TRANSFORM ERS:

. t
a. Specifications: Power and distribution transformers as per BIS standards.

b. Installation: I,ociltion. site, selection, foundation details (like bolts s1ze, their nmphgr. ele),
code of practice for terminal plates, polarity & phase sequence, oil tanks, drying ol windingg

and general inspection. 5 Hm
P! ol -1 Irs

Standards, volt ratig

¢. Commissioning tests: Following tests as per national & lntcmatio_nal B
test, earth resistance, oil strength, Bucholtz & other relays, tap changing gear, fans & pumps,

insulation test, impulse test, polarizing index, load & temperature 1se test..
) 7 Hours
regulation etc, and

d. Specific Tests: Determination of performance curves like efﬁc1ency,
determination of mechanical stress under normal &abnormal conditions. 3 Hours

t tion L
.l ; r‘.)-.d.l;)(_:ower and distribution transformers are used for the purpose of power t?nsm\srsnsmltir;?
distiibution respecfively. Power transformer is one of the prime components 0 'fpo,we ceYh o
The transformetis to be operated as per the specifications for smgoth per orypaillt .m A
essential to keep the down time as minimum as possible, thereby ensuring thf: continuity e
power supply. As it is an important component of the system, gtmost care. s necessary ér s
procurement, installation, testing prior to commissioning, operation and mamtepance as.p :
code. The transformer -is fitted with various accessories, fitments and protective dcvwf:.s.s o‘r
assisting the smooth. functioning and initiating necessary actions u_nder abn(_)rmal condltlonsd
Various inspection and tests are conducted on the transformer to be mstal?ed, in the fac_tory E;T
at site depending upon the capacity of the transforimer and facilities avallgble for testing. The

transformer should be healthy in all respects before it is energized.

Standards and Specifications ' Iy
Standards are evolved to meet a generally recognized demand, taking into account the

interest of manufacturers and users and fulfilling the needs of economy. At present, a product
cannot even be visualized without a standard. A standard is a useful guide in all facets of a
product - conception, design, manufacture, testing, installation, operation, maintenance etc.

The international standards published by IEC (International Electro technical Commission) are
accepted universally. However each country has its own National standards which are based on
particular requirements and practices of that nation. Indian Standards Institution (Bureau of
Indian Standards) publishes IS standards. The manufacturers and users in India have to follow
IS standards and IEC standards. The word specification or rating denotes the assignec
numerical value of capabilities. The transformer is assigned with certain definite ratings. Thes:
assigned ratings are guaranteed by the manufacturer. These ratings are confirmed by acceptanc
test to the satisfaction of the customer. Essential ratings are marked on the rating plate fixed o

the equipment.

Need for standardization of specification:
Transformer is a job $pecific (tailor made) product and requires effort in its design a

- . o ——
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drafting, even if a sj

’ a sinele poyge . . > . _— " .
parameters of this vilﬁ‘l \D“f_tum.lur is changed. Standardization of the specification and design
deployment of availullvlt(“"D'Hcﬂl of energy transport will not only help in ensuring optimal
g > ICSOuUrces , : ; N it (Y
Efforts to standardize (rap urces but also go a long way in cconomizing the capital costs,

lormey specification have been made in different forums. The

Central Electricity A i
uthor I " Trrigati
(CBIP) specifications ar “ ‘I”y (CLEA) report and the Central Board of Irrigation and power
S are the outcome of a concerted glfort over years.

Specifications of transformers
|

] hC qpcciﬁci“i S . S S l)l) & (l ll(, l)u (.,hd SCT I hc ans
~ ()l]-‘ “anst B 1
()l l.] dl]thl “‘]Cn Sl‘lOLlld bc A‘Ll h S l() t 2 I. -Nascr. : tl'r f

is to be operated as per ificati
S 1¢ specifications in orde avoid failure. The life
transformer is increased by proper handling der to avoid failure. The life expectancy of

