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List of Items for

Power Transformer

230/ 132 /33(20) KV

LI I I NI A A Y MVA

43

Description

Cooling
System

Enviro-
ment

Pollut-
tion

No. &
Unit

1- Three windings or auto two windings ,
three phase Tr. as specified 1in the
technical spec. and schedules
as well as all attachments including
Kiosk for supply & control of
cooling system and all complementary
items for proper and safe operation.

2- Voltage control system including AVR
acc. to the spec. & schedules as well
as all attachments with complementary
items for proper and safe operation.

3- Expending materials necessary for
erection and commissioning as
described in the technical spec.

4- Special tools for erection such as :

L R R I R R A R I R R S R Y S B B AR N N Y

L I I I T S I I O A R R R R I N R S A A Y

5- Spare parts for ...... units of Tr.:

1) Gaskets and sealing materials

2) Bushings for various voltages

3) Radiator with valve

4) Winding thermometer

5) 0il thermometer

6) Voltage regulator motor

7) Spare parts for voltage regulator
8) Gas detector relay

9) 0il level indicator

LR N Y

e 80 00

ceessUnit

verese Set

veeees Set

o 8080

“ s e s b

DR R Y

" 80 s e

LR R Y Y

s 88 00

s 000

Set
Set
Unit
Unit
Unit
Unit
Set
Unit
Unit
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12. Min. Cross sectional area of conductor

for each windings:

1) HV winding -==——---eceemm e mm?
2) LV winding ==-—-=-—meeemmm e mm?
3) Tapped winding—---==--—e—cecmeca— mm®
4) TV winding =--—-——-—=c-cmcmm e mm?

13. Min. Cross sectional area of insulated conductor for :

1) HV winding =====-eecmcmm e mm®
2) LV winding —==—-=-—=cmcmm e mm?
3) Tapped winding-=-=-==c-meeeamme mm®
4) TV winding —--==-—ceemmmm e mm®




11. Fault current & Mechanical forces &

Stresses (short circuit on one winding

while supplied through both other windings).

11.

1

Maximum fault current in windings
on which mechanical stresses

are based. .

11.1.1. HV WINDING

i) Symmetrical component current -------- rms

ii) Asymmetrical crest current ---------- Amp

11.1.2. LV WINDING

i) Symmetrical component current -------- rms

ii) Asymmetrical crest current ---------- Amp

11.1.3. TAPPED WINDING

i) Symmetrical component current -------- rms

ii) Asymmetrical crest current ---------- Amp

11.1.4. TV. WINDING

11.

11.

2

3

i) Symmetrical component current -------- rms

ii) Asymmetrical crest current ---------- Amp

Maximum fault current on which
mechanical stresses are based
for OLTC (main+arcing contacts)
1) Symmetrical short circuit current ---- rms

2) Asymmetrical crest current ----------- Amp

Maximum fault current on which

mechanical stresses are

based for leads to OLTC are:

a) Symmetrical short current ------------ rms

b) Asymmetrical crest current ----------- Amp

41

Anmp
peak

Amp
peak

Amp
peak

Amp

peak

Amp

crest

Amp

crest
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8. Core, Flux and current density data :
8.1 Type of steel core lamination ----—--==----
8.2 Thickness of steel core lamination ------ mm
8.3 Flux density of core at

rated HV voltage on

principal tap ----------------—-———o——o——- Weber /m2
As above at 110% rated voltage ---------- Weber /n2
Net core area----------=--—c————c————o———- cm2

8.6 current density at
rated power & rated voltage :

1) -HV winding —--—=—--==mecmmm e A/mm?
2) =LV winding =-=-=---cccmmmmmmm e A/mm2
3) -Tap winding —-—====-c-ceememmcee e A/mm?2
4) -TV winding —-=----—--mmmmm e~ A/mm2

9. Physical data :

9.1 Max. shipping dimensions

(largest item) (L*W*H)-~----ceccecemmaaa—_ mim*m
9.2 Weight of core and coils —--—————cmceeuueeo kg
9.3 Total weight of complete transformer ---- kg
9.4 Max. shipping weight (heaviest item) ---- kg

10. Accessories make and type :
1) Buchholz ——==—me— e
2) Pressure relay for tap changer —-—-————————-o_
3) 0il flow relay for tap changer and windings
4) 0Oil and winding temperature sensor & Indicators
5) 0il level indicators =-—-—-—c—cmmmmmm o __

6) Pressure relief deviCe=———=— oo




6.2 - For Alternative 2

6.2.1 Load losses at rated frequency,

& rated current on

75 °C principal tapping:

1) At ONAN rating-----—-——cecmemma——u KW
2) At ONAF1l rating----—-—--cecec———————o KW
3) At ONAF2 rating-=-=-—----cee—eea-- KW

6.2.2 Load losses at 75 °C &

Max. raise voltage tapping :

1) At ONAN rating--===e-smeccccccecaaa- KW
2) At ONAF1l rating--------c-—cce—eee-- KW
3) At ONAF2 rating -=---—-—=———-c——e--- KW
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6.2.3 Load losses at 75 °C & Max. lower voltage tapping :

1) At ONAN rating ------—--—=-=-c—-=—=—-- KW
2) At ONAF1 rating --------=-===———=---- KW
3) At ONAF2 rating -----—---====—-=—=——-—= KW

6.2.4 No load losses at

rated frequency & rated

voltage on principal tapping -==-------- KW

6.2.5 Cooling plant losses at

ONAF1/ONAF2 ratings ----==-—---—-—=—-==—==-—< KW

7. Cooling system data :

7.1

Number of coolers or cooler banks

For alternative 1 =--——---——=—=——-——cs======-
For alternative 2 =-===—=—=——==---————=====
Number of radiator units in each bank

For alternative 1 -----==-=--—-=—--======—-——=
For alternative 2 ---—-===—-—=—-———=—=—=—==—-—c<
Manufacturer of radiators--------—=-==-=--<=

Number of fans ----—=-—-—--=-----TTTTTTTTS

Make & type —-—-——-=-=-=—--—-sssssoooooosses
capacity of each fan and motor ---=-=----- HP
capacity of each pump and motor ---—--—--- HP



5. Exciting current :

6.

