


1.1- GENERAL AND SCOPE OF SUPPLY:

PETDE asks for External call of offers to have Auto transformers to extend some

existing 400KV substation, or to replace some of existing Auto transformers, the

bidder shall offer the following:

a Auto Transformers 400/230/20 KV, 300 MVA capacity for each.

b) earthing transformers 20/0.4 KV, 400 KVA capacity for each.
The Auto Transformer should be complete with all-necessary equipment and
material, needed to put it into operation, and with one earthing transformer for
each Auto transformer. The technical specification details according to attached
specifications.

¢) Spare Parts as per schedules No: E2.1&E2.2

d) The scope of supply shall include design, manufacturing and testing & training
at manufacturers works and drawings, brochures, manuals, instructions for
erection operation and maintenance of the required transformers.

Tenderer is requested to fill- in and sign the forms of guarantee schedules.

Any missing data in filling these schedules or in submitting any information or
documents requested to prove the offer specification will . .dly affect the evaluation
of the offer during the technical comparison.

1.2- CONTRACTOR RESPONSIBILITY FOR FOUNDATION DESIGN :

Contractor should be responsible for complete civil design of all foundations
related to mentioned works that means:
Transformers and earthing transformers foundations and oil pits under or beside
these transformers (if needed) taking in consideration — B.S — or UBC — or Syrian
Arabic code last edition.
All loads should be considered in design including seismic load — and factor of
seismic should be according to Syrian Arabic code instructions and Annexes and
value of seismic factor varies — 0.2G-0.3G.
Design should be done for various allowable bearing capacities of soil that is :
1kg/cm?
2kg/cm?
3kg/em?
Contractor should submit all detailed calculation sheets and civil drawings to
PETDE for approval and all safety factors should be included in the calculation's
standard and requirements.
Contractor should submit bill of quantities for all items of civil works — detailed
reinforcing steel tables.
Contractor must submit to PETDE all documents {drawings-calculation- bill of
uantities ...etc on CD (compact disk) 3 copies in addition to three copies of
rinted papers.

’he minimum compressive strength of concrete should be 210kg/cm2 with
wmirm omnde emdl o ok lnnn tlane 280 - faaa2



Quality of reinforcement —fy =4200 kg/cm?2 .

The contractor shall be entirely responsible for the design of the works and
stability and sufficiency of the works .

Lean concrete not less than 10 cm with cement ratio 200kg cement/m3 concrete
(projection-10-cm in all directions ).

Rail according to din-S49-).

Rails Gauge — 1676- mm .

Rails centre to centre -1743- mm,

Four rails for positioning transformer starting from inside of the transformer
foundation till end of the road with foundations needed, and all required facilities,
foundations...needed for the transformer are the designer responsibility such as
( Tifour foundations — Jacks foundations —Earthing ........ and not limited to ).
Design for any needed R.C cable trenches with detailed drawings .

1.3- STANDARDS AND NORMS :

All equipment shall be designed, manufactured and tested at works and on site in
conformity with the lasted applicable IEC standards.

Whenever IEC standards have been issued, Tenders shall state the available
applicable standards or norms to be followed in the design, manufacture and
testing of such equipment and shall enclose an English copy of them.

Tender documents shall include a list covering all standards and norms to be
applied for manufacture for each equipment, instruction, installation and testing.
The Tenderer shall also specify the testing procedure to be carried out, keepmg in
mind that the testing procedures in these specifications are stated only as a
minimum.

1.4- SITE CONDITIONS:

The climatic conditions of the site are subtropical.
The tropical climate prevails in summer and temperate climate in winter

-maximum ambient temperature . +45 °C

-minimum ambient temperature - -5 °C for indoor equipment
:-10 °C for outdoor equipment

-maximum wind velocity : 35 m/s

_rmvatratliver wrind direction : north_west

lity, maximum : 50-60%
: <1000m



1.5- TES]

Unless otherwise specified or approved by PETDE, all equipment shall be tested
according to the IEC standards. The tests described in the different sections of this
book are given as a minimum and are not restrictive. If some type tests have been
already affected by an independent testing authority the type test certificates shall
be enclosed with the tender.

The Contractor shall provide the PETDE with a schedule of proposed tests to be
carried out together with three copies in English of all testing standards and
procedures at least two months prior to the testing date so that the PETDE
representative may witness the test. The Contractor shall make as many tests as, in
the opinion of PETDE, can be made together.

PETDE will delegate engineers for each part in the suppliers country to witness the
tests at work.

All instruments to be used for testing shall be calibrated by a recognized and
approved laboratory. The test certificates shall bear the details of calibration.

The acceptance of the Contractors tender including his design, drawings and
specifications shall not bind the PETDE accept any of the contract works or
equipment until they shall have passed the tests prescribed and have been approved
by the PETDE in writing.

In case of failure any test the Contractor shall not be entitled to any extra payment
or extension of time,

The expenses of all tests and all apparatus, instruments and connections required
for the tests shall be born by the contractor and shall be included in the prices.
Three copies of the Contractor’s records of all tests shall be furnished to PETDE.

1.6- DIAGRAM AND DRAWINGS TQ BE SUBMITTED WITH THE TENDER:

Complete sets of detailed dimensions drawings and catalogues for transformers
and accessories as well as layout and sections for foundation shall be submitted
with the tender as a part of the tender documents.

1.7- DRAWINGS TO BE SUBMITTED BY CONTRACTOR FOR APPROVAL:

The contractor should submit to the PETDE for approval detailed design and
relevant drawings of the various part of transformer and equipment together with
the calculations justifying their use as soon as possible after elaboration of the
contract and in any way not later than one month from coming into force of the

contract.
T oval of said drawings should be obtained before starting the

»f any part of the equipment. In any case, the manufacture of any part
sole risk and expense of the contractor if it is executed before receipt
pro*-~!



The Contractor shall supply during the execution of the works such further
drawings and/or samples as may be required from time to time from the PETDE.
As built drawings should be submitted at most one month before provisional
acceptance certificate.

1.8- COPIES OF CONTRACT DOCUMENTS :

The Contractor shall submit in English to the PETDE:

a- Duplicate of approval samples.

b- 15 complete sets of final drawings (paper print copies), maintenance, and
operating instruction schedules giving at least full particulars of the following:

¢- Dimensions - Power, type, etc.., of transformers and their equipment supplied
under this contract.
-4 sets of complete maintenance and operation instructions for all parts of the
transformers.
-4 sets of all catalogue and pamphlets mental parts of the transformers.

1.9- REJECTION OF MATERIALS AND/OR EQUIPMENT AND THEIR

REPLACEMENT:

If during inspection, tests at work or at site carried by or supervised by the PETDE,
any material or equipment proved defective or not manufactured according to the
specification agreed upon, the PETDE shall have the right to reject such material
or equipment if not convinced that it can be satisfactory repaired. In such case the
Contractor shall be obliged to replace the defective material or equipment without
being entitled to any extra payment whatsoever or to any extension of the time of
completion.

1.10- GENERAL REQUIREMENTS:

1-Contractor is requested to submit ISO certificate for manufacturing of the
equipment.

2-Contractor is requested to offer his experience for manufacturing 400/230 kV
transformers and equipment.

3-Contractor is requested to enclose in his technical offer schedules for
transformers and equipment and spare part without prices and addition to that
with prices which will be enclosed with financial offer.

A-Vacuum on load tap changer for all Power transformers are requested, and the
tenderer shall provide in his offer a reference for the manufacturer of OLTC.
The manufacturer of the OLTC must have an international field experience.




