Llectrical Technology MEC4108 Tutorial 1: Single Phase Transformer - Solution

1. A 200 kVA, 6600V/400V, 50 Hz single-phase transformer has 80 turns on the secondary. Calculate:

{a) the approximate values of the primary and secondary currents;
(b) the approximate number of primary turns;
(c) the maximum value of the flux.

_ 10° 200 x 10°
Ans. (a) Primary current = 200107 =303A Secondary current = ST 500A
6600 400
6600

b} Primary turns = 80 x = 1320 turns
(b ry 200

() B=444fND__ =@ =— 090 4 omosw
" =7 444 %50 1320

2. The primary winding of a single-phase transformer is connected to a 230V 50 Hz supply. The
secondary winding has 1500 turns. If the maximum value of the core flux is 0.00207Wb, determine:

(a) the number of turns on the primary winding;
{(b) the secondary induced voltage;
(c) the net cross-sectional core area if the flux density has a maximum value of 0.465 telsa.

i 230
Ans. (a) Primary turns = = 500 turns

4.44 % 50 x 0.00207

(b) Secondary induced voltage = 230 x %S(?—GO =690 Volts

Flux 0.00207
flux density  0.465

(¢) Crosssectional Area = =4452mm”

3. A 3200/400 single-phase transformer has winding resistance and reactance of 3Q2 and 13Q
respectively in the primary and 0.02Q and 0.0650) in the secondary. Express these in terms of

Nser w:“j@e” 1 éﬁgﬁﬁﬁcg okl

(a) primary alone ,
(b) secondary alone.

Ans. (a) Turn ratio = 8, to transfer impedance from LV side to HV side, the impedance is
multiplied by 8% = 64, R’ = 0.02 x 64 = 1.28Q, X;” = 0.065 x 64 = 4.16Q
Rigy +] Xieg = Ry + RY) (X, + X"y = (3+1.28) +j(13+4.16) = 4.28+ 17.16Q

(b) Turn ratio = 8, to transfer impedance from HV side to LV side, the impedance is
divided by 8° =64, R;” =3 + 64 = 0.0469Q, X" = 13 = 64 = 0.203Q
Raeq ] Xaeg = (R + Rp) + {(X)” + X5)
= (0.0469+0.02) + j(0.203-+0.065) = 0.067+j 0.268Q

4. The primary winding of a transformer has 500 turns and is supplied at a voltage of 2000 V r.m.s. at a
frequency of 50 Hz. Estimate the maximum value of the flux through the core.

Ans. E=4.44iN0_ =o =220 013w

= 4 44 % 50 % SO0
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5. A smg]e-péﬁﬁ age transformer has 1006 turns on the primary and 200 turns on the secondary. The no-

load current is 3A at a power factor 0.2 lagging. Calculate the primary current and power factor
when the secondary current is 280 A at a power factor of 0.8 lagging. Assume the voltage drop in the

windings to be negligible. T i Is 200&5 L f} 1Yy Iz
Ans. Secondary current referred to the primary side = 280 x —— =564  wowemr o =07 & “’?w
Jog w{}é’:)ﬁ; 1000 M Eé‘%‘; ?‘sgf o f
Power factor = 0.8 agg ng— O®=-369ie I[,'=56£-369° :; = Zh ) Vo
L=1,+1,'=3/-78.5°+56,-36.9° ' “*Ig w z,’ % b |3
im;; e W“‘
= (.5981 - j2.9398 +44.7823 - 133.6235 wm wi?{

= 453804 — j36.5633 =58.28.2-38.9° The power factor ofll = Cos ~ 38.9° = 0.78 lagging o2
Jg{ﬂ ﬁ% R
6. A single-phase transformer has a primary voltage of 2000V, a secondary voltage of 440 V and a full

load-output of 20 kVA. The secondary winding has 130 turns. Calculate the number of primary turns
and the primary and secondary full-load currents, neglecting losses.

