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Fig. 1.74. Waveform of output voltage pulses for a pulse transformer.

of its final value. The distortions present in the ou
transient analysis of its equivalent circuit.
The transformer analysis is usually carried out by

first part gives the response near the front edge of the pulse, the second part gives the response
during the flat-top and the third part gives the response after the termination of the pulse.
For leading edge of the input pulse analysis of the equivalent circuit is done by including

stray capacitance. In order to keep the rise time within limits, the leakage inductance of the
transformer should be kept to a minimum.

The transformer response to the flat-top portion of the input pulse is carried out by using
the low-frequency equivalent circuit of Fig. 1.70 (b). The output voltage is seen to have
downward tilt, or drop-off, during its pulse duration time. The output voltage cannot remain
flat as this would mean de passing through a transformer which is not possible. The drop-off of
;he pulse can be kept as small as possible by having high magnetizing inductance for the trans-
ormer,

When the input pulse is zero, the output pulse does not reduce to zero
because of the magnetic energy stored in the transformer inductance. The fall, or decay, time
for the output pulse is shown in Fig. 1.74. There is a backswing of the output voltage and
¢cause of transformer inductance and stray capacitance, damped oscillations and a long-dura-
tion negative overshoot are observed after the decay time of the pulse.

8¢ transformers are quite small in size. Both primary and secondary windings have
“mparatively few turns so that leakage inductance is minimum. In order that transformer has
Maximum magnetizing inductance, its core is made of ferrites or from high permeability alloys
Such ag permalloy. As the off-period (time interval between successive pulses) is usually quite
large ag compared with on-period, the transformer can handle high pulse-power levels.

Lis, Three-phase Transformers

Generation. transmission and distribution of electric energy is invariably done through the
Use of three-phase” systems because of its several advantages over single-phase systems. As
Such, alarge number of three-phase transformers are inducted in a 3-phase energy system for
"éppmg.up or stepping-down the voltage as required. For 3-phase up or down transformation,
i Units of 1-phase transformers or one unit of 3-phase transformer may be used. When
al identjca] units of 1-phase transformers are used, Fig. 1.75 (a), the arrangement is usually

®d a bank of three transformers or a 3-phase transformer bank. A single 3-phase trans-
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Pulge transformers are quite small in size. Both primary and secondary windings have
comparatively few turns so that leakage inductance is minimum. In order that transformer has
maximum magnetizing inductance, its core is made of ferrites or fro;n high perrpeab:hty a]loys
Such as permalloy. As the off-period (time interval between successive pulses) is usually quite

large ag compared with on-period, the transformer can handle high pulse-power levels.

L1S. Three-phase Transformers
Generation, transmission and distribution of electric energy is invariably done through the
U8e of three.phase” systems because of its several advantages over single-phase systems. As
Such, 5 large number of three-phase transformers are inducted in a 3-phase energy system for
:I'fpping-up or stepping-down the voltage as required. For 3-phase up or down transformation,
e units of 1-phase transformers or one unit of 3-phase transformer may be used. When

identical uni 2 formers are used, Fig. 1.75 (a), the arrangement is usually
Galled rov i e transformer bank. A single 3-phase trans-

\-\a_klmtﬂransformers or a 3-phase
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Fig. 1.75. (a) Three-phase transformer bank, both windings in star (b) three-phase core-type transformer.

former unit may employ 3-phase core-type construction, Fig. 1.75 () or 3-phase shell-type con-
struction (not shown). A single-unit 3-phase core-type transformer uses a th.ree-hmbed core,
one limb for each phase winding as shown in Fig. 1.75 (8). Actually_. eqch limb has the lv,
winding placed adjacent to the laminated steel core and then h.v. winding is Pla_ced over the ]'.V'
winding. Appropriate insulation is placed in between the core and Lv. winding and also in
between the two windings.

A 3-phase core-type transformer costs about 15% less than a bank of three 1-phase trans-
formers. Also, a single unit occupies less space than a bank.