Standard specifications of a Power Translormer

India " . . %
n standard IS 2026 "Specification for Power Transformers" is the governing

standard on Power Trans PR e . 1 EOS
b A ialae ransformers. This has been revised time to time and is now in five parts
§ X ¢ standard on power transformers. The following information must be

gvallable with enquiry and order for the design and drafting of the transformer.
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- Type of transfi - T -
1stormer:  Separate winding - transtormer, autotransformer or booster

- . . transformer

L

Number of phases: single or }56.1.3ip:}1.ase" o
Frequency o
_KVA Rating -

Rated voltages for each winding

Connection symbol
Requirements of on-load / off-load tap changers

Impedance voltage at rated current » :
Indoor or outdoor type : S ' -
of cooling involved, rated required power for ea

Type of cooling and if different types

type of cooling.
Temperature rises and ambient temperature conditions including altitude and in case

water cooling, chemical analysis of water.

PR ————

Highest system voltage for each winding
Method of system earthing for each winding Insulation levels

Over fluxing conditions
Details of auxiliary supply voltage (for fans, pumps, OLTC, motor alarm, control).
Controls of tap changers g I

Short circuit levels of the system . -
Vacuum and pressure withstanding values of the transformer tank Noise

requirement
Number of rails and rail gauge for movement along shorter and longer axes

Fittings required with their vivid description .
Any other appropriate information including special tests if any and capitization f

for the losses.



o i i former up to and including
Specification of outdoor type 3-phase distribution translo
0 (Parl]):[989
for oil immersed, naturally air cooleq

100KVA, 11 KV: IS 118
d tests ‘
door distribution transformers.

d 100KVA.

equircments an
aled type out
ard rating shall be 16, 25, 63 an
uency shall be 501 z. e
al system voltage ahall be chosen from 3.3, 6.6 and

e oltage ratio: 3300/433-250V, 66()0/433—25.()\/' or ] 1()00/433-250“«’. .
. I\*IO and Y o s ~t"n; and vectors: The primary winding shall be connected in delta
The winding conneclion ¢ e e 2026 (part 4); ) 0 28 producc‘a
he primary to the secondary vectors of the

This standard specifies the 1
three phase, and double wound non se
KV A rating: The stand ]
Rated Frequency: The rated ll‘t.“(|
Nominal system voltage: Nomin

and the secondary winding star .
positive phase displacement of 30° from
same phase. o 4 .
j i 'ga ratings and tapping methods. The number of tapings, winding tapped i.c.
ity : be specified. The total cliange in voltage as percent of total
hange are to be specified. Egg. Total

primary or secondary are to s
voltage and percent voltage change per ta : ; : B
chanee in voltage is £10% and is achieved by changing taps .w1th 1,3 A:. per tap.

- il shall comply with the requirements (IS

The transformer tank and the transformer 0

335; 1983). ' : : hall b o
e Standard fittings: Details pertaining to the following standard fittings shall be given.
.. Earthling terminals o

. Oil Level gauge
Lifting Lugs

[ ]

. Rating and terminal marking plates

. Breather :

. .Drain cum sampling valve (3/4 nominal size threads) preferably steel with plug
~ s Qil filling hole (11/4 nominal size thread) with cover (for transformers without

A conservator). '

. Terminal arrangements

. Mounting arrangements

. Insulation Levels

. Limits of temperature rise

. Losses and impedance values

Ability of transformers to withstand external short-circuit
o Any other required relevant information shall be provided.- - -

Procurement and Installation of Transformers Inquiry:
In the initial stage of a transformer inquiry there is nothing as important as a full and

explicit statement of the total requirements that, from the users' point of view, have to be met
and from the m_anufactyrers stand point have to be conﬁidlﬁred Freque tl, Inquiries are
rece;wed giving insufficient information concerning the reklevant ldetailqs o "zlnqmr-l'es at

saving both time and trouble. The general information should be ;%iiznwiv;n;l Vil::lin(&)%

transformer enquiry.