Ans.  Primary turns = 130 x 24(;00 = 591 turns
3 3
. 10 20> 10°
Primary current = <10 =10A Secondary current = = 455A

2000

7. The voltage on the secondary of a single-phase transformer is 200 V when supplying a load of § kW
at a power factor of 0.8 lagging. The secondary resistance is 0.04Q) and the secondary leakage
reactance is 0.8Q), calculate the induced e. mf. in the secondary winding.

povies = %%Mﬁz;é‘é )

Ans. V,=200, I, = £§9%§ =50A,Cos ® =08, Sin®=06 p indnctue bads, ?meﬁ&@w‘

x 0. T
For secondary circuit only, voltage regulation = LR,Cos @+ 1,X, Sin®d @ @ﬁﬁ mfﬁx '

VE =50x (0.04x 0.8+08x0.6)=256 Volts

Therefore, the induced e.m.f E; = 200 + 25.6 = 225.6 Volts. - o A e Y e,
BE Ry Xy
E —— ?“ Loud .
Al VR

8. If the transformer of Question 7 has 500 primary turns and 50 secondary turns,

(a) find the induced e.m.f. in the primary winding.
(b) if the primary resistance is 42 and the primary leakage reactance is 70€2, estimate the primary
terminal voltage. The magnetizing current can be ignored.

Ans. (a) Turns ratio = 10, induced e.m.f. E;= 10 X E; = 2256 Volts
(b} For Primary circuit only, voltage regulation = LiR;¢,Cos O+ 1; X ¢q Sin®
I =50/ 10 =5A, Volt drop in primary winding =5 (4 x 0.8 +70 x 0.6 ) = 226 Volts
Therefore primary terminal voltage = 2256 + 226 = 2482 Volts

9. A farm, whose electrical load can be represented by a resistance of 1€ in series with an inductive
reactance of 1€, is supplied from an 11000V single-phase line thr% h a transformer of turns ratio
50:1. The resistance and leakage reactance of the transformer are 12 0 and 250%?2l respectively when
referred to its primary and its magnetizing current may be neglected. Determine

(a) the magnitude of the current taken from the secondary terminals of the transformer ;
(b) the potential difference between the secondary terminals,
(c) the magnitude and power-factor of the primary current.  ans. (a) 145 A: (b) 205V, (¢) 2.9 A, 0.7
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(R + }Qg,{) = Total resistance referred to the primary = Ry, =13+ 15=28 Q

nl {
ool ¥ WQWE s

Ans. (a) Primary resistance referred to the secondary side = 125 [i} = 0,05(2[ ? L. }{ﬁs tr
50 P
s fou
Primary leakage reactance referred to the Secondary side = ;250 x( 10] = i0.1Q

Total impedance (including load) referred to the secondary side ”&}ﬁl}g b 5{3 fm@x‘i = |+ J [
={1+0.05) +j (1 +0.1) = 1.05+] 1.1 Q=1.5207246.3°C)

With all the impedance referred to the secondary, the transformer becomes an ideal transforéner,i
OATE
therefore the e m.f. at secondary = 11000« 1 =220 Volis G W‘"“’““’“g“ — V.
50 mol gf :@t’?z_ }{6’\?2 B =iafip v
! éj{?& 1h3 ﬁ..@.‘ffa, . w [f2.
Secondary currents = 220 _ 14474 : § Ouhi o 4y, 1
1.3207.246.3° j % .
), Lonpidae g;,__, %y, serees
(b) Impedanceofload=1+j1Q, W v
ey
power factor of the load = Cos 45° = Sin 45° = 0.7071 lagging 77777 ' ﬁf} .
N "
{?_& |

Volt drop across transformer impedance = LRcq2Cos O+ LXeq Sin® Vi

wag “{’E‘Xwﬁ g eE foedd

= 144.7 (0.05 x 0.7071 +0.P'x 0.7071) = 15.35 Volts - b o
! ’ -t E0SaN oo .
V, = E, — Volt drop = 220 - 15.35 = 204.65 Volts é | power Ty g
Neglecting No-load component, /, =7,'=144.7 x L =29A m§5;ﬂ & = m\iﬁ " .:Tfii = Ef«" = s ,;?E*
" b 50 ' Ve o I¥e ¥, )

