A 1000-VA 230/115-V transformer has been tested to determine its equivalent circuit. The results of the
tests are shown below.

Open-circuit test Short-circuit test
Voo =230V Ve =19.1V
Igc = 045 A ISC = 87 A
Foc=30W Foo=423W

All data given were taken from the primary side of the transformer.
{er) Find the equivalent circuit of this transformer referred to the low-voltage side of the transformer.

(b} Find the transformer’s voltage regulation at rated conditions and (1) 0.8 PF lagging, (2) 1.0 PF, (3) 0.8
PF leading.

(c) Determine the transformer’s efficiency at rated conditions and 0.8 PF lagging.

SOLUTICN
fa) OPEN CIRCUIT TEST:
045 A
Y. |=|G.— jB,|=———=0.001957
‘ EX| ‘ o J M| 2130V
@=cos™ Foc =cos” L: 73.15°
VT (230V)Y045A)

Yoy =Go — jBy =0.0010957./ —73.15° mho = 0.000567- j0.001873mho

R. - _17630
G

[
X, =L =510
By



SHORT CIRCTIT TEST:

‘ZEQ‘ = ‘REQ + ;XEQ\ = %

Re _ 1 413W

Vel (19.1V)(87 A)
Zpo = Rgg + X 5o = 220753°Q =0.558 + j2.128Q
R,, = 05580Q

Xpo = j2.128Q

=220

f=cos =75.3"

To convert the equivalent cirenit to the secondary side, divide each impedance by the square of the turns
ratio (@ = 2304115 = 2). The resulting equivalent circuit is shown below:

alp

®) Ry = j’ +Rg
X,
Xl:l.].i;' = a_2 + X‘S
Ry, =0.14002 Xy, = j0.5320Q
R, =441Q X, =134

{b)  To find the required voltage regulation, we will use the equivalent circuit of the transformer referred
to the secondary side. The rated secondary current is

7, —L000VA o0
TSy

We will now calculate the primary voltage referred to the secondary side and use the voltage regulation
equation tor each power factor.

(1) 0.8 PF Lagging:
V, =V, +2Z, 1, =115/0°V + (0.140 + j0.532Q)(8.7/~36.87° A)

V, —1188/14°V
_118.8-115

*x100% =3.3%
115

(2) L0PE:

V. =V, +Z, 0, =11520°V + (0140 + j0.532Q)(8.7.£0° A)
v, =1163/2.28°V



_1163-115
115

(3) 0.8 PF Leading:

VR *x100% =1.1%

Vv, =V, +Zg 1, =11520°V + (0.140 + j0532Q2)(8.7£36.87° A)

Vv, =113322.24°V
o 1133115
115

{¢)  Atrated conditions and 0.8 PF lagging, the output power of this transformer is
P =V cos 8= (115 V)(S.’? A)(O.E): 8OO W

ooIT

*x100% =—1.5%

The copper and core losses of this transformer are

Py=17 Ry, =(87 AY (0140 Q)=106 W

02
(Vp ) (1188 VY
P, - - —320W
R, 4410

Therefare the efficiency of this transformer at these conditions is

n= Four x100% = S0 W = 94.9%
P+ Pt B, SOOW + 106W + 320W




26, A 15 kVA 8000/230 V distribution transformer has an impedance referred to the primary of 80 + f300 (.
The components of the excitation branch referred to the primary side are R, =350k and
X, =70k
{a) If the primary voltage iz 7967 V and the load impodance is Zp = 3.2 1 j1.5 £, what is the sccondary

voltage of the transformer? What i the voltage regulation of the ransformer?
{B) If the load is disconnected and a capacitor of —f3.5 £} is cannected in its place, what is the secondary
voltage of the ransformer? What is ity voltage regnlaticn under these conditions?

