISECDIL/WINDING? 47/52/65°C |
Ui RATED RATED RATED CURRENT BIL — SIVL
POVER VOLTAGE (AT TAP NOUD> | WINDING/BUSHING | WINDING/ BUSHING
V| 190/250/315 MVA | 400 kV| 274/361/455 A | 1300/1550 KV | 1050/1175 kV
LV | 19072507315 MVA | 230£9X167/kV | 477/628/791 A | 95071050 KV | 7507850 KV
TV | 24/32/40 _MVA| 20 kV[ 693/924/1155 A 125/170 kv N/A_ KV
ZER SEQUENCE IMPEDANCE AT 75°C(31SMVA BASE) _|[ MAXIMUM SHORT CIRCUIT CURRENT RATING FOR 2SEC
HV-LV(LV SHORT CIRCUITED) 13056 %||  WINDING SN ASYM
HV-TV(LV OPEN CIRCUITED) 15276 4l KV 333 KA BISKA
LV-HV(HV SHORT CIRCULTED) 1665 4| LV 667 KA | 17.94 KA
L LV-TV(HV OPEN CIRCUITED) 13622 /% TV 406 KA | 109 KA
IMPEDANCE AT RATED VOLTAGE AND 75 °C & PRINCIPAL TAP] VEIGHT
HV-LV 7 CORESCOIL ASSEMBLY 128200 Kg
HV=TV % | 31SMVA BASE || TANK AND FITTINGS 109605 Kg
LV-TV % | "INSULATION DIL(ISS000LT) 137795 Kg
| SOUND LEVELCONAN/DONAF 2) 68.6/708 op ||.MAIN BODY TRANSPORTATION _ 191000 Kg
r - 1 TATAL WUEIRHT UISAMN Kn

400

™ TCMAND

I
2

4

g,

o D

\ % Impedance ot 757 7% princlpal tap 315MVA base

HV-LV 13232% 13271%
HV-TV 160.424% 1605507
LV-TV 1432287 1434597 ¢
TYPL D
/5 No\!ii AHWAT S?_f[]MA»l_@I!AR:’I‘ !
CLIENT |

WATERIAL * STAIMESS STEEL A
DINENSION - 0.6 X 400 X 300

NATURAL FACE, DARK LETTER AND LINE
STANDARD : 1ECA0076

THE BLANK SPACES WILL BE ENGRAVED
AFTER TESTING TRANSFORMER

—

20080151 TIF001-001 002

&

WINISTRY OF ENERGY

™

S35 ol Wl e



Results of the Internal Inspection

for Transformers at Khoy Substation
23~25 July, 2012
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Arcing marks on the inner surface
of bushing housing

Wooden support for transportation
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Page 1 of 3
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Viscosity Index

Density -Kg/m3

42'C  oeEss sles 15758 9 KV Sus WSS 5 o T
HrEBS ST IS 6.5 MVA  : _audl =38 Imp %
olfiuw s 3 5l /) Aasas g Tap #
WESS S ams Fmol 2007 =abe Jlu VSl UNIT A5  Jo=a
PER T
yras ara ar - bty S 2
TAYLANT sy gt AN tetesT Fot AsfaviT. S 2aT gl Fuasls ) ya Sl 2 AT (sl
Result Result
Test Current Previous Method Test Current Previous Method
AT ASA ATASIL AL A
Vis. @ 40°C - St ASTM D445 | 1horganic Chlorides — ASTM D878
Vis. @ 100°C - St ASTM D44s Inorganic Sulphates -mg/1 ASTM DE7S8

Copper Corrosion@ 100'C

ASTM D130

Refractive Index

Spesific Gravity @ 60/60'F

_ln!wl'.ci.l Tension -mN/m

ASTM D1218

ASTM D971

Pour Point - "C ASTM D97 Inhibitor (DBPC) -“ewt 1EC 60666
DDE @A C 1EC 60247
Sediment & Shadge -“awt 60422AnnexC Te 3 @90 °'C 0.3356
Resistivi o0 'C =
Flash Point (Closed) - 'C ASTM D93 RS ECEER A=
Permittivity g 2.13
TAN -mg KOH/g 0.03 ASTM D974 =
POCEB Content -mg/ 'AIGOO/ .
TAN -mg KOH/g ASTM DE64 o Ke 28109
Moisture -PPM 14 ASTM DG304 Class Determination 1EC 60296
Color ASTM D1500 || Corrosive Sulfur i
Breakdown Voltage -KV 63.2 ECE0158 Sulfur Content ASTM D4a294
Oxidation Stability —"C/hr £C e1125c || PaSSivator(TTAA BTA)mg/Kg IEC 60666
TAN -mg KOH/g
Studge -%awt. Appearance Visuat
DDF at 90 °C IEC 60247
Wiater Contents in 1 2
the Paper (%) curve Level (P.C) Code I1SO 4406
2-Furfural -mg/Kg 0.133 ECeion
SIS A (32D a2 sa) eSS sl S P
Degree of Polimerization []ec [ |rD Ecc
ATK-F5101300 rva FYAF  nssafas ax QAT : S 05.us