. Planned Project
. . Requirements of Load
s Location, environn bt :
emental conditions, ambmnt_tempé‘ram ve, Taine: dis dhe
5 L6 3 i



A Trmmrmmesnvinng O Klectrical Kgquipments

. Sub-stati ; A

Oyl | llu.m Layout, system voltage and fault Levels.
. Wil engineering requirenie : - : i

. sineering requirements such as room, foundation, trenches for cabling,

ventilation aspecets ete,

. Limits of variati “the « . .
ariation ol the supply voltage and/or frequency, coli nag, earthy nag ctc.

Tenders: '

'[1]‘] 5 S ’ 1 \ “ 3 Y, N " 1 y = 1 1 o H

¢ submission of comprehensive and informative tenders is essential from all points of

'_/ £ ‘-‘\\‘ NN Mg, F ¥ \ - .
VIEW Am il P‘!‘“L-" U““U_th topfacilitate the duties ol others to the greatest possible extent. In
addmon.‘ to price. manufacturing period, conditions of payment, mode of supply. service after
s.':lle1 nmm.lgndnu .c«nn(l:ucl, essential and extra data as per the inquiry, quotations should give
the following specifications and performance.

. Type of transformer

. Type of tank

o Type of cooling i.e. self cooled, water cooled, forced oil cooled ete,

o Core loss at normal voltage and frequency

. Copper loss at rated load

8 Percentage regulation at up :

. Percentage regulation at 0.8 lagging pf (or at any other specified pf).

. Percentage impedance and reactance

» Efﬁ.cienc;y_ atup at 5/4, 1/1,.3/4, 112 and 1/4 full load.

¢ Performance reference temperature i.e. 75° C. N
sible

Ambient air temperature or assumed temperature of cooling medium, permis
overloads i.e. magnitudes and durations.

. Oil quantity ' 7

s Net overall dimensions

Net weight of core and windings, tank and oil

L ]
. Shipping specifications (for export tenders)

. Insulating medium between windings and tank i.e. air or oil.
. Primary and secondary connections v

e - Overloads |

. Locations

. Tapings used for the following purposes.

o Primary tapings to vary primary voltage

. Secondary tapings to vary secondary voltage

. Primary tapings to vary secondary voltage

. Secondary tapings to compensate for variations in primary voltage
. Details about the fittings with the transformer.

In comparing tenders, the simple and effective procedure is to tabulate the dat
submitted by different manufacturers, on a sheet, so that a comprehensive summary can b
made. Based on the price and performance parameters indicated, depending upon the priority
the organization an order shall be placed for supply of the transformer. S

Dispatch:
The transformer is dispatched by the manufacturer by one of the following methos

depending upon the size and local conditions.
/ Dried out - filled with oil, ready for service' (small transformers) .
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formers)

dium trans
ire slightly above l

al press

J/ With oi ¥ .
oil covering core and coils only (M€ 1c atmosphere pressure

\ . . . i
_.<.<::o~: oil in the tank, filled with nitrogen
(large transformers).

s like radiators, bushings, explosion vent pressure
hholz relay, conse vator, pipe work, marshalling

at in separate S

lief In majority of the cases aceessorie
relief valve, dehydrati ather. rollers, BUe :
box .:« % ar:v\_»:,_“_:m ~:f:___e_q.._s:_r,_r: qer oil is sct \Jed containers. When
x are separately dispatched. Transtorm® & . § B S
transtormers are a.?.«.:m._ﬁa with inert gas. positive pressure must be :::”&5& pﬂ:ccmrc:p the
R SPd =) o s = acke a S 5 / 3
period till the gas is replaced by oil. The transformer may be packed In u:ﬁ qo:wa.ﬁ.ccan:
; = ’ . o cas . c i n the conditions
packing and / or may be sent without packing case or crate depending 4:vo ions of
r ay f the core and windings

¥ T r >ment 0
transport. Special care is to be exercised finally to prevent _:o,.\az:. 4 large transformers. road
during transit. To send small and medium transformers trucks and larg S roa

trailers or rail wagons are generally used.