5.1 At rated voltage when

excited from HV side -—-—-—--—-——cccmeeececo A rms
5.2 At 110% rated voltage
excited from HV side -~~=~-weeececmmaa——— A rnms

Losses : losses related to each pair of
windings shall also be specified
6.1 - For Alternative 1
6.1.1 Load losses at rated frequency,
75 °C & rated current

on principal tapping: -=-—--——-—--——e——eo--

1) At ONAN rating -—---=—--m-———mmemee Kw
2) At ONAF rating ---=----cmeememm KW
3) At OFAF rating ---=----eoeememo KW

6.1.2 Load losses at 75 °C & Max.

raise voltage tapping :

1) At ONAN rating —-----—--c—ceemm__ KW
2) At ONAF rating —-=-=-c-cmemmmm KW
3) At OFAF rating =-=-c——cmmmm e __ KW

6.1.3 Load losses at 75 °C & Max.
lower voltage tapping :

1) At ONAN rating --—=—ceemm o ___ KW
2) At ONAF rating —-~=-——ceemmmmmme o _ KW
3) At OFAF rating —-—=———ceeme o __ KW

6.1.4 No load losses at rated
frequency & rated voltage on
principal tapping—=---—-eemmme o ______ Kw

6.1.5 Cooling plant losses at
ONAF/OFAF ratings —-—=-—-——oeoemem______ KW
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2.2.7 Type of AVR =———-—-===-=-——soso=sssooooos
2.2.8 Description of remote OLTC control ---=-=-

2.2.9 Method of parallel control: —-—-——=======-=
1) Minimum circulating current ----- Yes/No
2) Reverse reactance method ===-=—--— Yes/No

3. Impedances @
3.1 Positive sequence impedance at 75 °c,
on principal tapping & on Max. Relevant MVA base
1) between HV & LV
2) between HV & TV
3) between LV & TV

3.2 Positive sequence impedance at 75 °c,
Max. raise voltage and on Max. Relevant MVA base
1) between HV & LV
2) between HV & TV
3) between LV & TV

3.3 Positive sequence impedance at 75 °c,
Max lower voltage and on Max. Relevant MVA base
1) between HV & LV
2) between HV & TV
3) between LV & TV

3.4 Zero sequence impedance at 75 °c,
on principal tap and Max. Relevant MVA base
1) between HV & LV
2) between HV & v
3) between LV & TV

4. Bushings:
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DATA SCHEDULES 2

Following information and data guarantees are besides and
supplement to requirements mentioned in data schedule 1.
Therefore tenderer to provide also following information and

data guaranteed.

General Data :
1. Manufacture Country

1.2 Type designation =-===-==-----—c————oooooooo
1.3 Manufacture country --=-=--—-—e--——--———---

2. Tap changers
2.1 Off-load tap changer

2.1.1 Type =——-——-=- - -
2.1.2 Manufacturer ----------—-emmmmmmmmm
2.1.3 Rated current----—--—c—cmemmmme e A rms
2.1.4 Rated step voltage----—==-—c—cecmmcmmmo V rms
2.1.5 Total number of steps -----———cccmcmmmu_o

2.2 On-load tap change

2.2.1 Type —————= e e
2.2.2 Manufacturer ---—-—-—-——---emememm__
2.2.3 Rated current--—--—---mmeme A rms
2.2.4 Rated step voltage-—--=—-ccccmmmmmm_ V rms
2.2.5 Rated switching capacity ----—=———c—ea_-- KvAa
2.2.6 Insulation levels :
i) Voltage class -===--cccmmmmmmmme KV rms
ii) BIL to ground -----——emmmmm____ KV peak

iii) BIL between divertor switch contacts KV peak

iv) BIl across regulating winding ------- KV peak




Q=

11-

12-

13-

Bushing current transformers:

9.1 For protection on the neutral
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9.1.1 Number of cores No 2
9.1.2 Ratio (with taps for use as multi-ratio)
fOr 160 MVA ...ttt eeeneeeenanenennnens 600/1
otherwise. ... .ottt nnneneennnnnn 400/1
9.1.3 Burden VA 30
9.1.4 Knee point voltage V rms as necessary
9.1.5 Accuracy class 5P20 or equivalent
9.2 For temperature indication
one on middle phase of HV &
one on middle phase of LV &
one on middle phase of TV.
9.2.1 Number of cores NO as necessary
9.2.2 Ratio (with taps for
use as multi-ratio) as necessary
9.2.3 Burden VA as necessary
9.2.4 Accuracy class as necessary
current and Flux density
10-1 Current density at rated
power and rated voltage:
for HV, LV, TV, Tap windings. A/mm2 ......... <= 2
10-2 Flux density at rated
voltage & principal tap..... W/mm2 .......... <= 1.7
Sound level ........cctceecttcsnscnceocns dB ....... <= 80
(measured acc. to IEC 551, at
normal operating temperature)
Max. RIV at 1 MHZ, at 5% above the HT
terminal voltage acc. to NEMA 107 uv <= 500
Type of conservator -—
Yes

Air-bag type with dehydrating breather (yes/No)
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8- Insulation levels at sea level
and standard atmosphere:
8.1 Windings:
8.1.1 Rated lightning impulse

withstand voltage:

1) HV Terminal KV peak 850
2) LV Terminal KV peak 550
3) Neutral end KV peak 125
4) Tertiary terminal KV peak 170(125)
8.1.2 Rated one minute power
frequency withstand voltage:
1) HV Terminal KV rnms 360
2) LV Terminal KV rms 230
3) Neutral end KV rms 50
4) Tertiary terminal KV rms 70(50)
8.2 Bushings:
8.2.1 Rated lightning impulse
withstand voltage:
1) HV KV peak 950
2) LV KV peak 650
3) Neutral end KV peak 125
4) Tertiary terminal KV peak 170(125)
8.2.2 Rated one minute power
frequency withstand voltage:
1) HV KV rms 395
2) LV KV rms 275
3) Neutral end KV rms 50

4) Tertiary terminal KV rms 70(50)




4-2 On-load tap changer:
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4.2.1 Rated current Amps 120% of the highest
through current

4.2.2 Insulation class I
4.2.3 Position of tappings HV nautral
4.2.4 Tapping range 230 + 9x1.67%
4.2.5 Mid tap position KV 230
4.2.6 Parallel operation control

required for number of Tr. bank 2 or 3
4.2.7 Automatic voltage regulator required (Yes/No) Yes

4.2.8 Line drop compensation required

5~ Vector group ........ HV/LV/TV ..icceiveenn

6- Impedance voltages on principal tap,
referred to Max. relevant MVA Dbase
For 160, 125, 80 MVA transformers
6.1 - HV/LV
5.2 - HV/TV
6.3 — LV/TV
7- Short circuit strength of windings:
7.1 230 KV system fault level
three phase KA
7.2 132 KV system fault level
three phase KA
7.3 33(20) KV system fault level
three phase KA

7.4 Short circuit duration Sec

(Yes/No) Yes

YNad1l1l or YNynadil

o

12.5
as necessary

as necessary

40



2.

