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And
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SHERKATE SAHAMI AAM

rle golew =50

IRAN-TRANSFO g 133 3101

Type | TSUN5346 | No.|

Rated power kVA Kind

| 34850 || |
Rated voltage V| 33000 || 400 |
[ 31350 || |
Roted current A| 3.5 || 288.7 |

Impedance wvolage
Coeling method

[ % shor
Max, short circult duration s I:I

Year | | [IEC76/VDEDS532|
Frequency Hz
Kind of service
Vector group
Sy=. highest voltage

Insulation class

ka1

clrcult current

Mass of core & windingt | 0.750 | Max. ambient temperature *C EI

Total weight

t] 1.520 | Sea lavel altliude

Ol weight t [ 0.400 ] oil IEC 60296 class [ I ]
2N ©
|—— —L—cﬂ u
6 5 4 3 2 1 2U o
m—lotw | 2w o
Off cireuit tap change
Cautionl: tapping is permissible only in off circuit
HY side LY side
Tap changer
Pos. Conneations Vohage |Connection Voltage | Connectlon
; 3 — 4 T4650 -
4 - 2 33825 2V
3 2 — 5 33000 /\ 400 2N D>—2W
4 5 —1 32175 | 1u 1w 20
5 1 -8 31350
MADE IN IRAM
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ALVAND TAVAN ENERGY CO.

HV side
Pos. Tap chan_ger Voltage
connotations
1 3-4 21000
2 4 -2 20500
3 2-5 20000
4 5-1 19500
6 5 4 3 2 |
5 1-6 19000
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Dyn5 : Jlga g =L

Tap Primary Volt. | Secondary Volt. TTR
1 21000 400 90.932
2 20500 400 88.767
3 20000 400 86.603
4 19500 400 84.437
5 19000 400 82.272

52.5

51.25

50

48.75

47.5




Tap : 3

Vout = 385

Tap3 / TTR =50

Vin = 375%50 = 18750
Tap =3

Vout = 18750/47.5=395

Tap : 3

Vout =415

Tap3 / TTR =50

Vin = 415%50=20750
Tap1=20750/52.5=395
Tap2=20750/51.25 = 405




Purpose of tap-changers - to keep a constant voltage out from the transformer

d e
I .
Us ¢ g a U,
d d
Tl q
N1 N2
Uj
U, ‘N 5
2 Ny
U = voltage

N = winding turns




Characteristic properties of OLTC

M I 600Y =123/B =10 19 IW

Type J

Number of pole

Max rated through current «<——
And connection type

Highest voltage of equipment <

Tap selector size ~<—

Basic connection diagram <———
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Tap selactor pitch

10
12
14
1&
14

without change-
ovar selaector

19

Fax.

rid-position(s)

w20

oparating positions

10
12
14
16
18

with change-owver

salaector
(n L= 19
11 25
13 27
15 a1
17 as

Change-over selactor

= W
Coarsa Rewvaersing
tap selactor switch
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Types of Switching

I I I A. Linear Switching

— Not very common (~20%)
— Simple design trafo & oltc
— Smallest regulating range

B — Smallest losses
Coarse
e B. Plus/Minus Switching
I ;LCL — Most common (~70%)
o K 9 — Additive (+) & subtractive (-)
—o o —o — Change Over Selector
—0 —0 —0
s ° T — C. Coarse/Fine Switching
i —O 0) —O —O o
g o iy A — Least common (~10%)
3| o switch | = | F—o o — Coarse winding insertion
| o o —o — Change Over Selector
—O —© —© — Small losses
O O O

O









Change Over




Change Over (58 § 41,9 0g2%










TAP 1U-1V 1V-1W 1W-1U
1 1411 139.6 140.1
2 137.8 137.5 138.2
3 135.2 135.4 136.0
4 134.0 133.2 134.2
5 132.6 131.2 132.1
6 130.1 129.3 130.0
7 128.5 127.0 128.1
8 127.0 125.2 126.0
9 124.8 123.1 124.2
10 123.0 121.2 122.3
11 121.4 119.1 120.2
12 119.0 117.0 118.0
13 117.2 115.0 116.0
14 115.2 113.1 114.2
15 113.1 111.2 112.0
16 111.2 109.0 110.0
17 109.0 107.1 108.3