sible damages during

¢ if not found, indicates
he tank during transit.
ich indicates the amount of surface
ction should be carried out to the

be inspected for pos
d. Positive pressur
moisture entering t

Inspection upon arrival at site:
Immediately after arrival
transit. The nitrogen gas pressure
that there is leakage, and there is
This can be ascertained by dew poi
moisture content in transformer insulation. Internal inspect! e
extent possible through inspection COVCIS. particular attention should cnlnma to the
connections, bolt links, coil clamping bolts, tap changers. Current transformers and the .Mn:wqw#.
insulation. Break down strength of oil of transformer tank and Q?_Em.m.oc@zim ».Bbm,mo::mn .o:
should be examined carefully. An inspection of the transformer on arrival at site is to be carried
out preferably in the presence of the Rcamn:ﬁmaé of the manufacturer.

at site, it should
should be checke
vo,ﬁm:q::,v\ of the
nt measurement wh

Storage:
The transformers arrived at site and likely to be installed immediately do not need
nstallation, it requires proper storage to avoid influx of

claborate storage. In case of delayed i
cerable to store the transformers indoor on proper

moisture, effect of rain / dust etc. It is pref
not be drained unless there is a provision of

flooring with protective covering. The oil should

filling inert gas.
Handling: !
' The transformers are provided with lugs and shackles for the purpose of lifting. The
following means are normally used for lift nag operations.

. Overhead travelling crane or gantry crane
. Jib crane

. Derricks

o Jacks and winches

The overhead crane and jib cranes
. anes are the eni [ i
mentioned below ol s cosphied with convenient and safe means. Precautions
° Transformers should be lifted only thr ifti il
) S y through lif i
bolted in position gh lifting points ,/ Cover must always- be
. Proper balance should be maintained while lifting

Installation:
Location, site preparation and foundation details:
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The location may be i
indoor or outdoor. For i 5 i y ;
: 2 r indoor installe " e "
considered. installation, the following aspects should be
e Ventilation
e Noise level

Space required for movement, maintenance ete

Trenches for cables
Z.EE::wc_nEsznnm between the transformer and the walls should be as follows.

Clearance on all four sides of wall: 1.25 m
Clearance on all three sides of wall: 1 m

Cledrance on a wall on backside only: 0.5 m

The clearance of 0.5 m (minimum) should be provided between the top most point of the
conservator and the roof.

Ventilation area: The ventilation area required is as follows. ,

Outlet: 2m2 per 1000 KVA
Inlet : 1m2 per 1000 KVA minimum

‘Indoor transformers having oil capacity of more than 2000 liters should be provided
with soak pits. Power cables and control cables should never be run in the same conduit or
cable tray or and windings during transit. To send small and medium transformers trucks and

large transformers road trailers or rail wagons are generally used.

Inspéction upon arrival at site:

- - - Immediately after arrival at site, it should be inspected for possible damages during
transit. The nitrogen gas pressure should be checked. Positive pressure if not found, indicates
that there is leakage, and there is a possibility of the moisture entering the tank during transit.
This can be ascertained by dew point measurement which indicates the amount of surface
moisturé content in transformer insulation. Internal inspection should be carried out to the
extent. possible through- inspection covers. Particular attention” should be paid to the
connections, bolt links, coil clamping bolts, tap changers. Current transformers and the general
insulation. Break down strength of oil of transformer tank and drums containing transformer oil
should be examined carefully. An inspection of the transformer on arrival at site is to be carried

out preferably in the presence of the representative of the manufacturer.

Storage:
The transformers arrived at site and likely to be installed immediately do not neec

ation, it requires proper storage to avoid influx o
e the transformers indoor on prope

elaborate storage. In case of delayed install
s there is a provision ¢

moisture, effect of rain / dust etc. It is preferable to stor
flooring with protective covering. The oil should not be drained unles

filling inert gas.

:E:E:mn  _ ..
The transformers are provided with lugs and shackles for the purpose of lifting. The
following means are normally used for lift nag operations.

. Overhead travelling crane or gantry crane

. Jib crane
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d lor the installation of a transformer €XCept a
and prevent accumulalion of water. Foundations
is rccommcndcd for large transformers,
access 18 available all around

| ) i

IC(\)/IL{?;]‘]:‘)E?;:I. No special foundation 1s rcq_u'll‘C

withi oil dr:f t?ng c§1()}1gl_1 to support the weight ! p

Trins ilndgc lacilitics during fire und.cmcrg%my‘ ' ,
¢ 1ers should be positioned on the foundation SO (hat easy

o read or reach different fitments.