1.19.1. Three-phase transformer connections 0

Three-phase transformers may have the following four standard connections :

(a) star-delta (Y - 4) (b) delta-star (A-Y)

(c) delta-delta (A - &) (d) star-star (Y - Y) 9

These connections are shown in Figs. 1.76 and 1.77, where V and I are taken as input line
voltage and line current rgspectively. Primary and secondary windings of one phase are drawn
parallel to each other. With phase turns ratio from primary to secocdary as N,/N, =a, the
voltages and currents in the windings and lines are shown in Figs. 1.76 and 1.77. The various
connections are now described briefly.

{z) Star-delta (Yd) connection. This connection is commonl i

: el y used for stepping down the

voltage from a high level to a medium or low level. The insulation on the h.v. side of the trans-

former is stressed only to 57.74% | = v]:‘? X mn] of line to line voltage,

For per-phase m.m.f. balance, I, N, = I, N’1
Here primary phase current, I, = primary line current |
- Secondary phase current, I= %’-Il =al
2
Secondary line current =V31,=v3 .ol

Alse, voltage per turn on primary = voltage per turn on secondary
V.1l W 4
N3 N,N,

* For more details of 3-phase transf "
by the same authar, rnaformers, see chapter 8 of the book, "Generalized Theory of Electrical Machines" Pey
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Secondary prase voltage, V, = M B TH

Secondary line voltage = secondary phage voltage = c—t_-‘{ﬁ

InputVA=3;‘rfa—I=outputVA=343%3--'13'411-_-1'5\![

Phase and line values for voltages and currentg on both primary and secondary sides of
star-delta transformer are shown in Fig. 1.76 (a).

| Bal 1 .TI
| Vi 1[ i Va T
v

(@)

(b
Fig. 1.76. (a) Star.deta connection and

(b) delta-star connection of 3-phase transformers.

(6) Delta-star (Dy) connection. This type of conn
to a high level. For example, these

insulation is stressed to about 57.74

ection is used for Stepping up the voltage

re used in the beginning of h.v. transmission lines so that
% of line voltage

sformers for providing

voltage to 1-phase low-
, delta-star distribution transformer is used to dis-

-phase four-wire system. Three-phase high-power equipment
is connected to 400 V three line wires, whereag 1-phase low-power equipment ig energised from
231 Vline to neutral circuits,

For per-phase m.m 1 balance, I,N, = Ly

Here Primary phage current, [; = qlg (primary line current I
Secondary phase current, I= %; I=a Qla‘

Secondary phase voltage, V,= g—f V= E

Secondary Jine voltage =V3. g

Inpui y4 3.v.

vlaa--_-.ﬁVI=0u.‘.p'.'tVA=3--z- 7 {5=‘I§VI

Phage and line valueg for voltages £1d currents on primary as well ag secondary sides of 5

8e delta.g nsformer are show;. in Fig. 1.76 (b).

for, (Dd) connection. This scheme of connections is used for large Lv. trans.

e :';ll‘s. Itis becayg, a delta-connected winding handles line voltage, s0 it requires more turng
asg

but of smaller cross-sectional area. The absence of star point may be a disadvantage
€ applicatipng,
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be removed for ma;
transformers is used, then one transformer can * Maip,
o casme et ;::.lteh:hes remai.rling‘:::ol:ransfortll:lers (called an OPt;_ﬂ l;iiln:g- connection)) cgy,
g igi - transio :
;Eﬁ';lag;ver 58% of the power delivered by the original 3-phase
For per-phase m.m.f. balance, I; Ny =L N,

i i nt I}
Primary phase current, I= 713_ (primary line curre
N, I= al
Secondary phase current, I= 'ﬁ; 13 .
al
= =al
Secondary line current =3 [ = ]
Vo Y1
Also NN
Ny ¥V V.=
Secondary phase voltage, Vy= N Va=g (Here Vi=V)
v.Y
Secondary line voltage, V= i
1 =8.= .=z
Input VA=3V-q§=outputVA—3 - 3 vI

Phase and line values for voltages and currents on both primary and secondary sides of a
3-phase delta-delta transformer are shown in Fig. 1.77 (a).

p LD B K

a
Fig. L77. (a) Delta-delta connection and (b) Star-star connection of three-phase transformers.