6-The OLTC and all equipment related to the OLTC shall be manufactured by MR
company ( Germany made ) & supplied by the original OLTC manufacturer
from west Europe countries , License Products etc. are not acceptable .

7-The radiators of the Auto transformer shall be tank mounted , connected directly
to the tank .

8- The existing power supply system for protection system in the substations is

220VDC (nominal).

9- Oil handling and test equipment in vol.3 item 27.18 isn’t required .

10- The Power and Earthing Transformers shall be of well-known western brand or
from qualified manufacturer are working in Syrian Grid and have been
effective and obtained well received and have well reputation to work in
Syrian Grid.

Please note that the westem brand manufactured in Developing economies
country is accepted.

Otherwise, power Transformers from other manufacturer need to be qualified.
PETDE will have the right to request type tests (short circuit and load tests)
from the contracting firm.

The manufacturer of OLTC should be MR Germany origin, other manufacturer
subject to rejected >

11- Firefighting equipment in Vol.3 item 27.17 isn’t required .

12- Sound level for power transformer 400/230/20 kv without coolers should be

<=70 d B.

13-Fixed loss at 75 C and nominal ratio at OFAF(C.M.R)rating <= 65kw.

14-Load loss at 75 C and nominal ratio 400/230 kv (HV/LV) at

OFAF(C.M.R)rating <= 375kw.

1.11- Bidder and Manufacturer Qualifications:

Bidders should submit the following qualification documents for the manufacturer
firms:
» Manufacturers' experience in designing and manufacturing of Power and Earthing
Transformer for similar voltage level and rated power (activities and years of
experience).
» Manufacturers' quality certificates (ISO).
* Manufacturers' annual production capacity.
» Manufacturers’ quality assurance.
» Manufacturers' quality assurance plan.
» Certificates and test reports (short circuit and load tests) for similar types (voltage
levels and rated power) from intemational independent laboratories.
only valid certificates and test reports from one of the following :
( KEMA, KEMA-KEUR, DEKRA or KINECTRICS) labs will be accepted.
“ley customers for the manufacturers of Power and earthing transformers during
15t five years including addresses and contact details.



Requirements for the manufacturer:

The Power and Earthing Transformers shall be of well-known western brand or

from qualified manufacturer are working in Syrian Grid and have been effective

and obtained well received and have well reputation to work in Syrian Grid.

Please note that the western brand manufactured in Developing economies country

is accepted.

Otherwise, power Transformers from other manufacturer need to be qualified.

PETDE will have the right to request type tests (short circuit and load tests) from

the contracting firm.

The manufacturer of OLTC should be MR Germany origin, other manufacturer
B ejected >
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27. - TRANSFORMERS AND REACTORS
27.1 - General

Transformers and reactors shall comply with IEC 76, IEC 289 and with the requirements of this
specification.

All windings of the transformers shall be capable of withstanding short citcuit for the periods of time
specified in I[EC 76 when operating on any lapping position, including that corresponding to minimum effective
impedance, with the fault current available at the terminals as stated in the Schedules.

Irrespective of the direction of pawer flow, all transformers shall be capable of operating continuously
without injurious heating when delivering the specified winding currents under conditions of continuous operation
with voltages higher than tapping voltages, as stated in the Schedules.

The studies indicates that the 400 kV systern will be characterised by high Temporary Overvoltages
{TOV's). The voltage-time profile of these TOV's is indicated in Schedule D Part I and a typical voltage wavelorm
is included. The design of the transformers and reactors must take into account the presence of such TOV's and
the Contraclor must guarantee that the life of the transformers and reactors will not be significantly shortened if
subjected to overvoltages of the voltage-time characteristic detailed.

The design and manufacture of the transformers, reactors and auxiliary plant shall be such that the noise
level is a minimum and that the level of vibration does not adversely affect any clamping or produce excessive
stress in any material. Noise levels shall be measured in accordance with IEC 551. The maximum acceplable
level is 70 dB.

If required by PETDE, the transformers shall be subject to vibration tests. The magnitude of vibration of
the reactor tanks, coolers and pipework shall be messured by scanning the vibrating surface with calibrated
transducers.

The transformers and reactors shall be designed with particular attention ta the suppression of harmonic
currents, especially the third and fifth, so as to minimise interference with communications circuils.

The transformers shall be designed to ensure that leakage flux does not cause overheating in any part of
the transformer.

The transformers shall be designed to operate satisfactorily in parallel when in the same tap position.

Guaranteed maximum values of no load and load losses and auxiliary loss (input to cooling plant) are as
given 1n the Schedule of Requiremenis . For the purposes of tender evaluation these losses are capitalized using
the rates given in Schedule of Requirements and tenders are assessed on the basis of capital cost and cost of losses,
The accepiance, after manufacture, of transformers or reactors yielding losses higher than the guaranteed values
shail be governed by either of the following:-

a. Transformers or reactors having component losses in excess of guaranteed values but  within the
tolerance permitted by IEC 76 Part 1 shall be accepted subject to fuil compliance with all technical p.







17.4 - Windings

Winding insulation and all non-metallic material used in winding stacks shall be so weaiew that no tiiher

shrinkage shali take place afier assembly.

Coils shall be constructed to avoid abrasion of the insulation, (eg on fransposed cuaductursi Cosing lor
ihe capansion and contraction set up by changes of temperature or the vibration encountarcd during normi
aperation, The insulation on the conductors between turns shall be of paper.

The windings shall be designed to reduce {o a minimum the out-of-balance lwces indireon i i
sanstormer.  Tappings shall be arranged at such positions on the windings as will prescry e it i s possibe,

clectro-magnetic balance at all voltage ratios.
Tappings shail not be brought out from the inside of a coil nor from intermediate 1.

The windings and connections shall be braced to withstand shocks which mar vecur derive auirss i e

cue i switching or other transient conditions during service.

Where the yoke supporting channels are adapted for taking up shrinkage in the winJings the e g on
=halt be such as to throw a minimum amount of stress on any core bolt insulation,

1f the winding is built up of sections or disc coils, separated by spacers, the clumping worupwc weass =hal
v osueh that equal pressure is applied to all columns of spacers. Al such spacers shall bo seoneen focired an

shall be of suitable material.

27.5 - Internal earthing arrangements

All metal parts of the transformers and reactors with the exception of the individual com kuninuthore cor.

"1 and associated individual side plates shall be maintained at some fixed potential.

The magnetic circuit shall be earthed to the clamping structure at one point onis through ©reyoabis linh
wih o captive bolt and nut, accessibly placed beneath an inspection opening in the tank cover. Fhe conpectom 1o \
e {ink shall be on the same side of the core as the main earth connection, and taken from the cairene sdoe ot .
vy vohe in close proximity to the bridging pieces. Alternatively the core earth connectivon miay by bk i
Jdimaugh a bushing for earthing to the outside of the tank, in close proximity to the main suav climpine 4 ucture

vurili point,

Where coil clamping rings are of metal at earth potential each ring shali be connccted iv. the wdicent core
clumping structure on the same side of the transformer or reactor as the main earth conncetion.