Dc Resistance Diagram

160.0
140.0
120.0
100.0

80.0

60.0

DC Resistanse Value

40.0

20.0

0.0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Series1 141.1 137.8 135.2 134.0 132.6 130.1 128.5 127.0 124.8 123.0 121.4 119.0 117.2115.2113.1 111.2 109.0
—@— Series2 139.6 137.5135.4 133.2131.2129.3 127.0 125.2 123.1 121.2119.1 117.0 115.0 113.1 111.2 109.0 107 .1
Series3 140.1 138.2 136.0 134.2 132.1 130.0 128.1 126.0 124.2 122.3 120.2 118.0 116.0 114.2112.0 110.0 108.3
Tap number

Series1 ==@==Series2 Series3




Serial - No:7841047
Project :230/132/20KV-
S8OMVA

OLTC/10 19 1W




2u-N 2v-N 2w-N
0.6790 0.6810 0.6790
0.6699 0.6710 0.6700
0.6644 0.6610 0.6620
0.6580 0.6540 0.6560
0.6500 0.6440 0.6500
0.6450 0.6350 0.6430
0.6400 0.6290 0.6350
0.6310 0.6200 0.6290
0.6250 0.6150 0.6200
0.6200 0.6100 0.6120
0.6260 0.6160 0.6200
0.6300 0.6220 0.6300
0.6380 0.6300 0.6350
0.6430 0.6340 0.6420
0.6520 0.6430 0.6510
0.6609 0.6530 0.6570
0.6690 0.6600 0.6649
0.6756 0.6690 0.6735
0.6800 0.6800 0.6800




DC Resistance
0.7000

0.6800 \
0.6600
0.6400
0.6200
0.6000
0.5800

0.5600
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Series1 ==@==Series2 Series3
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Currentis interrupted
Mustnot happen!




One loop of the
regulating winding is
short-circuited

Must not happen!
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Transition Resistors




Transition Resistor
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Transition Resistors




OLTC Types

=Resistor type
=Reactance type
=Electronic types
=Others




=Reactance type
1s mainly used in ANSI-standard countries,
most often to regulate on the LV side of the transformer.




sElectronic types
belongs to the future

~ HMK7 CONTROLI




= Resistor types
most common today.
Can be diverter switch type or selector switch type




" Diverter switch type
consists of separate diverter switch and tap selector

" Selector switch type
consists of a combined diverter switch and

tap selector unit




Selector switch type
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Mitsubishi s OLTC Oi1l Compartment
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]
MR OLTC / Type : V







-]
3Phase ABB OLTC




Tap Selector And Oi1l Compartment




Function Principle

Tap selector

Diverter switch

L
]
i |

Selector switch Diverter switch and tap selector




Basic connections of tap winding

a) linear tap winding  b) tap winding with change-over switch c) with coarse tap selector




OLTC in star-connected windings I




[ ! ! [ [ [ [
1 J 11 (1 1 =y : 11 | [ — |_: i?
| I | < I I I I I N
1 ] ) I 1 I | ! | I
I I I 7, | [ | ! I 7
} ; N | N : |

[ ] | ] L
g o o o y t ya
R e i EeF |
J’! ﬁ-’"!..-"
I ! I
| 1
a) 3-poliger Stufenschalter b) 2-poliger + 1-paliger ¢) 3-poliger Stufenschalter
am Wicklungseingang Stufenschalter in der Wicklungsmitte
am Wicklungseingang

Principle circuits of OLTCs in delta-connection



]
On-Load Tap-Changers Typ M and R

A Tap-Changer

-Selector

R % R Diverter switch
-Insert
»\ :

Operation principle

Tap-Changer

-Selector
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Switching principle of diverter switch insert

=
-

Load current I

) il—\:\‘ Circulating current I
. %0 — L [p)\ o [? ‘[i]/r
| f T

Bl

L o

25;|
E o— 1~
i




-]
Switching sequence Type M

MCa 7 MSCa TCa TCb MSC MCb\

TCa

=
MCa I |
MSCa ' :
— |
|

TCb

|
MSCb I

|
MCb ! !