. _ T A cighboring structures,
For outdoor installations, ween live parts and neig

cquipments etc... should be adhered to electricity rules. Simple, firm, h‘)r."‘"o'?iaflra]?d ltev.‘j':(}
foundation is necessary. The level of conerete plinth with bearing plates of su ‘C'e“hm id dbnd
strength can be adopted. The space between the plinth and base of the transformer shOUIC be

prevented by use of rust proof bituminous compound. The suitable rail tracks should be

provided where rollers are used. Once the wheels of the transformer arc 1n ﬁna} position and
ent. Transformers having oil capacity more

then should be locked to prevent accidental movemettt. . e
than 9000 liters should be provided with drainage facility. For medium voltages, ¢
connector or bare conductor connection 1S used.

the clearance bet

Code of racti for Rati Terminal plates: IS 1180 (part 1): 1989
|4 ce for Rating and Terminal p iotachable N ing plate © ¢ weather proof

Each transformer shall be provided with non-
material. ' -

This plate fitted in a visible position, indicates the in '
rating plate shall be indelibly marked (e.g. by ctching, engraving o

formation given in fig. The entries on the -

r stamping)-

all be [-)rovi'ded with a terminal marking plgit,e as
e with whichever 1s applicable. IS 2026 (part 4):
tapping and connectors.

Terminal marking plate: Each transformer sh
per IS 1180 (part 1): 1989. This is in accordanc
1981 (first revision) also highlights about terminal marking,

Phasor Diagram and Phasor Groups
Phases are used to represent the induced emus in pharos diagram of a transformer. The

direction employed for the rotation of phases is counter clock wise. In three phase transformers
polarity alone is insufficient to represent the relation between he and Live windings. Besides
the terminal markings on he and Live side voltage, pharos diagrams are required to show the
angular displacement between he and Live winding. The angular difference between phases
representing the voltages induced between he and Live terminals having the same marking
Letters and the corresponding neutral point (real or fictitious) expressed with respect to the side
is termed as the displacement. Under normal conditions, the Line to Line voltages on the side
are displaced from corresponding voltages on Live side and the same is true for Line to neutral
voltages also. This displacement depends upon the transformer winding connections. -

An @nternationally adopted convention for indicating phase displacement is to use a
IIililr]:ebfor l‘;‘::l‘t“;zl r:ﬁff;;:t;ht:; :r;:; lt?lglfliti::i:gi: )clock,_ ‘where the minute hand represents the

\ g and is set at 12 0" clock and the hour hand

represents the Line to neutral voltage pharos for the Live winding. It therefi
clock hour number is obtained by dividing the phase displ: = 1er3 g Tollows that the

; ed, by dividing the phase displacement angle in de by 30. Th
following standard pharos diagrams are frequently encountered in 31'35[' . grees by 30. I'he

Three phase transformers, phase displacement Thre:e1£ ! 5 o
displacement phase transformers, phase

Polarity and phase sequence
The induced relative voltage directions in he and live winding of a transf
a transformer is termed
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r when the induced voltages have

as polarity. In primary and secondary winding of a transforme
led as

the same direction i.e. when the polarity of the two windings is same, this is cal
subtractive. When, on the other hand, the induced terminal voltages are in the opposite
direction, the windings are of opposite polarity, which is referred to as additive.

Phase sequence:
Phase sequence is the angular direction

polyphone system reach their respective maximu
angular direction may be clock wise or counter clockwise. It should be remembered that the

phase sequence is really a question of the sequence of line terminal voltages, and not
necessarily of the voltages across individual windings. When two transformers are 1o be
operated in parallel, phase sequence should be same, which is one of the conditions for parallel
operation of transformers. The phase sequence indicator s used to know the sequence. The

phase sequence of the supply is decided or fixed by the generating plant.

in which the voltage and current phases of a
m values during a sequence of time. This
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