The main yoke clamping structures shall be connected to the tank body by a coppur sivop o at the
Wi o the tank. If there is no metal-to-metal contact between the top and bottom clamping structire. the Bt shatd

be carthed.
Core clamping structures having an insulated sectional construction shall be prosidod vwith oosepa

v each individual section,
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All earthing connections with the exception of those from the individual coil claning rings st e o

wisesectional area of not less than 80 mm?.  Connections inseried between lamimitions =null iy 4 oitisee

~egiionad area of not less than 20 mm?2,
27.6 - Tanks

Transformer and reactor tanks shall be of welded steel and designed to allow the complete trasimr o
seavlor, when arranged for transport, to be lified by crane and transported without oversiraining wny ot ated
s thoui causing subsequent leakage of oil. Each tank shall be provided with a minimuin oi Uowr fichag luge, s
cranle the transformer or reactor, compiete with all tank mounted accessories and filicd with wils o o dubven o
fiovered by jacks. The jacking points shall be not less than 300 mm above base level for frans)or masses aiv
11 wmnes and not less than 700 mm for greater ransporl masses. Facilities shall also b provided to enacic ihe
o wsioemer or reactor to be hauled or slewed in any direction,

The base of each tank shall be so designed that it will be possible to move the compduw vunsl pnner or
reacior in any direction without injury on rollers, provided with adaptable roller bearing pads. e veloron usi be

.+ wnped so that they can be wmed through an angle of 90 degrees when the transformer is juchua-ti divs o

ik
sl

The gauges must be as follows:

- Rails according to din — $49

- Rails — Gauge ~ 1676 — mm.

- Rails centre to centre - 1743 — mm.

- Four rails for positioning transformer starting from inside of the transformer loundation Wil vie ) the

road with foundations needed. and all required facilities. foundation .. necded for i ¢ irinafonee e
the designer responsibility such as (Tifour foundations — Jacks foundation- ot o owae Ao
limited o).

Precautions shall be taken to prevent corrosion between the base or underbase of tenks < 7 sdowmn 1 Wlha:
vunsruction and the concrete plinth on which they are finally positioned.

The main tank body, tap changing compariments, radiators and coolers, shall cavhi oo eapar v,
withstanding, when empty of oil, the vacuum test level as specified by IEC. The plate ke tioe the G037 -ide
<l be 2 minimum of 8 mm.

Tank stiffeners and mounting brackets shail be continuously wclded to the tank.

Wherever possible, the transformer or reactor tank and its accessories shail be dusignod withon pociels
whereln gas may collect. Where pockets cannot be avoided, pipes shail be provided to vont the pus it 1o e naain
-~pansion pipe. The vent pipes shall have a minimurn inside diamcter of 20 mm snd. it nowes i ot be

~rected against mechanical damage.

All joints other than those which may have to be broken shall be welded. Caulicirz ot Jeiaive weldal
;eints will not be permitted. Such defective joints may be re-welded subject to the written apinvn w G/ PE T

Tank covers shall not permanently distorl when lifted. Inspection openings vt wipic size ~hail be
provided to give easy access to bushings, for changing ratio or winding connections. and foi tosiing U

connections.  Inspection covers shall be provided with liftina handlac Tho oot oo e










- 27.7-

Each transformer and reactor tank shall be fitted with the following:-
| One 100 mm valve at the top and one 100 mm vaive at the bottom of the wank wounwed aiomialiy
~ypasite each other, for connection lo oil circulating and oi! filtering equipment.  The lnver v o be 1l
Juwclon as a drain valve,
I» An oil sampling device at the top and bottom of the main tank.

¢ All parts containing oil, and liable to trap air during filling, shall be fitted with o 1hrieed oe o refoea
~tug at their highest points.

27.19 - Cooling plant

Transformers shall have ONAN/ONAF/OFAF cooling and facilities shail be prosvided a the mosialling
stk or cubicle for the selection of AUTOMATIC or MANUAL conurol of the cooling plant momors.

Reaciors shall be ONAN cooled.

Transformers shall be fitted with two cooling banks each capable of dissipating 50 per cont ¢l 2 dessas ot
cunhpudus maximum rating. Transformers shall be capable of remaining in operation . 1! o tor 0 siiovies i
-vent of failure of the cooling fans and for 10 minutes in the event of [ailure of the il circulating pump vithon ihe
satvidaved winding hot spot temperature exceeding 150°C. Failure of one fan in each group of o shall vot redune

A continuous maximum rating of the transformer.

Radiators and coolers shall be designed so that all painted surfaces can be readils cleanud ol subsegieniy

muinted In position.
Radiators should be erected at the transformer tank.
Plugs shall be fitted at the top and bottom of cach radiator for filling and drainivg.
Mal-operation of gas and oil actuated relays shall not occur on starting or stopping «f lore il e “atien

The oil circuit of all coolers shall be provided with the following as appropriate 16 tiph nwnild on o raiue
bk coolers:-

! A valve at each point of connection to the transformer or reactor tank.

A valve in the main oil connection at the bottom of each cooler.
Loose blanking plates to permit the blanking off of the main oil connection to the top o) cueh couler,

o A 100 mm oil filtering vaive at the top and bottom of each cooler, the bottom vubvo St ol o bone o o o

drain valve.

A thermometer pocket fitted with a captive screwed cap on the inlet and outlet vil branches ol vach ooy

5

i Visual oii flow indicators in the pipework adjacent to the coolers. In the event that rals will alie wr ol e
o oil fiow under ONAN conditions a differential pressure gauge of approved dseio- -t .
comrteeted across the pumps, as an alternative,
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i e material of the tube plates and tubes shall be such that corrosion shall not take place due 1w galsaric action,
Drain plugs shall be provided in order that each section of pipework can be draincd indopendentiy,

Each forced oil cooler shall be provided with a fully weatherproof motor driven il pums the ot
shafl be of the submersible type. It shall be possible to remove the pump and motor fion: the il cireui vidwn:
I ing to lower the level of the oil in the transformer or coolers.

Where forced air cooling is provided it shall be possible to remove the fan, complete with iis s !
sepparting structure without disturbing or dismantling the cooler framework or pipewort.

Wire mesh guards galvanized after manufacture shall be provided to prevent aceldenia! coitiaet wit fl
ran hiades. Metal guards shall also be provided over all other moving parts. The guards shell be Jesiarod - e
that neither the blades nor other moving parts can be touched by a Standard Test Finger 1o 1100 32w

27.11 - Cooler control

Each motor or group of motors shail be provided with a three-pole electricaily oporzied vosientor Ll

with control gear of approved design for starting and stopping manualiy.

Where forced cooling is used on transformers, provision shall be included under i contois for
automatic starting and stopping from conlacts on the winding temperature indicaiing <doivws, Vo ocenircd
cyuipinent shall be provided with a short time delay device to prevent the starling ol nwre b oo meror. o
sroup of motors in the case of multiple cooling, at a time,

Where motors arc operated in groups the group protection shall be arranged so tiat it vzl vrerate
satistuciorily in the event of a fault occurring in a single motor.

The control arrangements are to be designed to prevent the starting of motors totailing mwe g i3 kY

siimultaneously either manually of automaticaily. Phase failure relays are to be provided in ihe muin conlor supnis

vireit,

All conlacts and other parts which may require periodic renewal, adjustment or Tnspection shull i cdil

aveessible,

All wiring for the control gear accommodated in the marshailing kiosk together with wil avcessio Luble
“ones und terminations and all wiring between the marshalling kiosk and the motors shwll he ucluced &l

JURTTHLCL.

L I ~

Two ir -
cordngency is
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All equipment shall be suitable for operation within the limits 85 per cent - 110 por conl of the o liar
~vhiape supply.