Power factor of the primary current is the same as the secondary current, i.e. 0.7 lagging

10. A 4000/400V , 10 kVA transformer has primary and secondarygéginding resistance of 13"%1 and
2> 0.15€) respectively. The leakage reactance referred to the primary is 4502, the magnetizing reactance
referred to the primary is 60000, and the resistance corresponding to the core loss is 120000,
Determine xi K
(a) total resistance referred to the primary and the values of all impedances referred to the secondary.
(b) the input current when the secondary terminals are open-circuited.
(c) the input current when the secondary load current is 25 A at a power factor of 0.8 lagging.

E@-‘& P e &p s .
i (,Rpj) 2 L e m“&%’mﬂ A
Ans. (a) Secondary resistance referred to primary = O.ESX[iQQ_QJ =150 g™y o X2 RS % %é‘i & %‘%
. 400 L S M § ? i?

rleg T

400 Y’ 400 Y’
j€ =28 %} —— fud 0289 — 48 B = sy

) 2
R.'=12000 A0 Y 1200 X,,'=6000, —— | =j60Q "
4000 4000

{(b) During open circuit, only the no load current flow, Io 2= Ic *+ 1
=Y (_F‘EQ_O.O Vi _ 5%999)

=t w-~-ijo.3333s,z\ IM=——( -
R. (12000 X, L6000

= —j0.6666A

I, = /03333 +0.6666° £ — tan | 2006
0.3333

g%;ii% e f}\e‘% g&’é\% :E:ﬁ ! o
(¢) When the s%gondary current is 25A at p.f. 0.8 lagging, G 2 - 3£9° ;Eu&
% i S £ . it i
ety 1 ) . ‘E&j&;v}” e i:z‘se
I, =252-369A° [,)=1,—=254-369A°=2—-31.5A 1,=03333-;0.6666A i; w{:\g@% %j
240333 | g 3 ¥
L =1 +1,'=(2+03333)- j(1.5+0.6666) =3.18£ - 43°A /B
B
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1 1. The primary and secondary windings of a 40kVA 6600/250V single-phase transformer have
resistances of 1002 and 0.020Q) respectively. The leakage reactance of the transformer referred to the
primary is 35Q2. Neglect the no-load current, calculate: ans. (@ 257V, (1)2.2%,3.7%

(a) the primary voltage required to circulate full load current when the secondary is short-circuited,
(b) the full load regulation at (i) unity (ii) 0.8 lagging power factor.

Ans. (a) R'=002 2% 13040
2 250

Z. =R +X

teq leq leg

=(10+13.94)+ j35 =23.94 + [35Q = 42.4/55.6°

Full load primary current = 40000/6600 = 6.06A
Primary voltage required to circulate full load current = 6.06 X 42.4 = 257 Volts

(b) At full load unity power factor, V.R. = 6.06 x (23.94 x 1 + 35 x 0) = 145Volts
Percentage voltage regulation = 145/6600 x 100% = 2.2%
At full load 0.8 p.f. lagging, V.R. = 6.06 x (23.94 x 0.8 + 35 x 0.6 ) = 243 3 Volts
Percentage voltage regulation = 243.3/6600 x 100% = 3.7%

12. A 40kVA 6000V/240V power transformer has the following parametersﬁjg@ g?f{é;f” o 5&{5&*{%& soliion .

Resistance of primary winding = 10£2 ; Resistance of secondary winding = 0.017Q

Reactance referred to primary side = 35€.  Calculate:

(a) the primary voltage and power required to circulate full-load current when the secondary is short-
circuited |

(b) the percentage voltage regulation and secondary terminal voltage for load of 33k VA at 0.65
leading power factor.