(d) Star-star (Yy) connection. This connection is used for small h.v. transformers. As

stated before, with star connection, turns per phase are minimum and the winding insulation
is stressed to 57.74% of line voltage. Star-star connection is rarely used in practice because of
ogcillatory neutral problems.

For per-phase m.m f. balance, I N; =I, N,

Primary phase current, L= primary line current, I

Secondary phase current, I,= %;i Ii=al
2

= secondary line current
N, v
Seconda ase voltage, Vo= 2V, =
econdary phase voltage 2 A Vi 733'3
Secondary line voltage =3 V,=V3. ¥ =£
2="g V3 ‘e a
Input

VA=3'%-I:Oﬂpﬂl‘.VA:S-véYT;.gI:@-W

* For more details, see Chapter 8 of the book, "Generalizeq theory of Electrical Machines" by the same guthet:

;Eanﬂe y Cam>canner www_EasyEngineering net
-

www.EasyEngineering net

Art. 1.19]

As before, phase and lin,
transformer are shown in Fj

Transformers 133

e values of yg]

8177 (b) tages and currents on both the sides of a star-star

(d) star-star, Neglect losses.

Solution, (a) Three- with star-

phase transformer
(a).

delta connection is shown in Fig. 1.78

Iy =204 121

o C__‘-_r_a 11520A 171
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As before, phase and line values of
iranaformer are shown in Fig, 1.778(55 : voltages and currents on both the sides of a star-star

le 1.66- - H
e Per phase s vt 1 oy 3 e 40 thevloeof o S, 1147
dary line voltage, line current and out;;ut kVAp;r"::?fiEJ?n:iziszwﬁ:ak!da‘e Eiimnn:

(a) star-del ta (b) delta-star (c) delta-delta (d) star-stqr. Neglect losses
Solution. (a) Three-phase transformer with star-delta connection is shown in Fig. 1.78

(a).

'L! Iulzu‘ 12:1

o

(a) fb}
Fig. 1.78. Pertaining to Example 1.66.

Phase voltage on primary, V,,, = %;—'1- = —!—.1;%02 \'4
Phase current on primary, I,=I,=20A

vV, V
Here —1;—1=—{—2and1,,x12=1p3x1

- Phase voltage on secondary, Vj; = 313_12_0% =529.25V

1,=121,,=12x20=240A
I2=V31,,=V3 x240=415.68 A

3 Voo Ipe 11000 1
Output kVA =—3 505 -—3-mx240x1000-381.04kVA

(b) Delta-star connection of 3-phase transformer is shown in Fig. 1.78 (b).
Vi, 11000,
Phasge voltage on secondary, V=75 =72 © 12 V=916.67V

11000
= —_— BTV
VL2 - ,,3 sz = EK 12 1587.67

Line voltage on secondary,
Phase current on secondary,

Line current on secondary,

Line voltage on secondary,

20
Phase current on primary, =I“N§- = q:-i-A
- 12x 73 =138.568 A

Phase current on secondary,  Ipz=121m =
i _7.=138.568A
Line current on secondary, Ipo=Ip2 138.568
11000 ,_12x20_ _ 35y 04 kVA.