SOLUTION
{a) lhe easiest way to solve this problem i to reter all components to the pramary side of the
transformer. The torns ratio is ¢ — 8000/230 — 34.78. Thus the load impedance referred to the primary
side is

2z, - (347%8) (324 1.5 L1)— 3871+ 18150
The referred secondary current is

1= PV BFLTY g agpa

(80+ 7300 Q)+ (3871 + /1815 Q2)  44812282° Q

and the referred secondary voltage is

V. =1,Z, =(1.78/ 282° A)(38711 jIE15 Q)=76104 3.1°V
The actual secondary voltage is thus

;76102 -31°V
v _N, 7610317V 2188/ -3.1°V
Y oa 3478
The wvoltage regulation is
i
vie = 277000 000 — 4 7%
7010

{b) The eagiest way to solve this problem iz to refer all components to the primary side of the
transformer. The tirns ratic iz again a = 31.78. Thus the load mpedance referred to the primary side is

Z, —13478) (- 3501 - —j4234 0
The referred secondary current is

i T ’? T ( > r
1, = _eT/m v DTN ossses A
(BO+ 7300 Q)+(—74234 Q) 39352-88.8°Q

and the refared secondary voltage iz

v, =1z, =(2.2588.8" A){— 4234 Q) =8§573/ —1.2°
The actual secondary vollage is thus

f
v 8373/ -1.2°V
V,=—L= =265/-1.2°V
a 34.78
The voltage regulation is
7967 —8573
VR = ————— x100% = —7.07%

8573



2.8 A 200 MVA 157200-kV emgle-phase power transformer has a per-unit resistance of 1.2 percert and a per-
unit reactance of 5 percent (data taken from the transformer’s nameplatc). The magnetizing impedance is
80 per unil.
{a) Find the equivakent circuit referred to the low voltage side of this ransformer.
(&} Calkulate the voltage regulation of this transformer for a full-load corrent at power factor of 0.8

lagging.
jc) Assume that the primary voltage of this transformer iz a constant 15 kY, and plot the secondary vcltage
ag a function of load currenr for currents from no-load to full-load. Repeat this process for power
factors of 0.8 lagging, 1.0, and 0.8 leading.
SoLUTIoN
{a} The base impedance of this ttansformer referred to the primary (low-voltage) side 1s
s Vet 5KV y
M S, 20D0MVA
so R, =i0012)(1.125Q)=00135 0
X =(005)(1.123Q)=00553 Q

-11258

X, =([100){1.1250)=11250

The equivalent circuit is

R, ,=001350 Xpgp = JO0563 02
R, =not specified X, =1l1250

(b) If the load on the secondary side of the transformer is 200 MVA at 0.8 PF lagging, and the referred
secondary voltage iz 15 KV, then the referred secondary current is

© R 200 MY A
I, =-kon _ SE LR 16,667 A
SV, PP (15kv)0os)

IE’ =16,067/—-3687° A

The voltage on the primary gide of the transformer is

v,-v, 41,7,
V, =15,000/0° V + {16,667/~ 36.87° A)0.0135+ jO.0563 0)=15,755,/224° V

Therefare the voltage regulation of the transformer is

_ 15,755-15,000

VR
15,000

% 100% = 5.03%

{c)  This problem is repetitive in nature, and is ideally suited for MATLAB. A program to calculate the
secordary voltage of the transformer as a function of load is shown below:

% M-Lile: probz 2.m

% M-file to calculate and plot the secondary voltage
% of a transformer as a function of lcad for powser

% factors of 0.8 lagging, 1.0, and 0.8 leading.

% Thege calculationg are done uging an equivalent

% circuit referred to the primary side.

% Define walues for this transformer

VP = 15000; % Primary voltage (V)
anps = 0:166.67:16667; % Current values (&)
Req = 0.0135; % Equiwvalent R (chms)
¥Yeq = 0.05632; % Bquiwvalent X (ohms)

% Calculate the current values for the thres
% power facteors. The Liret row of I containg
the lagging currents, the second row contalns
the unity currents, and the third row contains



oL

It1l,:) = amps
It2,:) = amps
I(3,:) = amps

JF O
JE O

he leading currents.

0.8
1.0

J*¥0 .67 ;
b

JF O

0.8 + j%0.6);

Lagging
Unity
Leading

file

% Calculate VS referred to the primary side
% for each current and power factor.
avs = VP - (Req.*I + j.*Xegq.*I);

Refer the secondary wvoltages back to the
secondary side using the turns ratio.

