5.3 CONSTRUCTIONAL FEATURES

\ As soon above, a transformor mainly consists of core
inerease in the size (capacity) and operating voltage, it also nee
suttable tank, bushings, conservator, broather, explosion vent, Buchholz relay,
Various parts of the transformer are briofly deseribed below.

Conservator

and coils (windings). With the
ds other parts such as
ete. (Fig. 5.2).
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Fig. 5.2 : Schematic representation of a large capacity single-phase transformer

In fact, if the single-phase transformer is connected to d.c. supply of rated voltage, the resistance
of the primary winding being small, it will draw a very large amount of current from the supply. This
excessive current may damage the transformer. With a.c., it is the em.f. of self-induction (refer to
Article 5.5) in the primary winding which mainly limits the current by opposing the applied voltage.
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pectric® _
) Lamiﬂated Steel Core : Basically, the core made up of magnetic material is used to
rovide the path of low r‘eluctance (opposition) for the flux. Lesser the reluctance of the
etic circuit, stronger 1s the field. The material actually used for the core is high grade
glicon steel in the for_m of laminations about 0.35 to 0.5 mm thick. These laminations are
arnished or coated with enamel to insulate them from each other. The core is assembled in
quch 8 fashion that it provides continuous magnetic circuit with a minimum air gap. For this,
he joints in the adjacent layers are staggered. Fig. 5.3 (a) illustrates the arrangement of
joints in two adjacent layers of L-shaped laminations and Fig. 5.3 (b) of I-shaped laminations.

(a) (b)

Fig. 5.3 : Arrangement of joints in adjacent layers of laminations

For small transformers, the cross-section of the limb of the core can be rectangular
(Fig. 5.4 a), as the coils wound on it can also be rectangular. But as the size of the
transformer increases, it becomes wasteful to employ rectangular coils and circular coils are
usually preferred. Therefore, under such condition, square or stepped (Figs. 5.4 b, ¢, d) cross-
sections are used for the limbs. More the number of steps, more circular is the section and
lesser is the copper required for the coils wound over it. This is because the circular section
has the smallest perimeter for a given area. However, the saving thus effected due to core-
stepping must be balanced against the increased labour charges to construct such cores.
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() (b) (c) (d)

Fig. 5.4 : Different cross-sections for the transformer limbs
(a) Rectangular, (b) Square, (c) 2-stepped or cruciform, (d) 3-stepped

The laminated construction and the choice of silicon steel as magnetic material for the
core help in reducing the iron loss of the transformer (refer to Article 5.14).

(ii) Windings : The coils forming the primary and the secondary windings are former
Wound using well insulated copper conductor in the form of round wire or strip. These coils
are then placed around the limbs of the core. The windings are insulated from each other and
the core using cylinders of insulating material such as press board or bakelite.

3 In the elementary transformer illustrated in Fig. 5.1, the primary and secondary
Windings are shown on separate limbs of the core for simplicity. However, if such an
Arrangement is used in actual practice, all the flux produced by the primary winding wﬂi not
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link with the secondary winding as some of the flux will leak out through air. Such f L |
ux ig

known as leakage flux (for more details, refer to Article 5.9.2). More the value of th leakq

flux, poorer is the performance of the transformer. Therefore, to reduce this leakage flux, tﬁe
primary winding and the secondary winding are placed together on the same limb iy actu;j
transformer. These windings are either cylindrical in form and concentric or sandwijc}, type

as illustrated in Fig. 5.5. ‘
e L.V
H.V.

13,4

H.V.
H.V. LV
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(a) (b)
Fig. 5.5 : Transformer windings
(a) Cylindrical in form and concentric, (b) Sandwich type

While placing the cylindrical coils concentrically around the particular limb, the one
which is designed for low voltage is placed near the core and the other which is designed for
high voltage is placed after that. This is because, it is always easy to insulate the low voltage
winding with respect to the core. In sandwich type, the windings are divided into number of
small coils and these coils of high voltage (H.V.) and low voltage (L.V.) windings are
interleaved. The top and bottom coils which are near the core are of low voltage winding only.

(iii) Transformer Tank : Except in small sizes, the whole transformer assembly is
placed in a fabricated sheet metal tank and immersed in the oil which serves both the
purposes of providing insulation and cooling. The heat generated in the windings and the
core is carried by the oil to the external surface of the tank. Cooling tubes are provided to

increase the surface area of the tank for more effective cooling.

(iv) Terminal Bushings : The leads of the transformer brought out from the tank are
insulated from it with the help of porcelain bushings. These bushings are fitted to the tank.