Output kVA=3 X" %1000 x V3

M
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(c) Delta-delta connection of 3-phase transformer is shown in Fig. 1.78 (c).

vV, V. 11000
Phase voltage on secondary, V,; = —1‘5[' = —1';—1 =12 V=6351V

Line voltage on secondary, Vp,=V,;=6351V
Phase current on primary, I, = %;% A

20
Phase current on secondary, I,; =12 ;=12 X Nl A

- 12x 20
Line current on secondary, Ijg=V3 I,3= V3. 5 T 240A

11000 _ 2400
=g x——— x ——=381.04 kVA,
Qutput KVA =3 x 12 % 3000 38

Iy =204 12:1 I _ 12204 124 I,

Vel

mooov-L

Vpr=1000V

() (d) |
Fig. 1.78. Pertaining to Example 1.66.

|
(d) 3-phase transformer with star-star connection is shown in Fig. 1.78 (d). i

Vp1 11000 ;
Phase voltage on secondary, V,; = —1%1 =HBx12 i

0
Line voltage on secondary, Vi,=V3 V,,=V3 ;;31% = 2102—0 \Y

Phase current on primary, I, =I;=20A
Phase current on secondary, I,,=121,,=12x20=240 A
Line current on secondary, Ijo=1,=240A

Output kVA = %’;-‘xl—‘:g—" X %6 =381.04 kVA.

Example 1.67. A 11000/415 V, delta-star transformer feeds power to a 30 kW, 415 V'n::
phase induction motor having an efficiency of 90% and full-load pf 0.833. Calculate the tro
former rating and phase and line currents on both high and low voltage sides.

30
0.9x%0.833

Total load in VA _ 40,000
= 2 = 55.65 A
V3 x line voltage ~ V3 x 415

For star-connected Lv. winding, phase current in l.v. winding = line current
=55.65A
40,000

Line current on h.v. side of transformer = 3 % 11000 = 21A
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Solution. Transformer kVA rating = =40 kVA

Line current on l.v. side of transformer =
on l.v. sld‘

g_l_-_zi’.’___-—— Transformers 135

For delta-connected h.v. winding,
; - 1 ..
ghase current in h.v. winding, = 5 (line current on h.v. side)

1

= (@) 3
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=55.65A 40.000
’ o =21A
Line current on h.v. side of transformer = T—'—a x 11000 2
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For delta-connected h.v. winding,

hase current in h.v. winding, = ;{15 (line current on h.v. side)
P

- q%x 2.1=1212A.

Example 1.68. An industrial load takes 100A at 0.8 pflag from a 3-phase 11000/400V, 50
He, star-delta transformer. Calculate (a) p

ower consumed by load (b) kVA rating of transformer
(c) phase and line currents on both .y, and Lv. sides.

Solution. (a) Power consumed by load = 3 Vi1 cos8,

=\3 1__ .
3 x 400 x 100 x 08 x 1000 55.424 kW

(b) kVA rating of transformer = V3 x 400 x 100 x

1 _
1000 = 69.28 kVA.
A\ (©) Phase current or line current on star-connected h.v. side
69.28

= m=3.ﬁ36 A

Line current on l.v. secondary side I,=100A

. I, 100

Phase current on delta-¢ d . - £

as 0 delta-connected secondary side B3 =51.13A
1.20. Transformer Noise

_The readers must have observed that the transformers using ferromagnetic core produce
noise. In case transformers are located in a residential area, then the n
transfo

rmers may be ing to th by h The hum, 1 a0 emmm.ﬁng iy
ay be annoying e nearby houses. um, leading to noise, originates
the ferromagmetic core of a transformer, : “

The major cause of noise in

T humming jn transformers.
In brief, th, factors producing the noise in tr

(1) The first cause of hum, and therefore the noise, is the magnetostriction .
nm“;; 3;1:0 details of core construction, size and gauge of laminations and the degree of tight.
wg Lhmf:lrl:lnz the core by nuts and bolts do influence the frequency of mechanical vibrations

ansformers are the following -

noise in transformers.

the core are algo responsible for noise production thoy
oise emission from a transformer may be reduced
oW value of flux density in the core,

(c] b Proper tightening of the core by clamps, bolts etc.
formm uyrlollnd-inn.'llating the transformer core from the tank wall in case of large trans.
tm""hn,,:' 'Ol-lnd-mlulnting the transformer core from where it is installed in case of small
. Dhun.h,. chan,

L\\ £ by 1.2 x 1074 percent for & flux densily of IT.
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Mogt of the p,

gh to a lesger degree.
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