On each transformer the voltage transformer supply to the voltage regulating relay shult e monitored For
frertial or complete fajlure. IF the circuit breaker controlling the lower voltage side of the trunsformuer i uper or

+.hen the tap changer is on other than automatic control then any alarm or indication should he mude oot

Requirement for remote adjustment {supervisory/telccontrol} of the AVC setting » oltae wil he deiined
i1 aceordance with the particular scheme. Relays equipped to accept electrical signais w1 conuol e acanul sl
point 1eg drive stepping motors to alter rheostat position or input digital signal to reset level detecton ciey <huil I
c.pable of set point adjustment in steps not exceeding 1 per cent.

TSI I

For relays having a manually adjusted setting. means shall be provided to allow remewe o
invernosing relays having contacts available to enable the cffective setting to be altered by uiterag the aw e

voltuge (eg by switching resistors in the relay input measuring circuit).

27.13 - Disconnecting and sealing end chambers

Where cables for 11 kV and above are terminated in a cable box, an oil filled disconnceting chamaevr itk
~onun able links shall be provided for testing purposes. The disconnecting chamiber sGall Do wupanic o)

withstanding on site the cable high voltage test level in accordance with [EC 55 anmd t €7 14 s appropinte
Diring the test the links in the disconnecting chamber will be withdrawn and the transiortner o recctor winding.
carthed. A barrier shall be provided on both sides of the disconnecting chamber to prescmt ingross ol the ot ey

*r [:Nling the chamber into the cable box or tank.
Where sealing end chambers are provided, the disconnecting chamber may be vmit.ed sk the jveiitios
fir testing shall be provided in the sealing end chamber itself: a barrier shall be provided hetweun tie sea’ing vnd

chismoer and the main lank.,

Disconnecting and sealing end charnbers shall be suitable for oil filling.

CE e

Provision shall be made to allow for the expansion of the filling mediumn and drain dags

shall be provided for enabling the filling medium to be removed.

(ST AR N

The discennecting or sealing end chambers shall have a removable cover and the design o7l ol b
shut! be such that ample clearances are provided to enable cither the transformer or rovctor o
-ubjected separately to high voltage tests. The disconnecting links shall be Mexible or Rexibin attaviwed ar e s

The eil level in disconnecting or sealing end chambers shall be maintained from the i cormsein aic,
tank by means of a connection to the highest point of the chamber and this connection shull be crntoled by o
valve.

An earthing terminal shall be provided in each disconnecting or sealing ead ciber L

wvnnections from the translormer or reactor winding can be earthed during cable testing.

Terminals shall be marked in a ¢lear and permanent manner.
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£7.14 - Temperature indicating devices, alarms and gas and oil actnated refays

27.14.1 - Temperature indicating devices and alarms. Oil temperewre indiceuny Jovices,
»halt b fitted with alarm and trip contacts,

Winding temperature indicating devices shall indicate the temperature of the hotiest spot ul the wirding
4ne o shall have a load-temperature characteristic approximating to that of the main wimdinz. N wed wrip

coniracts shall be provided.

Alarm contacts of oil and winding temperature indicating devices shall be udjusiable over o nowe of
oty ("o 110°C and trip contacts adjustable over a range of 80°C to [50°C. Alarm and wip coneers
2itable for making and  breaking 150 VA at 0.35 power factor, between the limits oi 30 wne 750wl oo o

~eesking 150 YA and making 500 YA between the limits of 110 and 250 volts de.

1
shotd e

For transformers having or being suitable for mixed or forced cooled ratings whwthor U Joreesd con o i,
- b supplied initially or at a later date, an additional confacts shall be provided to autewmutioms covie. o

“reed cooling plant,

Temperature indicating devices shall incorporate a dial and a pointer indicator an. o wparse somicr i

c:gaster the maximum temperature reached.

The capillary connceted sensing bulbs of temperature indicaters shall be posiioned i sopsic st

rockets arranged in the top oil.

Y -\iﬂ; b

Where winding temperature indicators are specified they shail be associated voith s -
su-v 0f auto-transformers there shall be separate indicators for the series and common winiding.,

The winding temperature indicating devices shall be so designed that it shall he posar-lo o mes e e
~alters by hand for the purpose of checking the operation of the contacts and associate:d couipes it Tl ool
mits ! the instruments shall be made visible by the provision of cut-away dials and glass fronied con o

The characteristics of the winding teinperature indicating devices shall be forwurded o the P L

upproval prior to the delivery of the transformers and shall also be included in the operading nd s tonanes

S UUCTIONS.

All temperature indicators shall be housed in the marshalling kiosk or cabinet win! s i it v

that they will not be affected by vibration.

27.14.2 - Gas and ofl actuafed relays. Gas and oil actuated rela:s -inal I
instarmer and reactor and to each tap sclector compartment. They shall have alarm coutisns
cotlection of gas or at low oil level and tripping contacis which close following an oil surge.

The normally open, electrically separate, alarm and tripping contacts shall not le cunesed =

The relays shall be fitted in the expansion pipe connccting the transformer oot tanl,

colseryator
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The suxiliary winding of each earthing transformer shall have an IEC continuous rating cquan Gty
stuted in the Schedules.

Earthing and auxiliary transforrmers shail be provided with the following fitting- :-

a, One thermometer pocket with capfive cap.

b. Dehumidifying breather.

c. Filter valve and combined filter and drain valve,

d. A sampling device at the bottom of the tank.

C. Conservator vesse! with removable end cover and prismatic oil gauge.
f. Double float gas oil actuated relay.

The earthing transformers shall comply with the provisions of this Specification reiuting toothe sy
aanstormers wherever these are applicable,

27.17 - Fire fighting equipment
Transformers and reactor fire fighting systems shall be supplied where specifi-d . he o cnnctn sineat
whiere necessary make allowance for the addition of pipes, nozzles ete around the transforo.er i Fo prepared v
provide details and co-ordinate designs with the fire fighting equipment supplier.
27,18 - Oil handling and test equipment
The oil processing plant is required to remove solid matter, dissolved gases and moustuic oo, it
The oil treatment plant should be able to achieve a standard of oil purity simiter v+ et spociic ! s e
wransfurmer manufacturer for the first filling, and the rate of flow shail be suitable for filling te fanstiviers e

i spwccification but have a minimum vatoe of 9000 litres/hour.

The flow rate shall be variable. but when adjusted it should be sieady, coutiaumu- wid wabou ¢ i
aperaiion. The degasifier and the Diter shail be abie to operate together or independentt: .

The pumps shail be rated suitably for the treatment of the required quantities o) oil st ground rever wind o
Jetiver ofl into the highest part of the oil system of the transformers specified herein.

The plant should be complete with vacuum pump, air cleaning set, cooling unie, snivabe vui-dr S iy
use with oil and all other necessary aceessories.

The plant shall be mounted on a weathomren~ @ oo
wheels.