| www.alborztadbir.com AYU-AST 5 _SG AASIOITL-A oAU VOYTIVIENA & oy US £ S (o titege) s ax T JGlias) vimbe & St el £ DL




Measurement of insulation resistance of windings

R15 | R30 | RE0O RG00 Temp.
System DAR P V test e
4 (MO) | (M) | (M) | (MO) c)
HV/LY 71.0 | 870 | 981 1227 1 122 | 1.25 | Skv 35
HV/FramesE 68.9 73.6 75.8 78.0 1.03 1.03 5 kv 35
LV/Frama+E 651 73.8 82.4 114 .3 1.12 1.39 5 kv 35
Measurement of valtage ratio
TAP K UV/uv K VW/vw K Wu/wu
1 2,402 2.403 2.402
2 2.341 2.341 }“_._340
3 2.292 2.291 2.289
4 2.231 2.232 2.225
5 2.176 2.177 2.174
Measurement OF windings resistance
Terminals measured (mK2)
Tap At Temp.:35 (°C)
u-v V-wW w-u
1 173 174 173
2 170 170 171
3 167 167 168
4 164 165 165
5 163 162 : 161
Terminals measured (m£2)
At Temp.:35 ("C)
Low Voltage an daffic .5
| 13.66 13.65 132.69
{
: APPROVED BY: PAGE NO:

TEST BY: . \~




T PrestRms TR T6p it [ Frequency

6.92297 kV 11.7572 mA 5.39486 nF 50.0281 Hz

s

o e ey
BaF? T R et
6,19731 mA 217654 nF

% | 908k 99284 e

[Mime o ftan COYRMS - T rest RS aan-8 o LG | Frequemcy’
: : ‘ a0 e TSR0

18:39:28 ¢ 9.0926 kV 21.623 mA 7.56853 nF 499388 Hz




‘zanso
(#2070

[t is 7 ronag T

L@20°C .
4.76615 nf

tan-8 4 likp
®20°C

10,1601 nF

| “Fraquency T




Name

CHL

Channel

CH1

Moisture in cellulose |4.3 %

Capacitance @ 50 Hz

5418 nF

Moisture category wet Capacitance @ 60 Hz 5.409 nF
Moisture saturation 28.5% Tan & / power factor @ 50 Hz 6.26% / 6.26%
Bubbling inception temperature  |121.0°C Tan & / power factor @ 60 Hz 5.38% / 5.38%
Compens, of aging by-products  Jyes C (10 mHz)/ C (50 Hz) 39.414

Oil conductivity I292.4 pS/m Barriers (X) 12%

Qil conductivity @ 20°C 80.5 pSim Spacers (Y) 10 %

Qil category Polarization index

Max. stop frequency reached DAR 1.168
Moisture categories Oil categories

dry <2.2% very good <3 pSim I
moderately wet 222%and <3.7% good 2 3 pS/m and < 20 pS/m

wet 23.7% and <4.8% satisfactory 2 20 pSim and < 57 pS/m
extremely wet 2 4.8% unsatisfactory 2 57 pSim
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Chart (Dissipationfactor [%] / Frequency [Hz])
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Protective relay
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Test button Test button OFF

IN SERVICE

i
>

Lo

=

.
2

@

Cover open

Q9

KHW 853-4

Protection type: |IF 54

Relay drive:
Flap valve with aperture

Response threshold:
T2mis type AV, H M
J0m/s type EM, R, T,

S M.
G

Qil flow speed on response (20°C):
1.2+x02mis
30+x06mis
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Gas accumulation in protective relay
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Pressure relief valve

T bar: (eos)mis 8 s missle ol fie
3 bar ) s Siea sla (il yie
.83 bar : <8 sl Gl yie