Ambient Conditions :

2-1 Ambient Conditions for Zone 1
2.1-1 Altitude

2.1-2 Max. air temperature

2.1-3 Min temperature

2.1-4 Max.daily average

2.1.5

Pollution level as per IEC 71-2

32

1000
+55
-10

45

Medium or Heavy

(as will be required)

2.1.6 Type of insulating oil required

2-2 Ambient conditions for Zone 2

3.

4=

2.
2.
2.
2.
2.2.5 Pollution level as per IEC 71-2

2-1 Altitude
2-2 Max. air temperature
2-3 Min temperature

2-4 Max.daily average

°c
°c
°c

I

1000
+40
=35

30

Medium or Heavy

(as will be required)

2.2.6 Type of insulating oil required I or II

(as will be required)

Max. temperature rise at rated power:

3

3

Tap

4-1

4.

[

.1

For Zone 1

3.1.1 Winding
3.1.2 Top o0il

.2

For Zone 2

3.2.1 Winding
3.2.2 Top oil

R e e

1.

changer:
Off-load tap changer:

1 Rated current

.2 Insulation class

.3 Position of tappings
.4 Tapping range

.5 Mid tap position

Anps

KV

50
45

65
60

120% of the highest
throughcurrent
I
TV winding
33(20) * 2x2.5 %
33 (20)
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DATA SCHEDULES 1

The transformers shall be capable of supplying rated
output at the altitude above sea level and temperatures
specified. Requirements refer to three categories with full
ratings of 80 MVA 125 MVA, 160 MVA. in two alternatives
which all tenderer should specify and guarantee (values in

parentheses refer to 20 KV system).

1. General Data :
1.1 Installation  —=-—-—-=------=-S--ooTTTTTIOTTE outdoor
1.2 Type (Auto_trans. or 3Ph. separate winding Trans)
1.3 Type of cooling :

1.3-1Alternative 1--—--=====—==—--=-"="T"7" ONAN/ONAF /OFAF
1.3-2 Alternative 2---===——-==—==--—--==< ONAN/ONAF1/ONAF2
1.4- Rated frequency -—-—-—--="=7"77 Hz -=-=-=————===—=——== 50
1.5- Rated load power output MVA ——-—=m——————————=
Alt.]1] -=-———-==—-—--=-osoosososoTTETT ONAN/ONAF /OFAF
Alt.2 -==——=—m=——-—=-—osoosssTsoTTmTT ONAN/ONAF1/ONAF2
1.5-1 For 80 MVA transformer 48/64/80
1.5-2 For 125 MVA transformer 75/100/125
1.5-3 For 160 MVA transformer 96/128/160
1.6 Rated voltage (HV/LV/TV) KV rms 230/132/33(20)
1.7 Highest system voltages '
(HV/LV/TV) KV rms 245/145/36(24)

1.8 System grounding:
1) HV system -=—-=----"-TTTTTTTITT Solidly earth neutral
2) LV system ——-—=—=="=="7777"% Isolated or earth neutral

3) TV system —-==—----------oTTTTITTOE Delta connection)



25-4
25-5

25-6

25-7

25-8
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1) General drawings, showing the general construction,
overall dimensions, weights of the parts, assemblies
of equipment proposed. The drawings shall show the
internal & external clearances, hecessary electrical
& mechanical information, unthinking, etc.

2) Catalogues of all major components. ;

3) List of necessary wrenches, tools, slings and special
lifting devices proposed to be furnished.

4) Additional shop tests, if any, in addition to those
specified acc. to standards which the manufacturer
intends to perform. ’ '

Detailed technical characteristics as called for in

schedules.

List of spare parts including prices(and escalation)for a

reasonable period (at least 5 years) of operation &

Maintenance.

Type tests reports.

List of experience of the bidder in manufacturing the

similar type of transformers.

Documents and drawings necessaria for erection, Maintenance

& repair.

All the temporary and permanent equipment necessary for

erection and fixing equipment as well as specifications of

vehicle necessary for proper and safe transportation,
loading-unloading to be specified for purchaser.

All tender specification signed and stamped in token of

acceptance.
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f) If it 1is proved that the transformer has not been
manufactured in acc. with the agreed specification.
Meanwhile if measured values for the above mentioned items
(except item a above) are in limits of the guaranteed values
and above mentioned extremes, if purchaser would agree,
manufacturer should either correct transformer or born
penalty which is to be decided by the purchaser.

Commissioning Materials:

Following items shall be supplied as minimum along with
each transformer:
i) One complete set of gaskets with gasket fixing
compound.
ii) One spare radiator, fan, and pump/pump motor.
iii) Special tools, (if any)
iv) Precision vacuum gauges - 1 No.
v) Adequate insulation tapes.
vi) Touch-up paint - 1 Tin.
vii) 10% of total quantity of oil
viii) Other necessary items according to manufacturer.

24 - Factory Assembly and Tests:

Type tests shall be conducted, if mutually agreed upon at
the time of signing of contract. Purchaser, reserves the
right to demand any particular type tests free of charge in
case the manufacturer is either not able to produce a type
test report or if the type test report submitted is

rejected by reasonable arguments.

Information and Data :

1 The following information and data shall be submitted with

the tender for consideration and approval :
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Wires and/or Cables

Connection between terminal boxes of each element (i.e.
CT's ,Temp. sensors, oil level ind.,.....) to the terminal
box preferably to be carried out by suitable wires through
suitable protective mantle ,supported on the top cover of

the transformer.

Rating Plate:

The rating plate of the transformer shall include
information in accordance with IEC 76, 289, and 185.

Transportation care devices

Three dimensions impact recorder or shock indicator shall
be attached to the transformer to record Max. shock
acceleration during the whole period of loading-unloading,
shipment and transportation.