Ans. (a) The problem ask for primary voltage therefore we have to transfer all the impedance
to the primary:

Secondary resistance referred to the primary = 0,0]7x[%)]" =10.6250

Total equivalent impedance referred to the primary = (10 + 10.625) +j 35 Q
=20.625 +j35Q = 40,625 ./ 59.5°

Primary full load current = 40000 = 6.6607A
6000

Primary voltage required to circulate full load current = 6.6667 x 40.625 = 27083 V
Power required = IRy = 6.6667° x 20.625 = 916.66W

(b) With a load of 33kVA, primary current = 36300009 =5.5A

p.f =0.65 —>Cos ® = 0.65, Sin ® = 0.76
Voltage regulation = I;R.;Cos @+ [Xiq Sind,
5.5%(20.625x0.65—35x0.76)
6000 -

E;=V;~V.R =6000 - (-72.54) = 6072.54 Volt

x100% = —1.209%

% Voltage regulation =

E,=E x N. = 6072 x 240 =242.9 Volts
} N 6000
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13. A 50 kVA transformer, which steps down from 6600V to 220V, has a primary resistance of 102 and
a secondary resistance of 0.01€2, with the leakage reactance neglected, calculate: Pt §
= - @5{
(a) the total resistance referred to the secondary; Fac ‘%@ Lec
(b) the total resistance referred to the primary; Tor 06 ;ﬁ

(c) the full-load copper loss.
220 Em = ;ﬁgmgf

6600

Ans. (a) Primary resistance referred to the secondary =10 (
Total equivalent resistance referred to the secondary = 0.01 + 0.01111 =0.02111Q - \C’ Noe

} =001112

(b) Total equivalent resistance referred to the primary = 0.02111] x ( 626;{? J =190
(c) Full load primary current = A[DOOOO) 7 58A [f.ﬁ'
6600 T
2 2 ~ gren O %"ét’:&,mﬁi‘ vgﬁﬁ”"“"
Full load copper loss = I'Rje, = 7.58"x 19 =1091.7 W ; Tec _
Voo o “ L i
g,‘%\ f - \i‘“ . ig
. . ) Re s Tim 3{
14. The following results were obtained on a 50 kVA single-phase transformeré %Tg { L I
Open circuit test - Short circuit test - G - { -
. .y .y . Yer o Ve
Vi=Vac = Primary voltage, 3300 V Primary voltage, 124 V = ls¢ Be ¢ — Kai “zg‘“
Ve, = Secondary voltage, 400 V Primary current, 153 A, = Ler Te: m
Primary power, 430 W = *ﬁ;i“ At Secondary current, full load value, Primary power, 525 W (8[fe¥
Calculate:  (a) the efficiencies at full load and at half load for 0.7 power factor; Lees
b) the voltage regulations for power factor 0.7 lag, 0.7 leading, Yl f
(b) ge reg p g g Ghork corzad Teil 3

(c) the secondary terminal voltages corresponding to (a) & (b). B
Fee = Vs Loc CoSthey
Ans. (a) The transformer on open circuit test is at full voltage and on short circuit test is at ﬁl“
current, therefore full load iron loss = 430W, full load copper loss = 525 W}, = T s ;&?

Full load efficiency = Quitput power x100% 1eg = = {8 SRR 16
Output power+ Iron Loss + Copper Loss
> o Ve
- 2000007 ]xlOO%z97.34% Lreq T
50000x 0.7+ 430+ 525 Tee

At half load, the iron loss remains at 430W but the copper loss is only 1/4 of the coppeg loss at full

load, since copper loss is proportional to the square of the current. £ {@ﬂ% peribis s S25W
-E;gé: l?iogkwéég‘“ isfgtﬁ%

0.5 x 50000 x 0.7
: 3 x 100% = 96,9% b i
O.SXSOOOO><O.7+430+525><(0.5)“J ’ P oty
';g‘ Shoit crreud
§

Half load efficiency m(

Vse | Gt

525

i e (]:SWYB‘)""_‘m
124 "G 1 |
- (53 810462 = X, =7, - R, = 81046722427 = 778810

Voltage regulation at full load 0.7 p.f. lagging = [R.;Cos O+ 1 1Xeq1 SinD g, ;j“'%i V-