(v) Conservator : In a transformer, provision of some space above the oil level is always
essential to take up the expansion and contraction of the oil with changes of temperature in
service. When transformer becomes warm, the oil expands and the air at the top of the oil is
expelled. When the transformer cools, oil contracts and outside air is drawn into the
transformer. This process is known as breathing of the transformer. Unless proper
precautions are taken, the outside air which enters the transformer during this process can
have considerable moisture. When the oil in the transformer is exposed to such moist air,
it readily absorbs the moisture from the air and loses its insulating value to some extent.
This deterioration of oil can be prevented by using a conservator.

The conservator is an airtight cylindrical metal drum supported on the transformer tank

This drum is connected by Pipe to the 'tl"alleormer tank and is always partly filled with oil.
The expansion and contraction of the oil in the main tank with the changes of temperature 18
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; the conservator. Wi ' :
b)il the surface of the oil is not directly exposed to air.
’- The displacement of air above the oil level in the conservator during the
s o'f the transformer takes place through the apparaFus known as a breqther.
preathing pr Ogcf;ina agent, such as calcium chloride or silica gel, which ext.racts the mms'tu?-e
" ';‘iie ;1'eat.11er also cleans the air by removing the du'st.partlcles present in it.
% thelal:iﬁ' y llowed to come in contact with the oil in the transformer.
us' 01] )' ' o . . . . .
Th ) Buchholz Relay : It is a type of protective de\.nce mounted in the p'lpehne
e he main tank to the conservator. Due to excessive heat developed during the
Jlt condition, the oil in the tank in the vicinity of the fault point gets decomposec.l ax?d
i;ﬂi{‘ferent types of the gases are liberated. These gases operate the Buchl?olz relay Wh'lch in
the initial condition gives alarm to the operator. I.f th.e fatult developed is converted into a
serious type of fault, then this relay trips off the main circuit breaker.
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(vi) Breather

and clean air is a

connecting t

(viii) Explosion Vent : The bent up pipe fitted on the upper surface of the tank is
known as explosion vent or relief valve. It 1s provided with a diaphragm made out of glass
sheet, aluminium foil or a bakelite sheet. In the event of the fault condition, if the excessive
pressure is developed inside the tank due to liberated gases, the diaphragm in the explosion
vent bursts and releases the pressure, thus avoiding damage to the transformer.

5.4 TYPES OF TRANSFORMERS

Depending upon the arrangement of the core and the windings, there are three main
types of the transformer :

(a) Core type, (b) Shell type, and (c) Berry type.

(a) Core Type Transformers : Fig. 5.6 (a) diagrammatically illustrates a core type
transformer and the actual arrangement is shown in Fig. 5.6 (b).

Core :
oA — LV. Winding _— L.V. Winding
T { ' arh
':\’ 1//
NP s
'\L\u /n
O Ul { 6 5 SRR L0, 3 B S
L 5 H.V. Winding [
i (b)

Fig. 5.6 : Core type transformer

Distinguishing Features : Some of the distinguishing features of this type of
transformer are as follows : ;

@ The core of this type of transformer is built of laminations to form a recta:ngulﬂ'
frame and provides a single magnetic circuit. i

e Th.e windings are normally cylindrical in form and concentrie, low voltage winding.
being placed near the core. s

({ii) Both the windings are uniformly distributed over two limbs of the cor

|
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(iv) These windings surround considerable portion of the core.
(v) Since the windings are distributed on two limbs, natural cooling is more effective.

(vi) The coils can be withdrawn for repairs just by dismantling laminations of the"top
yoke.
() Shell Type Transformers : Fig. 5.7 (a) shows the elementary scheme of a shell

type transformer and Fig. 5.7 (b) shows the shell type transformer as used in actual practice.

Distinguishing Features : Some of the specialities of the shell type transformer are

listed below :
(i) The core of this type of transformer provides double magnetic circuit.

lly sandwich type, always placed on the central limb of the

(ii) The windings are norma
e interleaved.

core. HV. and L.V. coils which are wound in the form of pancakes, ar
The top and bottom coils which are near the yoke of the core, are of L.V. winding
only. '

ndings placed on the central limb of the core. This

(iii) The core nearly surrounds the wi
f view of providing mechanical protection to the

feature is useful from the point o

windings.
Flux (¢) H.V. L.V.
4 . :\—‘ Winding Aﬂ_Wmdmg
4
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; Core
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Fig. 5.7 : Shell type transformer

(iv) Since the coils are placed on one limb (central) only and are surrounded by the core,

natural cooling is poor.

(v) When the coils are to be wi
be dismantled.

(¢) Berry Type Transformers : Fig. 5.8 diagrammatically illustrates this type of

transformer.

thdrawn for repairs, large number of laminations are to

Magnetic Core

Fig. 5.8 : Berry_ type transformer (plan view)
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