Rejection:

The purchaser reserves the option to reject the
transformer and demand a new transformer if during tests or
service, any of the following discrepancies in respect of
guaranteed values come to 1light:

a) Measured losses exceed the guaranteed values by more
than the tolerance allowed by IEC as discussed in
article 14.

b) Percentage impedance measured exceeds the guaranteed

value by + 10.

c) 0il or winding temperature rise exceeds the guaranteed
values by 5 oC.

d) Transformer fails on impulse tests.

e) Transformer fails on power frequency withstand test.




18-2 Properties

Kinematic viscosity

Flash point
Pour point

Appearance

Density

Interfacial

Neutralization value
Corrosive sulphur
Water content
Anti-oxidant additives
oxidation stability:
Neutralization value
Sludge,

Breakdown voltage

as delivered,

after treatment
Dissipation factor,
at 40 HZ to 60 HZ.

UNIT
mm? /s
at 40 °c
at 20 °c
at-15 °c
at-30 °c
°c
°c

800

IA

v

140
< =30

27

CLASS II

(\VARVN
e
w
o o

o

IA

=45

Clear and free from

sediment and suspended matter

Kg/dm 3

at 20 °c
N/m

at 25 °c
mgKOH/g

mg/kg

mgKOH/g

% by mass

KV
KV
at 90 °c

IA

v

IA

IA

IA

v

v

IA

40%10

0.895

-3

non-corrosive

not detectable

0.005

1- The transformer oil shall be delivered in filled drums

each containing about 200 liters.

2- The drums shall be new and of top quality in general of

the type normally used in the oil branch.
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Earthquake Requirements

The complete assembled and installed transformers
(including all accessories) shall be so designed to safely
withstand the dynamic earthquake forces. The horizontal and
vertical accelerations shall be taken in such a direction
as to produce the most severe loading of the equipment and
its accessories(This figure are to be considered generally
0.3 g except otherwise mentioned).

Shock Impact & Inclination

The transformers shall have such a design, material and
manufacturing that probable shocks, during loading-unloading
& transportation and shipment, with the magnitude of Max.
3 g. in any direction shall not cause any damage to the

(o]

transformer. Also inclination of Max. 15 ° from plumb line

could not cause any damage to the transformer.

Transformer 0Oil

The unused insulating o0il shall be obtained by
distillation and refining of petroleum. This o0il must be
pure virgin of petroleum product with Naphthane base for
zone 2 and Naphtane or Paraffin base for 2zone 1
applications, without any anti oxidant (another word
uninhibited o0il) in accordance with IEC-296 (1982 or latest
edition).
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1- Total 1losses or component losses 1in excess of the
guarantee values but within tolerances indicated in IEC
76-1. Transformers shall be accepted provided all other
technical requirements are met subject to tender.
Accepting penalty for losses in excess of guaranteed values

using the rates indicated above.

2- Total losses or component losses exceeding the tolerances
given in IEC 76-1 . The acceptance of the transformers shall
be entirely at the decision of the purchaser, but if
accepted, penalty charges as described above shall be
levied.

15 Painting & Finishing

Galvanizing shall be in accordance with IS0-1461 standard
(1973 or latest edition).

2) Paint Application
Painting on case iron and steel plates, cabinets, shall
consist of four at 1least 40 um coatings containing one
primary, two coat of non glossy o0il, one final weather

resistant coat with a total minimum thickness of 160 um.

3) Painting of Cabinets
The interior of the control cabinet and other cabinets
shall be painted with three coats, of which the final coat

shall be anti-condensation finish.
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Wirings shall be brought to the control cabinet through
suitable protective cover except for the end connection to
the cabinet which will be flexible conduit. The cabinet
shall be provided with padlocking facilities. The interior
of the cabinet shall be treated with an anti-condensation

coating.

Cost Evaluation (Losses & Capital Cost)

Losses at rated data are guaranteed values. In comparing
tenders, the capitalized value of the guaranteed losses will
be taken into account and will be added to the tender price.
It shall be noted that for this purpose total load loses
will be considered as the sum of all individual winding
losses at related rated powvers.

This total load loss for two winding transformer will be
equal to guaranteed load loss of HV/LV at rated power while
the same for three winding transformers shall be calculated
as follow

HV Loss (at rated HV power) + LV Loss (at rated LV power)+
TV Loss (At rated TV power).

Each individual winding loss will be calculated by the
binary method from the values of losses at HV/LV, HV/TV and
LV/TV.

The losses will be capitalized at the rates given below :

Per KW
No-load losses at rated voltage 1900 USS$
Load losses at rated MVA including aux.
losses (fans, pumps,) : 650 USS$

The acceptance of transformers with measured higher losses

than the guaranteed values shall be governed by one of the
followings:
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The terminal screws shall be of the washer type, long
enough for connecting two conductors to one screw connection
and the center-to-spacing of adjacent terminals shall not
be less than 11 mm.

Adequate number from each size of marking strips, fastened
by screws to the molded section with ten (10) percent spare
quantity shall be provided. Cabinet shall be provided with
20 percent spare terminals.

Other requirement:

Conductor sizes shall be as required but in no case less
than 2.5 mm’ (for current transformers circuits min.4 mm?) .

The air circuit breakers for the auxiliary power circuits
shall be mounted in this cabinet.

cabinets shall be protected in accordance with class IP-
54 of IEC 144.

In addition to applicable requirements mentioned above one
control cabinet (separate from that required for the tap
changer control) shall be provided to house the followings:

1- Cooler control and aux. equipment.

2- Door actuated light.

3- Thermostatically controlled anti-condensation heater
together with thermostat.

4- Heavy duty, properly sized single and three phase
convenience outlets for oil handling equipments.

5- Fuses of approved type.

6- Dry type transformer where necessary, for the supply

of the AC control voltage. Fuses shall be provided on

the LV side.
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12-6 Pressure Relief Device

Pressure relief device which shall be resetting, without
the use of expendable parts. The device, and all parts
thereof, shall have a service life comparable to that of the
transformer.

Semaphore and alarm contacts shall be provided on the
device to respectively give visual and electrical indication
of operation.

The device shall be protected against mechanical impacts
by means of a steel housing where it is installed on the

transformer.

12-7 Tertiary terminals

The tertiary windings shall be terminated to the relaxant
bushings located inside of a suitable steel box on the
transformer. The terminal box shall be suitable for entry
of high voltage single core 150 ~ 240 mm’ cross linked
cables. Cable terminals with glands and /or other necessary
accessories for proper connection of the cables to be
provided.