»g%’*m@"&%ﬁw
— . @mmwwmmﬁ‘% Vg T ‘m’iﬁ
Power tactor = 0.7 — Cos @ = 0.7, Sin ® = 0.7141, g‘ﬁwﬁmﬁf &%%’@ s@%ﬁ fég B g ﬁﬁ%m@g
50000 ‘W ag& T ps

—15.1515 A o Ve j vebln ésw?";
L fics e
So VA 108.05

VR = 15.15]5X(2.2427X0.7+7.7881X07I41)2108.05V % VR = 5 x100% =3.3%

=2.2427Q

[ p——

(b) From short circuit test, 1;°Rieq = 525W —R

Full load primary current =

3
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V.R at 0.7 pf leading = 15.1515 x (2.2427 x 0.7 — 7.7881 X 0.7141)= — 60.48 Volts

% VR, = “wgg x100% = —1.83%

-y

3

(c) At full load 0.7 p.f lagging, E1= V; — Valt drop = 3300 - 108.05 = 3192 Volts
Now all the impedance has been transferred to the primary, therefore the transformer

=Y
NlJ =3192 % ;’300 = 386.9Volts

Og Vi

becomes an ideal transformer, v, =E, = E,(
1

Similarly, at full load 0.7 power factor leading,
Ei =V, - Volt drop = 3300 — (—60.48) = 3360.48 Volts

V, =E,| N2 |=3360.48x 00 = 4073 Volts
’ N 3300

1

15. A 250kVA, 4160/ 480V, 60Hz single-phase transformer has the following parameters :
Ri=0.09Q, R;=0.00120, R, =31.6kQ, X; =170, X,=0.0226Q, X,,=3.24kQ
The transformer is step-down. aleo é&{@f f gﬁﬁzﬁﬁef Solufim :

(a) Calculate the values of the transformer parameters referred to the primary side.

(b) Hence sketch the equivalent circuit with all values referred to the primary.

(¢) Calculate the primary voltage for rated load at 0.76 lagging leading power factor.

(d) Calculate the transformer efficiency for (c)if core loss obtained from the no-load test is 347W.
(e) Find the voltage regulation of this transformer operating at 0.76 leading power factor.

Ans. (a) Ry=0.09Q,R,=0.00120, R, =31.6kQ, X;=1.7Q, X,=0.0226Q , Xp=3.24kQ
R'= RZ[%J - 0‘0032(44%;69)" 20090  => Ruy=R,+Ry =0.09+0.09=0.18Q

2

X:I=X2{J’]:?J :00226X[44E8§UQ) =170 =2 Xig=X1+tXy'=17+17=j340Q

-
2

(¢) Full load secondary current = 250000

R, =R, [i&} =0.18 % (—4&0—] =00024Q | X, =X, (_A-’-) =34 x[ﬂ] = j0.04530)
N, 4160 ! ! N, 4160
p.f.=0.76 — Cos ® =0.76, Sin ® =0.65
At 0.76 p.1. leading, V.R. = [ Repp Cos O-1, Xqp Sin®
5208 x (0.0024 x 0.76 — 0.0453 x 0.65)=-1439V
E; =V, + Volt drop across in Zy, = 480 + (— 14.39) = 46561 Volts

=3520.8A,

Since all the impedance is transferred to the secondary, the transformer becomes an ideal transformer;

N 4160
Vi=E, =E,| — |=46561x
b Z[N j 480

P

=4035Volis

(d) Given core loss = 547 W, full load copper loss = 520.8*x 0.0024 = 651 W
Total transformer loss at full load = iron loss + copper loss = 1198 W
output power B 250000 x0.76

= x100% =99.37%
output power + losses 250000 x0.76 + 1198

Efficiency =

-14.35

(e} Voltage regulation at p.f. = 0.76 leading =— 14.35 Volts ; % V.R. = x100% = -3%
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