SCHEDULE H1

Item Description PETDE Particulars
Requierments
e } Total losses at 75 "C and nominal ratio
400/230 kV (HV/LV) at OFAF (C.M.R) Kw
Load loss stated above excludes fixed loss
[3  |Tertiary winding :
a) phase to phase voltage kV 20
b} Nominal rating MVA 60
¢) Short circuit MVA available at teriary
Terminals due to specified HV and LV
System fauit levels,
[ 14 [Typeof winding and polarity
a) HV windings
b) LV windings
¢) Tertiary windings
15 | -Impedance voltage at 75 * C and normal ratio and 400/230/20
a) Between HV and LV windings %| 15 (Base 300 MVA )
b} Between HV and tertiary windings %| (Base6OMVA)
c) Between LV and tertiary windings %| (Base 60 MVA)
~Impedance voltage at 75 * C and max tap and C.M.R 420/230/20
a) Between HV and LV windings %
F} Between HV and tertiary windings %
c¢) Between LV and tertiary windings %
-Impedance voltage at 75 * C and min tap and C.M.R 340/230/20
a} Between HV and LV windings %
b) Between HV and terfiary windings %
¢) Between L'V and tertiary windings %
16 [Regulation at 75 " ¢ and rated MV A at of normal
voltage
a) HV windings %
b) LV windings %
*7  |Average winding temperature rise above
maximum 45 * C ambient by resistance
measurements at CM.R OFAF °C 60
Hottest spot temperature at C.M.R °C 115
Load required by transformer air blast coolers KW







SCHEDULE H1

Item

Description

PETDE
Requierments

Particulars

20

fault condition at rated MV A and voltage .

Zero sequence impedance under line to ground

a } Measured from HV (LV open) ohms
L_b } Measured from HV (LV short-circuit) chms
¢ ) Measured from LV (HV open) chms
d) Measured from LV (HV short-circuit)
21 |Basic insulation withstand voltage kv peak ;
(1.2x 50 peac )
| a) HV winding kv 1425
b) HV bushing kv 1425
¢) LV bushing and winding kv 1050/950 ]
| d) Neutral bushing and winding KV 6501550
¢ ) Tertiary bushing and winding kv 125
) Switching surge voltage KV ( peak ) kv
"-HV winding kv 1050
- HV bushing kV 1175
22 (Power frequency withstand - kv (R.M.S) kv
a } HV winding kv 570
b)LV winding kv 395
¢ ) tertiary winding kv 50
d yHV bushing kv 630
€ )LV bushing kv 460
Tertiary bushing kV 50
23 1No of coolers or cooler units per fransformer
including spare unit (radiators) Naos
24 |Air blast coolers on transformer tank (fans) - o
Total number Nos
25 |Fan /pump motor details:
a)Total number Nos /
b) rated power {each) Kw /
c}full load current A /
mtage v /
) Type /
F} Starting current A /
_Efﬁciency i
At 0.8 power factor
a)At full load

b) At % full load




SCHEDULE H1

Item Description PETDE Particulars
Requienments
¢) At ¥z full load
d)At ¥ full load |
27 [Sound tevel o
a) With coolers dB <75
b)Without coolers dB <70
28 |Radio interference voltage at 15 m-ds
Above one microvolt dB/V
29  [Type and thickness of steel core laminations o
30 |Maximum flux density Weber/ ]
31 |Maximum current density A/mm2)|
32 |Thickness of transformer plates:
a)Tank caver mm
b) Side mm
c)Bottom nm
d)Air blast coolers plates (radiators) mm o
33 |Limits of tolerance for all guaranteed values
a)Lmpedance voltage -+%
b)No load losses 4%, I
aLoad losses +%
34  |a)Winding temperature rise by resistance
Above 45 'C ambient tetnperature °C < 60
b)Top oil temperature rise by thermorneter B
Above 45 'C ambient temperature °C <55
35 |Muitiration Bushing current transformer details
a)Ratio
Primary A
Secondary A
B)—Afccuracy class
c)Rated burden VA
d)Quantity NOS
36 |Bushing capacitance tap details:
a) Ratio secondary tension A N
J)Acouracy class
“Rated burden at 50 HZ Y -
l)Quantity—c:f secondaries o
- asbility to withstand short circuits and duration
a)y H.V winding _ KA/2sec
b) L.V winding KA/2sec
c) Tertiary wind'u_lg KA/2sec




SCHEDULE HI

Item Drescription PETDE Particulars
Requierments
c} At ¥4 full load
d)At Ve fullload | T
27 |Sowndleve 0 1 i
a) Withcoolers B dB <75
b)Wlthaut coolers S T aB <70
28  |Radio interference voltage at15m-ds -
Above one icrovolt dB/V
29 ?y—pehgld thickness of steel core laminations e ]
30 |Maximum Aux density ~ Weber/| T o
_- —3_1__- E@_in;u@rrent density—* A/mm?2 ] o
32  |Thickness of transformer plates:
ayTank cover o mm >28 -
b)Side  mm| 212
Botom mm| 230 |
d)Alr blast coolers plates (radxatorg_ T mm| =12 T
33 |Limits of tolerance for all guaranteed valuess | |
oLmpedance voltage ~%
b)No load losses T % -
c)Load losses %
34| a)_Wdeg_t;mperatEE rise by re resistance I
Above 45 "C ambient temperature °C <60
}Top oil temperature rise bﬁ]gmomet; I T
Above 45 'C ambient temperature °C <55
35 )Multiration Busl:u_n_g_al;rgnt transformer details -
ajRatio i o
Primary A N
Secondary Al
b)Accuracy class T R
c)Rated burden vA(
dHQuanity  wNos|
" 36 |Bushing capacitance tap details: o o
éj—ﬁil_;secondary tension - A
b)Acouracy class e
¢)Rated burdenat S0 HZ W I
d)Quantity of secondaries -
++ (Ability to withstand short circuits and duration o
a) H.V winding o o _LKéiZsec o - B
b) L.V winding |KA/2sec
EngEl;r_y winding B - T KA/2sec) -







SCHEDULE H1

1.2- STATION SERVICE TRANSFORMER 20/0.4 KV , 400 KVA

Item Description PETDE Particulars
Requierments
Station service transformer combined with earthing transformer:
—j:_ 6@@?@@5 (attach sket_c_hEs_s)_ ~—_ -—_ mim :ﬂ____ :_ ____4_~:
2 |Net weight of transformer:
ajcore /coils kg o -
byank/ fittings kg /{7
il - B kg - |
B I N - -
e)Volume of oil M3
3 |Shij Shipping we1ght {metric tons) T
"4 [Continuous ONAN mated capacity WAl 4w |
5 |Vector group ZNynll
6 |Typeofcooling [ onaN ()
7 |Off-circuit taps— T i o
a)range on increasing step % 2 -
QEn&?nGéaeasinggg S % 2
c)size of steps w 25 |
8 (Primary rated voltage kv 20 |
9 |Highest primary voitage e
__—ifz §(%o;ﬁ_z;y_\ Jtage (phase to phase) ________——_ ‘ﬁ C 400 _:
11 {Short time earth favlt current (3sec) A
12 |tmpedance % o
e Exciting current o - T
~ [@atrated voltage Al -
b)at 110% rated voltage Al -
14 (Transformer losses:  Kw| |
(Shaﬁbe—sgta gﬁﬁmﬁh‘wiﬁany tolerance on
Fixed loss at 75 'C and normal ratio at ONAN S
Rating KW
Load loss at 75 'C and normal ratio at ONAN T o )
Rating Kw
Total loss at 75 'C and normal ratioat ONAN [~ ¢ T
Rating KwW

12

Load loss stated above excludes fixed loss

Type of windings and polarity:

2HV windings

-By description and drawings

BILY windings




SCHEDULE H1

ltem

Descripiion

PETDE
Requierments

Particulal

16

22

23

24

d) at % furil foad

Impedance voltage at 75 "C normal ratic and

continuous maximum ratmg {C.M.R)
Between HV and LV w windings

Voltage and C.M.R

Impedance voltage at 75 C and max .ratio

Voltage and C.M.R

b)at 0.8 laggmg power r factor

Between HY and LV windings

Impedance voltage at 75 "C and max Jower

Between HV and LY windings

Regulatton at 75 'C and rated MVA at of normal voltage

a) at umty power factor

——

S N

]