13 Marshalling Kiosk (Terminal & Cooler Cabinets):

The cabinet shall be of weatherproof construction and
conduit connections to the terminal cabinet shall be of the
threaded type. Terminal Cabinet & cooler cabinet may be
combined as a unit panel.

The cabinets shall be equipped with a hinged door and
mounted in an accessible location. A blank bottom steel
plate shall be provided for attaching incoming conduit to
be installed. The terminal blocks shall have bases and

barriers molded integrally, with brass inserts, and rated
for not less than 600 volt service.
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Dial type winding temperature indicator with provision for
site calibration, one for H.V. windings, one for L.V.
windings and also one for tertiary windings responsive to
the combination of top oil temperature and winding current,
calibrated to monitor the hottest spot temperature of the
transformer winding. The dials shall be mounted on the
transformer at eye level and accessible. The temperature
indicators shall be provided with separately adjustable sets
of contacts to perform the following functions:

1) possibility of automatic control of cooling system
2) actuate alarm function

3) actuate trip function

Dial type o0il temperature indicator shall be provided with
its sensing element located in the path of the hottest oil.
The dial shall be mounted on the transformer adjacent to the
winding temperature indicator. The temperature indicator
shall be equipped with following adjustable alarm contacts.

1) Possibility of automatic control of cooling system

2) Alarm actuating

3) Trip actuating

4) Possibility of automatic trip of cooling system

12-5 Control system of cooling

Cooling control shall be so designed that each stage of
cooling system start by means of simultaneous command of oil
and winding temperature whereas only oil temperature sensor

commands for stop of each stage of cooling.
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Conservator tank should have a volume of at least %15 of
total volume of the oil. The tank shall be mounted with
proper slope between the ends. Bottom of the tank shall be
fitted with a drain/ filter press valve of suitable size,

complete with dummy plug.

The conservator shall be provided with a manhole, filling
valve with dummy plug, and lifting eyes. The connecting pipe
to the main transformer tank shall be provided with an
indicating shut-off valve located on the conservator side
followed by the two elements gas detector relay. The shut-
off valve shall have a lever to indicate open and close
position.

0il of conservator to be completely sealed against
atmosphere air by means of flexible o0il and air resistant
air bag which in turn is connected to the silicagel
breather.

0il conservator to be equipped with o0il level indicator.
Magnetic o0il level gauge, which can be read from ground
level should be mounted on the outer end of the conservator
tank. The dial shall indicate the minimum, maximum and

normal levels. 0Oil level gauge shall contain contacts for
alarm.

Two element gas detector relay, should be provided in the
pipe connecting the conservator to the main tank. The relay
shall be equipped with two sets of contacts, one set to
operate alarm on slow gas accumulation and one set to trip
the transformer on surge accumulation. A 5 mm dia. copper
pipe shall be connected to the relay test-cock to a valve

located near ground level to facilitate sampling of the
gas.
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11-5 The current transformers shall be designed for a maximum

ambient temperature in the cooling medium of 115 °C and a
maximum 24-hour average of 105 °C.

11-6 Insulation requirement shall be in accordance with IEC 185
clause 16. However,the test voltage shall be 4 Kv rms.

11-7 Continuous load currents and thermal short circuit current
(2 Sec) withstand capability of the current transformers
shall comply with the same requirements as those for the

power transformer for corresponding voltage level.

12 Accessories:

General :

All gauges, meters,relays and thermometers shall be
mounted in such a way that the vibration from the
transformer is not transmitted to these equipment.Contacts
of the accessories shall be insulated from ground and shall
be of positive snap-action or mercury type. Alarm and
control contacts shall be open during normal conditions,
shall be self-reset, except sudden pressure device, and
shall be for the specified D.C voltage of the substation.

All contacts and devices for external connections shall
be connected to terminals in the terminal cabinet.

Alarm contacts shall be rated 0.5 amperes minimum and
control contacts shall be rated 5.0 ampere minimum.
Auxiliary relays shall also be supplied, where required.

The transformer shall be provided with the following

accessories:
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- Fittings and hardware and complementary pieces shall be
made of galvanized steel or malleable iron or non-ferrous
metal. Bushings shall be located in the transformer so that
minimum clearances applicable for the insulation are
available between 1live parts and live parts to earth
structure.

- Bushings and attachments shall be corona free externally

and internally.

Bushing current Transformers :

11-2

11-3

11-4

Bushing type current transformer is required for the

transformer as specified in data schedules.

current transformers shall be suitable for measuring and
relaying service and in accordance with the IEC standard 185
and BS 3938 with respect to ratios, accuracy
classifications, thermal and mechanical linmits, polarity
marking and tests. Current transformers shall have all taps
terminated on terminal blocks in the terminal housing.
Flexible stranded leads shall be run from each current
transformer secondary tap through suitable protective cover

to the main cabinet.

C.T's shall be provided with shorting links.

current transformers mounted to locate in detachable C.T.
wells shall have their secondary leads terminated in a
weatherproof Jjunction box on the side of the well, to
facilitate field (factory) connection to the external leads
from the transformer control cabinet. Tenderer shall specify
whether C.T. & C.T. Wells to be mounted in the factory or

at site, in the latter case all the connection necessities
shall be provided.
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10 Bushings:

To cover various altitudes of site conditions, for each
level of voltage three different types of bushing to be
designed and manufactured to work at altitudes of 1000,
1500, 2000 meters above sea level. Bushings shall be
suitable for use with different required transformers.

Bushings of same voltage shall be inter-changeable between
units. The bushings shall be oil-tight, gas-tight and water-
tight.

Bushings rated 63 Kv and above shall be oil-filled
condenser type provided with red ball o0il level indicators
visible from ground level. Each bushing shall comprise
capacitance taps for purposes of voltage measurement and

power factor testing on the flange.

Other properties:

- Bushings shall be so designed to prevent the accumulation
of explosive gases and to provide adequate o0il circulation
to remove internal heat. 0il in oil bushings shall meet the
requirements of the transformer o0il standards and be
suitable for the duty.

- Condenser bushings shall contain a stem type conductor
which shall be connected to the winding at bottom side and
to the O/H at top side. All connection facilities and
material to be provided.

- The bushings shall have internal bushing type current
transformers. The bushing design shall permit installation
or removal of current transformers without removing the tank
cover. Meanwhile removal of the bushings to be possible

without disturbing the current transformers.
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0il circulating pumps shall be driven by directly

coupled motors. Indication shall be provided indicating

direction of rotation of the pumps.