1 1

1

2




-]
Switching sequence Type M

MCa‘ MSCa TCa TCb MSC MCb\

TCa

TCb
_‘_"-/’- MSCb

MCb

—
MCa |
MSCa I
|
I
|
]
1

,Kmal.Beshkar july2013



-]
Switching sequence Type M

MCa‘ MSCa TCa ’-TCb MSC MCb\

TCb
MSCb

MCa |
MSCa '
TCa

2

MCb




-]
Switching sequence Type M

MCa

MSCa

TCa

TCb

W,

MSC

2\

MCa
MSCa
TCa

TCb
MSCb

MCb




-]
Switching sequence Type M

MCa MSCa‘ TCa ’. TCb I’- MSC MCb\

Diverter switch mid-position: MCa I I

MSCa ' :

circulating curent Ic determined by step voltage and transition resistor TCa ﬂ
TCb

MSCb

]
I

load current split up in ,old* and ,new" tap MCb : I
; ;




-]
Switching sequence Type M

MCa

MSCa

TCa

TCb

S,

MCa
MSCa
TCa

TCb
MSCb

MCb




-]
Switching sequence Type M

Co Nk r-\

MCa MSCa TCa TCb MSCb

MCa

MSCa

—
T AI—

TCb
MSCb

S,

MCb




-]
Switching sequence Type M

MCa MSCa TCa TCb MSCb MCb

MCa
MSCa

—
oL —

TCb

S,

—
|
|
|
|
. I
MSCb I
|
MCb I I
1 1
1 1




-]
Switching sequence Type M

MCa MSCa TCa TCb MSCb MCb

MCa

MSCa

—
oL —

TCb

. I
MSCb I

|
MCb I I

1 1

1

S,




]
On-Load Tap-Changer Typ V

switching principle example for in-tank design




]
Switching Principle

a) b) c)

— o, —c
- Bc=r g
« 4 R I 1
d) e)




-]
Switching sequence Type V
b

B

transition contact a1

transition contact b1

main switching contact a/b

al
b1
- a/b

a—




Switching sequence Type V
b

—




-]
Switching sequence Type V
b




Ib

Switching sequence Type V

V

==

vl
N

a—

al
b1
a/b




Switching sequence Type V




Switching sequence Type V

b

al

b1
a/b

-




Switching sequence Type V

Ib

[

—




Switching sequence Type V

N

Ib




Switching sequence Type V
b

[

5

,Kmal.Beshkar july2013



Switching sequence Type V
b

[




Switching sequence Type V

Ib




—

a/b

Switching sequence Type V

Ib

20 30 40 50

10




Switching sequence Type V
b

[




-]
On- Load Tap-changer VACUTAP® VV

VACUTAP® VV 250/400/600A



2002 VV_Schaltablauf_en.ppt

-]
VACUTAP® VV Switching sequence




VACUTAP® VV Switching sequence

N |
SKMQQ s

(psxv HKV
|

1-2 Fixed contacts

MTS Tap selector contacts, main path

MSV Main switching contacts (vacuum interrupter), main path
TTS Tap selector contacts, transition path

TTV Transition contacts (vacuum interrupter), transition path
STC Sliding take-off contacts