=]
=)
o
T

VS = ave ¥ (200/15) ;

% Plot the seccondary wveltage (in kV!) wersus load
plot (amps,aks (VS(1, :) /1000), 'L-','LineWidth',2.0) ;
hold on;

plot (amps,abs (VS (Z2, :) /1000), 'k--"', 'LineWidth' ,2.0) ;

plot {amps ,aks (VS(23, :) /1000) , 'r- ', 'LineWidth' ,2.0) ;

title ("‘\bfSecondary Voltage Versus Load') ;

xlakel ('‘“bfLocad (&A)'):

vlakel ('‘\bfSecondary Voltage (kV)');

legend ('0.8 PF lagging','1.0 PF','0.8 PF leading');
grid on;

hold off;

The resulting plot of secondary voltage versus load is shown below:

Secondary Voltage Versus Load
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210, A 13.800/480 V three-phase Y-A-conmccted transformer bank consists of threo identical 100-kVA
T907A80-V translomers. I Is supplied wilth power directly o a large constant-voltage bus. In te
short-cirenit rest, the recorded valnes on the high-volrage side for one of these transformers are

Ve =360V I.=126A P =3300W

{zx) Tf this hank delivers a raterl Inad at .83 PF lagging and rated voltage, what is the line-to-line volfage on
the primary of the transtormer bank?

(&} Whart is the veltage regulation under these canditions?

{c) Assume that the primary voltage of this transformer bank iz a constant 13.8 kV, and plct the zeccondary
voltage ag a function of load current for currents from no-load to full-load. Repeat this process for
power factars of 0.85 lagging, 1.0, and 0.85 leading.

(d) Plot the voltage regnlation of this trarsformer as a fimetion of lcad corrent for cirrents from no-lnad ro
full load. Repear thiz process for power factars of 0.85 lagzing, 1.0, and 0.85 leading.

SoLtTioM  From the short-circmit mformation, it 1s possible to determine the per-phase impedance of the

trarsformer bank reforred to the high-voltage side. The primary side of this transformer iz Y-camnceted, so

e shorlcireuil phase voliage is

V,, 560V
Vise= £ = =3233V
VNG
the short-circuit phase current iz
loo=5=1206A
and the power per phase is
E.
Fooe— 2” — 1100 W
Thus the per phase impedance iz
3233V .
Zoo| =|Rey +ﬂ‘“|_m_ 25.66 0
PR F. = 1100%W R
VSCIS, (323 3V){12. 6A]
Zon = Rog+ X =25.664713° =691+ 2170
Ry, =6.940
X, = 470
fa) If this Y-A transformer bank delivers rated kVA (300 KVA) at 0.85 power factor lagging while the

secondary voltage is at rated value, then each transformer delivers 100 kWA at a voltage of 480 V and 0.83
PF lagging. Referred to the primary side of one of the transformers, the load on each transformer is
equivalent to 100 KVA at 7967 V and 0.85 PF lagging. The equivalent current flowing in the secondary of
one transformer referred to the primary side is

¢ 100 KVA

= =1253 A
P 7967 V

45 =12.552-3179"A

The voltage on the primary side of a single transformer is thus

Ve =V t1.Z

EQ.F

V,p =796720° V+(l 2,554 -31.79° A)(6.94+ i Q) =8207.1.52°V

The line-to-line voltage on the primary of the transformer is

=3V, =/3(8207 V)= 1422 kV

¢B)  The voltage regulation of the transformer is

8207-7967

VR =——-x100% =301%

7967

Note: It is much easier to solve problems of this sort in the per-unit
system, as we shall see in the next problem.




{c) This sort of repetitive operation is best performed with MATLAB. A suitable MATLAB program is

shown below:

M-file: probkZ 10c.m

M-file to calculate and plot the secondary voltage

of a three-phase Y-delta transforuner bank as a

function of load for power factors oI 0.85 lagging,

1.0, and 0.85 leading. These calculations are done
uging an equivalent circuit referred to the primary side.