The non-sensitive area (marginal temperature between

setting of start each group of cooling and setting of

stop) shall be so large as to avoid unnecessarily

frequent cooler starts - stops. The non-sensitive area

in °c shall be specified by the supplier.

The supply to fan and pump motors shall each be sub-

divided into two separate groups.

For choice of mode of operation (automatic/manual),

twist-grip switches shall be provided. Switches shall

be two pole type, one pole to control the relevant

motor-protective circuit breaker, and the other for the

signal circuit.

Following alarm initiating devices having normally

open contacts shall be provided for fault initiation,

as applicable for the method of cooling employed:

a) Cooling fan/fans failure for each radiator bank/unit
cooler

b) Failure of oil pump No. 1,2,3 (as required).

c) Low oil flow for each pump.

Following initiating contacts shall be provided to

illuminate lamp indicators:

a) Cooling fans in action for each stage.

b) 0il pump in action for individual pumps.

c) cooling system on automatic control.

d) Cooling system on manual control.

All parts in the cooling system shall be galvanized in

accordance with ISO -1461, and withstand an inner over-

pressure of 3 Kkp /cm2 for oil at temperature of 90 °C
without any o0il leakage.
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The control equipment to be furnished shall be fully
automatic, designed to start and stop the two stage fan
motors or one stage fan motor and next pump(s) as per the
demands of temperature and shall include a magnetic
contactor with auxiliary alarm contacts which close with
contactor, and any other auxiliaries necessary.

Switches shall be provided for automatic/manual control
of each fan group. An under voltage relay or equivalent
device to be proposed to alarm for failure of each fan or
subgroup of fans, and/or for the case of power supply loss.

Motor protective circuit breakers, if not otherwise
specified shall be equipped with at least one set of
contacts which are closed when the breaker is open.

Each contactor shall have its own fuse and selectivity
shall exist between this and other safety devices in the
control circuit.

Each motor protective circuit breaker shall be preceded
by fuses or sensitive MCB's for short-circuit protection of
such a type and rating that complete selectivity exists,
both between these and preceding main fuses or MCB's, and
between these and the overload protection of motor-

protective circuit-breakers, under all load conditions.

Forced-Air-Cooling

For the transformers with first stage of natural second
and third stages of forced air cooling (ONAN/ONAF1/ONAF2)
entire requirement for forced-air-cooling of second stage
will remain for third stage too, in addition to the fans of

third stage.

Forced 0il Cooling

The transformers with first stage of natural and second
stage of forced air cooling system,is required to be
supplemented by the forced-oil cooling equipments, at third
stage (ONAN/ONAF/OFAF), with following characteristics:
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Cooling Equipment:

The transformers shall be provided with natural oil
cooling system, to be supplemented by two other stages,
which are categorized in two alternatives one comprising of
two stages of forceé-air—cooling and the other comprising
of one stage of forced-air-cooling followed by forced-oil-
cooling stage according to the specified values mentioned
in the schedules.

Radiators shall be so designed as to be accessible for
cleaning and/or painting, to completely drain 0il into the
tank when the tank is being drained and to thoroughly vent
into the tank and to insure against formation of gas pockets
when the tank is being filled.

Each radiator shall be removable with no need to remove
another. At each radiator connection an indicating shut-off
valve which can be locked in either open or closed position
shall be provided.

It shall not be necessary to shut-down the entire forced
air when removing any radiator. Radiator shall have lifting
eyes, an air vent at the top and an oil drain at the bottom
(both equipped with suitable plugs).

Protective equipment shall be provided for the fan motors.
Test switches shall be provided for testing each group of
fans. All exposed wiring and/or cabling shall be carried-

out in suitable protective mantle.

The fans and guards shall form an integral unit with their
individual motors. Fan motors shall be of universal type and

totally enclosed construction.
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- Tap change delayed.
- Automatic/Manual mode.

Automatic Voltage Regulation :

The automatic control equipments shall be installed on the
OLTC panel or panels in control room which shall include all
necessary voltage regulating and time-delay relays, reverse
power relays, aux. current transformer, line-drop
compensator (suitable for power flow in either direction),
rheostats, selector switches and voltmeters for indicating
the controlled voltage.

Prevention for unnecessary regulation in the event of loss
of sensed voltage to be furnished.

The automatic control equipment shall be provided with
compounding, supplied by current through the transformer,
for making the regulation function dependant on the load
of the network.

Line drop compensation shall be of the resistance and or
reactance type, and shall be provided complete with the
necessary auxiliary current transformer(s).

The remote electrical control shall be arranged for manual
and automatic command. Latter shall contain individual/or
parallel automatic control.

High-voltage & low-voltage blocking device independent of
voltage regulation equipment shall be provided to prevent
regulation in the event of fault in voltage regulation

and/or loss of sensed voltage.

Supervisory Control:

Suitable provision should be made in the OLTC panel for
supervisory control and indication as per requirements of
buyer dispatch center, also possibility for remotely
adjustment of AVR.
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~ "Raise-Lower" push-buttons or switch, for manual electric
control.

- "Manual-Automatic" selector switch.

- Mechanical and electrical stops to prevent operation
beyond the end positions in both directions.

- Devices for remote operation from the control room/SCADA.

Emergency push-button for tripping the driving motor

circuit breaker.

Remote Control Panel:

Panels shall be provided for remote control of the on
load Tap changer of each power transformer from the control
room. The panels shall contain all facilities such as tap
position indication, tap changing in progress indication,
push-buttons for raising and lowering of taps, selector
switches for manual/auto, solo/parallel, master and follower
operation, relays required for parallel operation of
transformers, all complementary facilities related to the
automatic voltage regulation and line drop compensation as
specified under clause 8-3 out of step alarms and other
annunciations specified in the subsequent paragraph.
Normally two transformers will be operated in parallel, for
which a common panel or individual panels incorporating
Master/follower selection arrangement etc. Which have

already been stated to be provided.

Annunciations:
The following annunciations shall be provided in the remote
control panel :

- Motor supply failure.

Control supply failure.
- Drive motor auto-tripped.

- Tap change in progress.