R Transition resistor




VACUTAP® VV Switching sequence

: m+1

/////9/ -
Mrs A8

..... i M
TTS
R

1
msv(1)  (Drrv ol —

i } STC
% i ) <

ca. 140 ms




VACUTAP® VV Switching sequence

2

m m-+1
. @
1 2
% MTS /%9 ....... A ? W
R

§ STC
£ i } i i

MTS

MSV

TTS

TTV




VACUTAP® VV Switching sequence

3

m m+1

1 2
B::::;..MTS %9 ) ? m
R

msv()  (Mrrv

2 }STC
iz 7 s %

MTS

MSV

TTS

TTV

l  ca. 50 ms |

ca. 140 ms




VACUTAP® VV Switching sequence

4

m

m+1

i,

i

1

b

msv(1) (3

TTS

R

o

TTV

STC

2

£z

s

i

MTS

MSV

TTS

TTV

ca. 140 ms




VACUTAP® VV Switching sequence

()

m m+1
e ]2
: MTSQ§1 ?TTS
i
M&i) @ TTV
STC

B2

e

MTS

MSV

TTS

TTV

ca. 140 ms




VACUTAP® VV Switching sequence

O

7 Tl
1 2
- [4»’? TTS ....... )

R

STC
B & xi;ﬁﬁ“ )

MTS

MSV

TTS

TTV

ca. 140 ms




VACUTAP® VV Switching sequence

9

1 2
TS A ?TTSJ
R

£
e,

% I

MTS

MSV

TTS

TTV

ca. 140 ms




VACUTAP® VV Switching sequence

m m+1

00000
W £z . A
MTS l,_(? ?TTS
R
N
msv(d  (Drry i —
o b




VACUTAP® VV Switching sequence

(9

D
1 2

R
msv(l) (Dt | —
TS |
TV -(1)—\—,
£ e
Bz S S S <<




]
On-Load Tap-Changer VACUTAP® VR
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- _______000_0__1]
Inspection for OLTC type V

On-load tap changer Water content Dielectric strength
VII200Y,VIII350Y, VIII500Y < 40 ppm >30 KV/2.5mm

V 111200 D, V 11l 350 D, V 111 500 D < 30 ppm >40 KV/2.5mm
V1200,V I350,V1700 <30 ppm >40 KV/2.5mm

Table 1 guide values for monitoring the tap changer oil




- _______000_0__1]
Inspection for OLTC type V

On-load tap changer Transformer

rated current

number of tap changers operations
with MR oil filter unit with MR oil filter unit

V111200, VI111200D,VI200 upto100A

V11250, VI11250D up to 250 A
VIII1350Y,VIII1350D,VI1350 upto200A
V11400, V 111400 D up to 400 A
V11 500, V 111 500 D up to 350 A
V1700 up to 350 A

Table I

Inspection intervals

100 000 150 000
70 000 140 000
100 000 150 000
70 000 140 000
100 000 150 000
100 000 150 000




- _______000_0__1]
Inspection for OLTC type V

If the number of operations indicated in table II has not been reached an inspection is to be carried out
after the following number of years:

On-load tap changer type: VIII200Y,VIII 350 Y, VIII 500 Y

First inspection: 6-7 years

Further inspections: 6-7 years with or without MR oil filter unit

On-load tap changer type: VI 200 D, VIII 250 D, V 111 350D, V 111 400 D, V 111 500 D,
V1200,VI350,V1700

Arrangement of the on-load taps changer at the line end of the delta winding or autotransformers

First inspection: 2 years

Further inspections: 4years with or without MR oil filter unit / 6-7 years with MR oil filter unit

Arrangement of the on-load taps changer in the middle of the delta winding
First inspection: 2 years
Further inspections: 6-7 years with or without MR oil filter unit




-]
VIII200Y




VIII350Y




Inspection for OLTC type MS and M

On-load tap changer Water content”) Dielectric strength**)
MS il 300, M lll 350, < 40 ppm > 30 KV/2.5 mm
M1l 500, M 1600

MS 1301, MI351...MI1800 < 30 ppm > 40 kV/2.5 mm
MS 11 302, M1 352 ... M Il 602 < 30 ppm > 40 kV/2.5 mm