1.38 bar :On load sl alSe




Operating pressure

dpsi: 0.280bar [28kPa)
Epsi: 0.35bar [35kPa)
Gpsi; 0.4 bar [41kPa)
Bpsi: 0.55bar [55kPa)
10psi; 0.690ar [G2kFa)
12psiz 0.83bar [83kFa)
15psi; 1.03bar (103kPa)
20psi; 1.38bar (138kPa)
2 5psi; 1.72bar (172kFa)
30psi; 2.07bar (207kPa)
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Pressure relief valve







Pressure relief valve have operated
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Oil Thermometer

Alarm
Off fan «—
On Tri
fan P
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Oil temperature
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OiIl Thermometer

Alarm
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Winding thermometer

I
len
X

1 il filled pocket

2 Capillary tubing

3. Heating element

4. Current transformer C. T,
5. Matching unit

6. Matching resistance




Mox. ombient temperoture °CIE Installation altitudem| 1250 |

HV-Side

Change over| Top selector >
Selector Contoc!s " Connection
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Winding temperature:0-160 °C

Oil temperature:-20-140 °C




Oil Level

Oil level without contact







Alarm

Oil level of transformer in 20 °C

Alarm
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Air bag with related oil indicator i
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Silica gel air breather

Scope
The function of the breather is to keep free from moisture the air, which is sucked into the
conservator by temperature changes in oil-filled transformers. The device is filled with a highly
effective damp absorbing substance, silica gel, which has the capacity to absorb water to approx.
20% of its own weight. Silicagel in the active state is orange, but as it becomes saturated with

moisture it becomes neutral. Saturated gel can be used again after reactivation.

Construction and mode of operation

The construction of the breather is shown in Fig. 1. The flange 1 is for connection to the tube
from the expansion chamber. The silicagel container consists of a polycarbonate cylinder 2, the
cover 3 and the end piece 4, the parts being held together by the bolt 5. The air is sucked in

through holes in the end piece and continues through the oil and up through the silicagel as
shown by the arrows in figure 1
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Non Return Valve

The function of the non return valve Is to quickly & effectively isolate the head tank
from the transformer as soon as it detects abnormal oll flow (typically caused by
rupture, lightning strikes, efc...)




Buchholz relay installation

0| O

3 1 Shutoff valve 2 S

Figure 1
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Alarm Function : Gas accumulation




Trip Function : insulation liquid loss due to leakage
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Trip Function . insulation liquid flow
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Figure 1A : casing with
flange connection

Figure 1B : casing with
thread connecbon




nominal diameter {DH} 25mm
nominal diameter (DN) 50 mm

nominal diameter (DN) 80 mm

(Gas accumulation

1.00 mis + 15%
1.00 mis + 15%
1.00 m/s + 15% or

1.90 mis + 15% or
200 mis + 15%

200 cm® to 300 cm®




Power <5 MVA :DR25

SMVA<Power <10 MVA :DR50

Power >10 MVA :DR80
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Switchgear of a double-float
Buchholz relay:

upper float (1)

lower float (1a)

permanent magnet for upper float (2)
permanent magnet for lower float (2a)
one or two magnet contact tubes for
upper switching system (3)

one or two magnet contact tubes for 1
lower switching system (3a)
frame (4) 5 ' 2
mechanical testing device (5)
damper (6)
3
The damper is hold by permanent magnets and acts
on the lower switching system. 6 3a
, /
4 g 1a
e
2a

Figure 3B : Switchgear of a double-float
Buchholz relay




o> 9 A 5 slelluwo 55

Cover (Figure 2)

The cover is a weather-resistant casting
of light alloy and is provided with a paint
coal. Terminal box (1}, test valve (2) and
test key, covered by a cap nut (3) as well
9 as a plate for operation of the test key (4)
are arranged above the cover. The
terminal box has an earthing contact (5)
and at most eight electrical connectors
{6). By the number of these connectors
1 the design of the switching systems
concerning kind and quantity of the
magnet contact lubes is determined. The
aluminium cap (7) seals the terminal box.
If the cap is opened the contact setting
(8) can be seen.
The cable may be optionally brought in
4 through one of both cable glands (9).

Figure 2 : cover with dismantied cap
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5.1.2. Double-float Buchholz relay (Figure 6a)
{ H—I

Proceed as follows:

« Remove the large cap nut (1), N
» Press the test button (2) down to position 1 and keep N 5
depressed. :
(check of upper switching system — warning) —‘ di p Posttlen 1
» Obtain verification of correct function from the “ qif Peslilen 2

control room.

» Press the test button down to position £ (stop position) and
keep depressed.
(check of lower switching system — shutdown)

_g:m

Figure &a

o Obtain venfication of correct function from the control room.

+ Release the test button.
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