Hottest spot temperature at C.M.R

a) ) HV wmdmgs
b) HY bushing

[Measurements at ONAN rating

Average winding temperature rise above
Maximum 45 "C ambient by resistance

Zero sequence impedance under line to
Ground fault condition at rated MV A and
Voltagc between HV and LV wmdmgs
B.LL- kvpeak (12%50 ,u'c)

i —
°C

ohm 115

c) LV bushmg and wmdmg

2) HV winding

b) LV winding

c) HY bushmg
dHLV bushmg

d) Neutral bushmg and wmdmg

Power frequency wlthstand

kv 125

kv

kv
kv

EFFICIENCY:
a) at full load

b) at % full load
c) at % full load

25

kv
kv

Type of steel core laminations

Maximnm flirv Aaneii.

|
i




SCHEDULE H1

Ftem Description PETDE Particulars
Requierments
27 Eli_clErEs of transformer plates: 1 | -

a) Tank mm
SR e
¢)Bottom = p e — -
d) Radiator plates ~___ _wm

28 |Limits of tolerance for all quarantine values B
a) Impeda_nf:e voltage o o +- ~_
b) Core loss B =l _"TL -
c) Load loss R

29 a_)ﬂiﬁg temperature rise by the S S
thermometer above 435 °C ambient temperature °C 60
b—)_ﬁ;cmemperature risggyﬁermometer o -
Above 45 C ambient temperature - °C 55

30 [Current transformer details T

>400/1-20 VA
C:5Pi0
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SCHEDULE H1

[.3- ON - LOAD TAP CHANGER

ftem Description PETDE Particulars
Requierments
Manufacturer's name MR Germany
L B S
3 [Standard specification applied IEC 214
4 |Rated voltage Kv| 300 1 o
"5 (Maximum rated through - current Al 600 -
"6 |Numberoftaps + +5-15 -
7 |Ratedstep voltage - v 3300
8 |Breakingcapacity  MVA
9 |Tapping range (in %of rated voltage) ~ +% o -
0 Topg gt |
11 [Position of tappings in winding
" 12 |Winding connection T Avtestar | -
13 |Insulation levels -
a) power frquency withstand volitage KV 460
| Imputsewitwandvolge Kyl o0 |
|4 Maimun short-cireuiteurent KA BKA/3wee |
15 |Rated cuirent at lowest position of OLTC A
16 |Permissible durationof | -
overloading at : 50%
a) 10 % overload
b) 20 % overload
c) 30% overload
d) 40% overload
e) 50% overload
~ loverloadingat:  100% o -
a) 10 % overload
b) 20 % overload
¢} 30% overload
d} 40% overload
e) 50% overload
" 17 |Number of on - load changeovers without changing of No|
18 |Number of switching operation after whicha ~ No. o

'n

™ -
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SCHEDULE HI1

1.4- BUSHINGS FOR TRANSFORMER IN ACCORDANCE WITH CAPACITY

FOR 400, 230, 20 kV (if any)

Item Description PETDE Particulars
Requierments
1 nsulator bushing material Porcalain
2 |Type 1 1
3 Manafscturer/ Cowny T T T
4 |Length of insulator (overail) M
B T B SR
6 |power frequency withstand voltage KV
7 |impulse withstand voltage v B
T8 |Weightof complete bushing K| 1
9 |Applied standard specifications }_—mﬁ?—_ T
10 (Creepage distance Tl

Acce?aﬁ:fe—n]g&:aad N

“As per [EC 60137




-h1.10-

SCHEDULE H1

1.5- ELECTRICAL INSULATING OIL

Item Description PETDE Particulars
Requierments
1 Manufacturer's name
2 [Type - IR
3 Bfand . e o
4 |Disruptive voltage KV 60 .
5 l/_ig(_)sity: mm’/sec
- ar20°C
|- atsoC ]
jgﬁh point o C min 135
_ﬁmpoint "C | max-40
8 |Tandelta(at50HZ) 1T max 0.005
\——9—— Ash confent - R
10 Acid number (mg KOH/g) MG max 0.01 L’—‘
I N T




SCHEDULE F

No. Description Particulars
1 (SYSTEM DETAILS
1 Maximum votage kY 420
2 Rated system votage kv 400
3 Earthing of system neutral Solid
4 System frequency Hz 50
5 System X/R ratio 10
2 [INSULATION LEVEL
{ All equipment at site altitude )
1 Lightning impulse voltage withstand level , positive and kvp 1425
o negative polarity
Switching impulse voltage withstand level of
insulation fo ground , positive and negative polarity .  dry kVp 1050
wet kVp 1050
2 Power frequency withstand voltage dry kV 520
wet kv 520
3 Voltage below which corona shall not be visible kV 279
4*  )Maximun radio influence voltage level measured at
1.1 times Us/ +3at 1 MHz uv 500
5 [Minimum creepage to earth over insulation on rated
system voltage ( to IEC 815 ) mm/kV 31
6 Surface stress of overhead conductors at rated system
voltage kV/mm 1.65
3 TYPE OF SWITCHGEAR
1 Type of switchgear Open terminal
2 Installation Qutdoor
4 |SHORT TIME CURRENT CAPACITY
1 All equipment 1 second kA 40
"2 |Maintenance earthing devices, 1 second kA 40

* Us is rated system voliage

Creepage distance across the interrupter chambers shall be at least 10% greater than tl

distance to earth and shall comply with the pollution conditions of IEC 815,




SCHEDULE F

Item Description Particulars
- 5- | POWER TRANSFORMER 400/230/20kV 300 MVA
1 Rated voltage ratio kV 400/230/20
2 |Contimzous maximum rating (C. M. R)
{HV/LV ) OFAF MVA 300
3 Continuous tertiary rating OFAF MVA 60
4  (Type/Vector group (Auto delta tertiary) o 3 ph. Unit/'YNaod11
5 [Type of cooling ONAN/ONAF/OFAF
6  |Rated frequency Hz 50
7 |0On —load taps changer :
Total range % +5-15
Total No. of steps 21
o Size of step % 1
8 [Tertiary winding :
a) phase to phase voltage kv 20
b) Nominal rating MVA 60 ]
9 -Impedance voltage at 75 ° C and normal ratio and C.M.R 400/23020 kV
@) Between HV and LV windings %] =15 (Base 300 MVA)
b) Between HV and tertiary windings % {Base 60 MVA)
c) Between L'V and tertiary windings % {Base 60 MVA)
10 |Average winding temperature rise above
maximum 45 ° C ambient by resistance
measurements at C,M.R OFAF °C 60
Top oil temperature rise by thermometer T
o Above 45 "C ambient temperature °C 55
11 |Hoftest spot temperature at C.M.R °C 115
| 12 |Basic insulation withstand voltage { 1.2 x 50 p sec) kV peak
a } HV winding kv 1425
b ) HV bushing kv 1425
) LV winding kv| 950
d ) LV bushing kv 1050 -
e )} Neutral winding kV 95
f) Neutral bushing kv 95
g) Tertiary winding and bushing o kvl 125
| h) switching surge voltage
| - HV winding kv 1050 |
- - HV bushing kV 11735
13 {Power frequency withstand kV (R.M.S) o
a)HVwinding kv 610
b ) HV bushing o kV 630 N
¢ )LV winding kv 395
d } LV bushing - kv 461 .
e ) Neutral winding o kv 230 |
1) Neutral bushing kv 275
g ) Tertiary winding and bushing kv 50
14 [Multiration Bushing current transformer details
a)Accuracy class >=5P20
b)Rated burden A >=30 h