Table 1 guide values for monitoring the tap changer oil




- ___0_0_00000__"]
Inspection for OLTC type MS and M

On-load Transformer Number of tap change operations®)
tap changer rated current without oil filter with il filter
MS il 300 upto 300A 100,000 150,000
M 111 350 upto 350 A 100,000 150,000
M 1l 500 upto 350 A 100,000 150,000
upto 500 A 80,000 150,000
M 111 600 upto 350 A 100,000 150,000
upto 600 A 80,000 150,000
MS1301/MS 11302 upto 300A 100,000 150,000
MI1351/MII 352 upto 350 A 100,000 150,000
M 1501 /M H 502 upto 500A 100,000 150,000
M1601/MIl 602 upto 600 A 100,000 150,000
M 1802 upto 500A 100,000 150,000
upto B00A 80,000 150,000
M11200 upto 800 A 80,000 150,000
up to 1200 A 70,000 140,000
M 11500 upto 1200 A 70,000 140,000
up to 1500 A 60,000 120,000
M 11800 up to 1500 A 60,000 120,000
up to 1800 A 50,000 100,000

Table Il  Inspection intervals




- ___0_0_00000__"]
Inspection for OLTC type MS and M

Regardless of the number of tap change operations listed in tablell, inspection
must be carried out after 6 to 7 years.

In case of on-load tap changers with insulation to ground according to

U 2 245 kV (autotransformer or regulation at the line-end of the transformer
winding), the first inspection must be performed after 20,000 switching opera-
tions or after 2 years of service respectively, whichever comes first.

Further inspections are required every 4 years,




M 111 500 Y




MS [I1 350 Y




Time to steady state depend on the degree of saturation




Pressure relief valve




Protective relay

Test button
IM SERVICE

Test button OFF

Cover open

KHW 853-4

Protection type: IP 54

Relay drive:
Flap valve with aperture

Response threshold:
T12mis type AV, H M5, M,
J0m/s type RM, R T G

Qil flow speed on response (20°C):
12+x02mis
30+x06m/s




Protective relay




Protective relay




Gas accumulation in protective relay




Ventilation screw




Ventilation Screw
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Serial - No. :'T300213

Project :63/21KV-20MVA

S3AT O el <555



ALT=C

TAP  1U-IN 1V - 1N 1W - 1N
1 550.3 556.4 552.5
2 539.8 541.1 539.7
3 529.5 536.4 533.2
4 524.6 525.9 510.1
5 519.1 516.3 486.6
6 509.2 492.8 487.7
7 493.2 489.6 489.2
8 485.8 471.5 458.1
9 464.9 450.5 459.1
10 434.7 428.7 429.5
1 480.8 467.5 478.8
12 447.1 459.8 465.4
13 448.3 458.5 457.4
14 441.3 441.9 434.0
15 434.0 439.4 417.6
16 418.1 412.3 416.8
17 411.0 407.2 413.3
18 402.7 387.1 384.5
19 379.9 371.0 384.8
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TAP 1U -IN 1V - 1N 1W - 1N
1 539.0 558.8 561.1
2 526.3 530.7 537.3
3 505.1 530.5 517.3
4 502.8 525.2 505.9
5 504.5 509.2 492.7
6 485.3 486.7 477.6
7 472.3 478.1 479.0
8 471.8 471.3 456.5
9 462.0 454.8 449.7
10 425.3 431.8 431.7
11 481.8 479.6 481.7
12 453.3 465.6 447.6
13 434.7 460.6 438.5
14 439.1 456.2 431.0
15 427.6 438.6 418.0
16 410.3 418.1 401.4
17 397.1 407.1 401.4
18 392.2 402.4 382.6
19 383.0 387.0 376.4
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TAP 1U -1N 1V -1N 1W - 1N
1 512.0 514.1 515.7
2 501.1 503.7 504.2
3 491.6 494.6 494.9
4 480.8 484.1 483.7
5 471.0 474.3 473.8
6 460.7 464.0 463.6
7 451.0 453.8 453.9
8 441.0 444 .0 443.9
g 430.0 432.4 431.3
10 421.2 421.7 422.9
11 430.0 434.0 432.1
12 413.5 421.5 422.4
13 403.4 412.7 413.8
14 393.2 401.5 401.9
15 383.0 391.8 391.7
16 373.1 381.1 381.9
17 362.8 371.4 372.1
18 353.3 360.8 362.2
19 341.9 349.2 349.4
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