Out-of-step operation when the tap-changers are operating
in parallel.
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The driving mechanism shall also comprise all auxiliary
equipment such as circuit breakers, limit switches, relays,
controller, rectifiers, transmitters for remote position
indications, terminal blocks and all other devices necessary
for automatic, remote and local operation. A heater of
suitable door actuated size controlled by a thermostat shall
also be provided in the compartment for moisture control.
Also a suitable light inside of mechanism to be provided.

All necessary interlocking shall be provided and all
necessary precautions shall be taken to avoid false
manoeuvre and prevent the tap changer being operated under
currents beyond its capacity.

The tap changer shall start on a "raise" or "lower"
impulse of short duration and shall ‘"seal-in" and
automatically complete the step by itself.

A counter for registration of the number of operations
performed shall be provided.

The tenderer shall inform time sequence of OLTC operation
from initiation of motor start and the time taken by the
motor drive for completing one tap-change operation. Maximum
8 Sec. can be permitted for this. The number of revolutions
per switching operation also be specified-maximum 50
revolutions can be permitted.

Tap changer motor protection shall consist of an over-
current automatic circuit breaker with manual reset.

A set of'"make" contacts shall be provided for operation
of the annunciator to indicate an out-of-step condition when
in parallel operation.

In addition to the components essential to the operation
of OLTC, the tap changer control cabinet shall also house
the following:

- Mechanical tap position indicator with maximum and
minimum resetable drag hands. The indicator shall be visible

by a man operating the tap changer manually by the handle.
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The tap changer shall consist of tap selectors mounted
integrally with contactor (diverter switch).The contactor
(diverter switch) compartment shall be provided with an
inspection cover.

The whole unit shall be installed inside the main tank and
piped to the conservator compartment separated from the main
conservator. 0il flow relay shall be placed on the pipe
connection between OLTC and conservator, also fault pressure
relay on the OLTC tank to be provided. Both relays to be
equipped with contacts for trip command.

The input bearing, through which the drive shaft enters
the transformer tank shall be fitted with a position
indicator. Reliable equipment shall be furnished for
synchronizing of the tap changing switches inside the tank
and outside of the transformer.

Supply and placement :

It will be assumed that OLTC comprising tap-selector,
diverter-switch, operating mechanism, etc. are supplied
completely and assembled to the transformer with the
complete terminals connected at the factory. But in case of
reasonable argument if OLTC to be erected at site therefore
submitting necessary equipment, tools and expert persons for
the purpose to be guaranteed by the manufacturer.

Operating Mechanism:

The mechanism shall be protected in accordance with class
IP 54 of IEC 144.

The motor windings shall be given moisture resisting and
shall be of rugged construction for service.

A removable handle (inside of which shall automatically
block the electrical operation) shall also be provided for
emergency manual operation of the tap changer.




The tap changer control shall include operation handwheel
indicating pointer and dial and means for locking the tap
changer in any desired position.

The contacts shall be capable of withstanding the full
short circuit current of the transformer without injury and
continuous rated current of not less than 1.20 times of the
Max. full load current of the tertiary winding. The tap
changer handle shall also be provided with a suitable

device, to protect against false operation.

On-Load Tap Changer :

Performance Requirements

i) The on-load tap changing gear (OLTC) shall be designed
for a rated through current of 1.20 times the highest
tapping current of the winding to which it is connected
as specified in IEC 542.

ii) Devices shall be incorporated to prevent tap change
operation when the through current is of such a value
liable to cause damage to the components.

iii) The OLTC gear shall withstand maximum through fault
currents without any damage.

iv) The OLTC shall be provided with automatic voltage
regulation (AVR) suitable for parallel operation with
similar transformers. Type and function of the AVR will
be defined latter.

Design and construction:

The changing of taps shall be by means of motor operated
on-load tap changing equipment of proven reliability and
requiring minimum maintenance.

The OLTC shall be designed in accordance with DR. Jonson
principle.

All oil level gauges shall be legible from ground level.
Filling and drain valves shall be complete with dummy plugs.
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Construction of the main tanks, conservator tanks, tap
changer tank, and the oil preservation system shall provide
for temperature changes attained, for coldest and hottest

condition.

All pipe entries to the main tank shall have oil-tight
shut-off valves arranged to give positive indication of the
open and closed positions. Drain and sampling valves shall
be provided all in box stiffeners. The transformer tank
shall be provided with at least the following valves :

a) Drain valve 100 mm dia.

b) Two filter valves on diagonally opposite corners of

50 mm dia. size

c) 0il sampling valves not less than 8 mm at top and

bottom of main tank.

d) One 15 mm dia. release plug for gas/air on the top of

the tank.

e) Two plugged pipe outlet equipped with shut off valve

for applying and measuring vacuum.

Swivelled wheels shall be suitable for use on the standard
rail gauges of 1435/2940 mm. and provided so that they can
be turned through an angle of 90. Suitable means shall be
provided for anchoring of the transformer body to the

foundation /or Rials after dismantling wheel's of the
transformer.

Tap Changers:

The transformer, shall be equipped with external manually
operated tap changer for changing connections to the taps
in the tertiary windings. Taps will be changed only when the
transformer is de-energized.




The transformer tank shall be a hot-rolled low carbon
steel plate case of substantial construction which shall be
oil tight and provided with an oil tight cover. The tank
cover shall be designed to shed water.

The gaskets shall be made of a resilient material (and not
chemically affected by 0il) which will not deteriorate under

the action of hot oil and will remain oil tight.

The tank shall be provided with manhole(s) of suitable
size (about 0.5 m diameter) to afford easy access to the tap
changing mechanisms, lower ends of bushings, current
transformers,terminals of the windings and the upper

portions of the windings.

The transformer tank, radiators, pipes and conservator
shall withstand full vacuum and be oil tight for an over
pressure of not less than difference of the lowest and
highest levels of the transformer 0il addition to the tank

oil surface.

Each transformer shall be provided with the necessary
steel supports on the low voltage and the tertiary voltage
sides for mounting lightning arresters. The supports shall
be secured to the tank and shall be at the proper height
above the base. Arresters may conveniently be connected to

the incoming lines above the transformer bushings.

Fach transformer shall be provided with two external
ground pads, each with two tapped holes for connection to
the ground bus of 120 - 150 mm’ sizes.

The transformer shall be equipped with suitable means to
place on Iron rail to pernmit moving the transformer in

either direction when completely filled with oil.