SCHEDULE F

Item Description Particulars
6- STATION SERVICE TRANSFORMER 20/0.4 KV , 400 KVA
Station service transformer combined with earthing transformer:
1 Primary rated voltage kv 20
2 Highest primary voltage kv 24
3 Secondary voltage (phase to phase) \'% 400
4  |Continuous ONAN rated capacity kVA 400
5 Vector group ZNynll
6  IType of cooling ONAN
7  |Basic nsulation withstand voltage ( 1.2 x 50 g sec ) kV peak
a ) HVY winding kv 125
b) HV bushing kv 125
8  [Power frequency withstand
a} HV winding kv 50
b) HV bushing kv 50
9 [Short time earth fault current (30sec) A 300
10 |Impedance % >=3.8
11 |Off-circuit taps:
a)range on increasing step % 2
b)range on decreasing step % 2
c)size of steps % 2.5
12 (a)Winding temperature rise by resistance
above 45 °C ambient temperature °C 60
b) Top oil temperature rise by thermometer
|Above 45 °C ambient temperature °C 55
I3 |Zero sequence impedance under line to
Ground fault condition at rated MVA and
Voltage between HV and LV windings ohm <=60

14

Current transformer details

>=400/1-20vA
{
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32.28.3.1 ROUTINE TESTS

a) Core insulation test for core type reactors as per section (a).

b) Resistance of windings (IEC):

¢} Current and losses (IEC):
The losses and current shall preferably be measured and rated voltige and oo
frequency. The impedance shall be determinated from the test.

d}  Inter-tumn over voltage and separate source voltage withstand test (IEC).
¢i Installation tests on auxiliary devices and wiring (IEC).

;' Mechanical test:
Such as oil level gauges, fans, pumps etc., shall be tested for proper functioning.

22.23.3.1.1 Magnetic circuit insulation (where appropriate).

a. A power frequency voltage of 2 kV for 1 minute applied as follows:-
Core bolts to core, to yoke clamps and to core leg side plates.
Core to yoke clamps and to core leg side plates,

Clamping bolts to screens and screens to earthed metal paths from which the
screens are isolated.

b. Immediately prior to despatch, 2 kV for 1 minute applied between core und carth .
A megger may be used for this test.

32.28.3.1.2 Noise level: The level of noise shall be measured in accordance with 11 351,

32.28.3.1.3 Vibration: Vibration measurements shall be taken and the level recorded siwall be
subject to approval. This test shall be carried out unless it can be shown totha

satisfaction of PETDE that the level of vibration in the reactor ane s ausi) aries -
harmless.

i T

52.28.3.1.4 Voltage/reactance characteristics shall be recorded from 50 per cerii o 100 pes com
in steps of 10 per cent rated voltage. Reactance values up to 174
voltage shall be determined by test or calculation.
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32.32 - TRANSFORMER COOLING PLANT WITH FORCED Ol
CIRCULATION

32.32.1 - Routine tests

Adr‘oil coolers - All coolers using forced oil circulation shall be filled with ofl o a viscosin net
greater than that of [EC 296 insulating oil at a temperature of 15°C and subjected to & pressure
vqual to twice the maximum working pressure at the inlet to the cooler under seryice conditions
which shall be maintained for a period of not less than 24 hours; during this time no feakage

sitalt oceur,
232.32.2 - Type tests

Une foreed-oil cooler of each type shall be subjected, when empty of oil. to that »acuunt test
tevel specified in the Schedules. There shall be no permanent deformation ur distoition of am

rart of the cooler.

32.33 - FANS, PUMPS, MOTORS, PIPEWORK, OIL SA! °*LING
DEVICES AND VALVES

#2.33.1 - Routine tests
32.33.1.4 01l filled equipment - The bodies of all oil pumps complete viith submeraed

motors, if any, and the oil pipework, oil sampling devices atiu valves shall
withstand an hydraulic pressure of 140 kN/m2 for 15 minutes.

a2 33.1.2 Fans - Static and dynamic balance shail be checked on all fan impellers.
323313 Control gear - All control gear shall be subjected to the wsis spectiied in the
appropriate [EC.
333314 Motors - Each machine shall be subjected to the following iosts where
applicable:-
a. Measurement of winding resistance (cold).
. No load test at rated voltage for determination of fixed losses.
c. An overvoltage test at 1.5 times rated voltage applied with the machine nineinz

at no load, for a period of 3 minutes, to test interturn insulatic:.
d. High voltage in accordance with IEC 34-1.

32.35.2 - Type tests

32353721 Motors - Performance tests shall be in accordance with 130 34-1 hovw ever
centificates of type tests in accordance with IEC will be accepted.

123722 Except for non-returm valves, all valves and oil sampling devices which are
subiect in service or during maintenance to oil pressure shall withstand. wher cmpty of ol
absalute pressure not exceeding 350 m bars. In the case of valves this test is to be app® &

bwady only. This type test shall subsequently be followed by a repeat oil leaknge tust.
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32.34 - OIL
32.34.1 - Sample tests

~umples of oil from each consignment shall be tested in accordance with i1C 206 hopor
desnatch,

“ubject to the agreement of PETDE a test certificate, confirming that tic vil frony which the
vunsignment was drawn has been tested in accordance with IEC 296, may be acvepied. Betore
Soammissioning any transformer, the electric strength of its oil shall be choch-tosees and the
resulis approved by PETDE.

32.35 - GAS AND OIL ACTUATED RELAYS

22.35.1 - Routine tests

e following tests shall be made on relavs when completely assembled. W here ail is refeire.
(v it shall have a viscosity not greater than that of IEC 296 insulating oil at 153°C . )

32.35.1.1 Oil leakage -

Fhe rclay, when filled with oil shall be subjected to an internal pressure of 140 KNfn= fiv
mimutes. No leakage shall occur either from the casing or into normally vil [ree spaces. such

i ﬂoats, within the casing.

22312 Gas collection:

LY

With the relay mounted as in service and at a rising angle of 3 degrees {rank o
conservator) and full of oil, gas shall be introduced into the relay untii the ges colloction
contacts close. The oil level contacts shall not close when gas is escaping freeh ivom ihe

relay on the conservator side. These contacts shall, hawever, close when the pipea ok i
empty of oil.
b. The empty relay shail be tilted, as if mounted in pipework rising from tank o

conservator, at an increasing angle until the gas collection contacts opelr. e anale of i

shall then be reduced and the gas collection contacts shall close before the angle 1< reduced

1o less than 13 degrees to the horizontal. x
. With the relay mounted at a falling angle of 16 degrees to the horizontat aou full of oit

rhe gas coilection contacts shall be open.

32.35.1.3 Oil surge - With the relay mounted as in service and full of oil at appronimiels
{3°C the surge contacts shall close within the steady oil flow limits specificd in the Scheduies.
This option shall not be adversely affected when the gas collection contacts have alraady vlosed

and gas is escaping freely.

313514 Voltage - With the relay empty of oil, a voltage of 2 kV shall be aprlicd in turn
berween each of the electrical circuits and the casing for one minute, the romuining circails
teing connected 1o the casing.

32.35.1.5 Operation - With the transformer assembled with its cooling plant a« in service.
tests shall be made to demonstrate that the relay does not operate whilst the il pump m.
~ started or stopped.