6 Short Circuit Withstand Capability :

Dimensioning shall be based on the short-circuit currents
(Three phase, Two phase and earth currents) which can arise
for all conceivable faults in the system. The system
earthing shall be taken into consideration. Normally ,two
or more transformers shall be considered to run in parallel.

The power transformer shall be capable of withstanding
without damage the thermal and dynamic effects of short
circuit (three and two phase and single line-to-ground
faults) for two seconds duration at high, low and tertiary
terminals with specified system fault 1levels and in
accordance with IEC publications.

Transformers shall be equipped with tertiary/stabilizing
winding capable of withstanding the mechanical and thermal
effects of short circuits resulting from different forms of
system faults that can arise in service taking into account
the system earthing conditions inclusive of transfer surges
which could be reflected through capacitive couplings with
HV and LV windings. The dynamic ability to withstand short
circuit shall be demonstrated by tests or reference to tests
on similar transformers, and/or calculations on the bases
acceptable for purchaser.

Short circuit calculations for dynamic withstand
capability of the transformers shall be generally in
accordance with IEC 76-5 and ANSI C57-1200,1973.

Additional separate winding (coil) in series with tertiary
winding(s)of transformer to establish required impedance
and/or to limit short circuit will not be accepted, except
showing certain documents/arguments to proof that sufficient
measures are considered in design, Manufacturing and
operation of such combination. However transformer have no

separate coils would be preferred at equal situations.




All of the winding turns should be completed (no half
turn). End runs of windings shall be provided with potential
grading or additional protection against abnormal 1line
disturbances and stresses. The entire design, construction,
and treatment of the windings and their assembly on the core
shall embody the latest improvements in the art and conform
to best modern practice.

Each neutral point of the star windings shall brought out
via a suitable bushing and shall not be connected to the
inside part of the tank.

4.2 Winding Insulation:

Winding insulation shall be of uniform or non-uniform
quality and composition, Which shall provide good insulation
minimum warpage,resistance to deterioration in hot oil, and
adequate mechanical and dielectric strength for the service
required.

Varnish application on coil windings may be given only for
mechanical protection and not for improvement of dielectric
properties.

Materials used in the insulation and assembly of the
windings shall be insoluble, non-catalytic, and chemically
inactive in the hot transformer oil under the operating

conditions.

5 Assembling:

EFach assembled core and coils shall be dried in vacuum
at not more than 0.5 mm of mercury and shall be impregnated
with o0il immediately thereafter to ensure proper moisture
and air elimination within the insulating structure. Each
core and coil assembly shall be impregnated and immersed in

moisture-free oil as soon as possible after drying.
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The core stack shall be earth internally through grounding
link, located on top of the core accessible from the manhole
(to permit disconnecting the 1link and testing of the core

for earth leakage).

Windings:

In the design, construction, and treatment of windings,
proper consideration shall be given to all factors of
service such as dielectric and mechanical strength of
insulation, coil characteristics, uniform electrostatic flux
distribution, minimum dielectric losses, minimum restriction
for free o0il circulation for wuniform 1low operating
temperature, elimination of hot spots, uniform voltage
distribution between adjacent turns and throughout the
winding, prevention of corona formation at normal operating
voltages, and the control of dielectric flux under impulse
conditions for high impulse strength.

The loading capabilities as indicated in these
specifications and the IEC standards for power Transformers
shall apply with respect to life, maintenance and other
factors affecting the operation of the transformer.

The transformer windings shall be designed to withstand
dielectric test voltages as impulse, induced tests and also
chopped impulse test (if requested as special) in accordance
with the applicable provisions of the IEC standards.

Winding conductors :

Winding conductors shall be free from scale, burrs and
splinters and shall have rounded corners. All conductors
used for the coil structures shall be made of copper. The
turns in the coils shall be thoroughly treated in such a way
to develop the full mechanical and electrical strength of

the transformer and to minimize deterioration.




1-4 In case of failure of forced cooling transformers shall,
starting from hot condition, be capable of remaining in
operation without injurious heating. Mentioning satisfactory
proof and/or tests for the following periods:

i) At full load for not less than 10 minutes after
outage of all forced cooling.

ii) Also shall be capable of remaining in operation
at full load for not less than 20 - minutes in the
event of failure of all forced cooling associated
with one stage of cooler.

2 Auxiliary supplies :

The station service AC supply (three phase/single phase,
50 Hz, 380/220 volts, 4 wire ) shall be used for all
auxiliary power requirements, such as forced air cooling
fans, forced-oil cooling-pumps, on-load tap-changing drive
motor, compartment heaters, etc. Each individual 1load
circuit shall be provided with an air circuit breaker
located in marshalling box provided with the transformer.
The station service DC supply (100/110/125 V,2 wire) shall
be used for control and protection purposes. The auxiliary

power requirement should be specified by the Tenderer.

3.1 The core of the transformer shall be constructed from
highest gquality, non-aging, cold rolled grain-oriented,
silicon steel specially suitable for the purpose. Both sides
of each sheet shall have an insulated surface treatment or
coating providing the required inter lamination resistance.
All steel sections used for supporting the core shall be
thoroughly shot or sand blasted, after cutting, drilling and
welding. The core and coil assembly shall be provided with
suitable lugs for the purposes of 1lifting of the entire

assembly.



SPECIFICATION FOR POWER TRANSFORMERS
230/132/33(20) KV

Ratings: 160 - 125 - 80 MVA

1 General

The power transformers (separate winding transformers as
main offer and auto-transformers as alternative) shall be
designed, manufactured and tested according to the
applicable requirements of the latest publications of the
international standards IEC except where mentioned
otherwise.

All amendments, supplements and reference publications
listed within the relevant standards shall also apply. The
power transformers shall be complete with the required spare
parts and all necessary accessories for proper operation.
Basic equipment data and ratings shall be as indicated in

"Schedules of Transformers".

The power transformers shall be three phase, oil-immersed,
0il conservator outdoor type. Tenders shall quote for two
different types one self-cooled /forced-air cooled ( ONAN,
ONAF1, ONAF2) another type self-cooled, forced-air-cooled
and forced oil cooled ( ONAN, ONAF, OFAF) for different site
conditions as specified in requirements and schedules of
transformers.

All current carrying componenfs such as bushings , tap
changers and connection components shall have a minimum
continuous load carrying capacity equal to 120 % of that of
the associated windings under all service conditions.
Transformers shall be equipped with built-in current
transformers in the bottom of bushings, which shall have a
primary rated current as specified.
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