32. TESTING

32.28 - TRANSFORMERS AND SHUNT REACTORS
32.28.1 GENERAL
32.28.1.1 TESTING

Testing shall conform to the codes mentioned below, except specified other wise or approved
by the Engineer.

‘The Confractor shall provide the engineer with a schedule of proposed arrangenicnts wid wosis
prior to the testing date.

The contractor shall make as many tests as, in the opinton of the engincer. can be mude
wueether. All arrangement for the test and the methods of computing test resulls shall b
approved by the engineer. All instruments to be used for testing shall be calibiuted b .
cecognized and approved laboratory. The test certificates shall bear the dotaiis of calitnniion,
Al tests including calibration tests, may be witnessed by the engineer or his representative o
an approved inspecting authority. The equipment shall be painted after passing the tesis. M )
feast one month’s notice shall be given to the engineer so that he may witness the west.

32.28.1.2 CODES AND DIFINITIONS

The code of the IEC shall be regarded as the source of reference for definition. methods o
mecasurements, etc..

A list of theses codes are given in the general part of the specification. All tests specificd i thi-
=etion shall be performed at the manufacturers works.

32.28.2 AUTO TRANSFORMER TESTING

I'he ransformer shall be regarded tested at the manufacturers works in accordanee with wie

H-C .

In case of omission of a particular test, it shall conform to relevant ANSI or NEMA standard:

The following tests are briefly outlined and shall be carried out to the daaited instructions sct

»ut in the relevant standards. The test shall be made on the transformers and withessod by the

cngineer or his representative, but not necessarily in the order shown, except that the rutio ter .
and no-load test shall be performed before the impulse tests,

31.28.2.1 ROUTINE TESTS

a} Core insulation test:
Insulation resistance shall be measured at 1.000 volts and shall indicote 2 ininanus
resistance of 5 meg ohms during the core stacking.
k) Resistance of high voltage, low voltage and tertiary windings (IEC):
The resistance measurement shall include all taps.
<) No-Load current and no load losses test (IEC):
The NO-load cutrent and No-load losses shall be measured at rated voltage and iiequency.
d) Induced over voltage and separate source voltage withstand test (IEC)
<) Voltage ratio, polarity and phase relation-ship tests (IEC)
The voltage ratio shall be measures on each tapping.
The nalarier ~-3 -+ sroup symbol of transformers shall be checked.
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1) Load losses measurements at rated current and normal frequency (IEC)

2} Impedance voltage test (IEC):
The test shall be performed at rated current and normal frequency on the principal Lupjung .
and also on the highest and lowest value on the tapings.

n} Insulation tests on auxiliary devices and wiring (IEC).

i) Mechanical test: '
Such as oil level gauges, fans, pumps etc., shall be tested for proper functioming.

32.2821.1 The winding resistance and impedance voltage tests should also bu carricd out
the principal, maximum and minimum fapping positions.

3228202 Magnetic circuit insulation.

a. A power frequency voltage of 2 kV for 1 minute applied as {pifons:-
Core bolts to core, to yoke clamps and to core leg side plates,
Core to yoke clamps and to core leg side plates.

b. Immediately prior to despatch, 2 kV for I minute applied between core and cartin
A megger may be used for this test.

32.28.2.1.3  No load current at:-

90 per cent rated voltage.

100 per cent rated voltage.

110 per cent rated voltage.

The maximum voltage equivalent to the value quoted in the Schedites.

po o

32.28.2.1.4  Lightning impulse test on all terminals including neutral.

1252015 Dissolved gas analysis: A dissolved gas analysis test shalt bo carnied owm betior
and after a temperature rise test and before and after the scries o diclectrie st
for all windings of 22 kV and above. The tests shall be in accordance with
1IEC 567 and IEC 599.

52.28.2.2 Type tests

"o one transformer of each type)
£+ Switching surge test : [EC

The test shall applied to all high voltage terminals

- one reduce waye

- one full wave (negative).

These waves shall be applied before the impulse tests.

The wave shapes shall be as follows:

- crest voltage on HV terminal 1050 kV.
Voltage shall be mentioned above 90 percent of its peak value tor .
microseconds.




bt [mpulse tests including chopped waves (IEC):
Test values:

HV full wave 1425 kVP
LV full wave 950 kVP
HV chopped wave 1425 kVP
I.V chopped wave 950 kVP

Sequence of these test shall be as follows:

“Type test on HV and LV terminals of one transformer of each type:

- one reduce wave

- one full wave

- two chopped waves

- one full wave
The last full wave shall be applied as soon as possible stier the sccond
chopped wave,
There shall be no more than 10 minutes between the twn twsts.
For chopped wave, it shall be applied at least 3microscconds hefors
chopping.

v Radio interference voltage test (NEMA)
The test shall be performed as per section.

d*  Temperature rise test (IEC).

2y Sound level test (NEMA)
T he sound level shall not exceed the values set out in section 3.8.

Ny Ol leak test:
The tank and oil-filled compartments shall be tested for oil tightness at a proasure tanon’
measure af the bottom of the tank.
No feakage shall occur during a period under pressure of 24 hours.

-2.28.2.2.1  The lightning impulse chopped wave test shall be carried our on all windings
300 kV and above in accordance with IEC 76-3 Clause 13.

32.28.2.2.2  Transferred surge: Where transferred surge tests are required by the Schednlen
the transformer shall be tested so that with the test voltage. applicd 1o the nther
windings, the maximum surge that can be transferred to the tnloauad winding(s
does not exceed its specified insulation lever. Compliance wiih this requircrment
may be achieved by the use of external equipment connected to the unloade:!
winding and shall be proved by recurrent surge oscillogruph neasur '
comparison with the transferred voltage on open circuit.







- 32.14-

32.35.2 - Sample test
At the discretion of PETDEs, the following test shall be made:-

523521 Variation of performance with mounting angle with the mounting conditions o
1t service,  the mounting angle shall be varied within the rising angle limits | anc ¥ and s
repeated in the manner prescribed for the routine tests.

32.36 - TRANSFORMER SECONDARY WIRING

AH secondary wiring, including panel wiring and control circuits and all apparatus connecie:!
thereto shall be subjected to the following tests:

%2.36.1 - Routine tests

32.36.1.1 Voltage - 2 kV applied for one minute except where this requircmient 15 madilicd by
a British Standard, to which item the appropriate test shall be applicd.

22.36.1.2 Insulation resistance - By megger of not less than 500 volts.

32.37- OIL FILTERING EQUIPMENT

Such tests as are considered necessary by PETDE to show that the gusraitoes
particulars in the Schedules are met.

32,38 - FIRE PROTECTION EQUIPMENT

All parts of the fire alarm system, fire extinguishers and transformer 1ire protection
+vstem shall be tested in accordance with the appropriate IEC or other standards 1o the approval
wf PETDE.

22.39 - TESTS AT SITE

After the plant and ancillary equipment have been erected and connected up on site. the
Contractor shall carry out to the satisfaction of PETDE such tests as may b requived o prove
colnipliance with the specification, independently of any tests carried out ai the manufacturer's
works.

Not less than thirteen weeks before any section of the plant is reguired to onter
coinmercial service, the Contractor shall submit for the approval of PETDI: his detuiled site et
nroposals for that section of the plant, together with details of the test equinment and niethods
that he proposes to use. Subject to approval of the tests, these will be written by PET into
«h overall programme of tests, which will be issued to all directly concerped
ofarting date for the tests,





