[ T S

o

Define wvalues for this cransfcrmer

VL o— 13200; % Primary line wvoltage (V)
VPP = VL / sqrti3); Primary phase voltage (V)
amps = 0:0.0126:12.6; Phase current wvaluss (&)
Req = 6.94; Equivalent E (ohms)

Xeq = 24.7; Equivalent X (ohms)

e

e

% Calculate cthe current wvalues for the three

% power factorg. The firet row of I contzins

% the lagging currents, tie seccnd row contains
% the unity currents, and the third row contains
% the leading currents.

re = 0.85;

im = sinfacos(rel):

I(l,:) = amps .*%¥ ( re - J%im); % Lagging
T(2,:) = amps .* (1.0 b 0% Unity
I(3,:) = ampg .* ( re + j¥im); % Leading

% Calculate secondary phase voltage referred
% to the primary side for each current and
% power factor.

avVeP = VPP - (Reg.*I + J.*Xeg.*I);

Refer the secondary phase voltages Iack to
the secondary side using the turns ratio.
Beaausge this is a delta-commected secondary,
this is also the line voltage.

VEP = aV3P ¥ (480/7%67);

L= S

)

% Plot the secondary voltage wversus leoad

plot (amps,abs (VEP(1,:)),'b-",'LineWidth’, 2.0} ;
held ong;

plot (amps ,abs (VERP (2, 1), 'k--",'LineWidch',2.0) ;
plot (awps, abks (VP (3, 230, 'r-. ", 'LineWidth', 2.0} ;

title ('‘\bfsecondary Voltage Versus Load') ;

%labeal ("ibfLoad () ')

vlabel ('‘\bfSecondary Voltage (V)');

legend'0 .85 PP lagging', '1.0 PE','0.85 PP leading');
grid omn;

hold off;

The resulting plot is shown below:

Sacondary Voltage Versus Load
480 T
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©
o
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Load (A)



{d) This sort of repetitive operation is best performed with MATLAB. A suitable MATLAB program is
shown below:

E

M-file: prob2 104d.m

M-file to calculate and plot the wvoltage regulaticn

of a three-phase Y-delta transformer bank as a

functicon <of lecad for power factors of 0.85 lagging,

1.0, and 0.85 leading. These calculaticns are done
uging an equivalent circuit referred to the primary side.

[= ==

=l

i

Define valuses for this transformer

VL = 13800; Primary line wvoltage (V)
VPP = VL / s=grcoi(3); Primary phase voltage (V)
amps = 0:0.0126:12.6; Phase current wvalues (&)
Req = 6.94; Equivalent R (chms)

eq = 24.7; Equivalent X (chms)

=i

=i

G2 a2

=i

Calculate the current wvalues for the three
power factors. The first row of I contains
the lagging <currents, the second row contains
the unity currents, and the third row contains
the leading currents.

e

=l

o

re = 0.85;

im = ginf{acos(re) ) ;

I(1,:) = anps .* ( re - j¥*¥im); % Lagging
I(2,:) = anps .#* ( 1.0 | % Unity
I(3,:) = anps .* ( re + J*im); % Leading

% Calculate secondary phase voltage referred
% to the primary side for =sach current and

% power factor.

avV8P = VPP - (Reqgq.*I + J.*Xeq.+I);

¥ Calculate the veoltage regulation.
WVE = (VPP - abs(avVsE)) ./ abs(aVeEP) .% 100:;

Q

% Plot the wveltage regulation versus load

plotiamps ,VR{1,:) ,'k-" '"LineWidth' ,2.0);
hold on;

plot fanps ,VR{2, ), 'k--",'LineWidch',2.0] ;
plot {amps ,,VR{3,:) ,'r-.",'LineWidth',2 .0} ;

title ('‘“bfVoltage Regulation Versus Load');

xlabel ('“bfLoad (R)') :

vlabel ('‘\bhifVoltage Regqulation (%) ');

legend ('0 .85 PF lagging','1.0 PF','0.85 PF leading');
grid on;

hold off;



The resulting plot is shown below:

2-11.

Voltage Regulation Yersus Load
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Load (A)

A TONOO0-KVA 230/115-KY A-A three-phase power transformer has a per-nnif regizstance of 0.02 pi and a
per-unit reactance of 0.055 pu. The excitation branch elements are X, =110 pu and X,, =20 pu .

fa) 11 this transtormer supplies a load of 8D MVA at U85 PH lageing, draw the phasor diagram of one
phase of the transformer.

) What is the voltage regulation of the transformer bank undar these conditions?

fc} Sketch the equivalert circuit referred to the low-voltaze side of one phase of this transformer.
Calenlate all of the transformer impedances refarred to tha low-voltage side.

SOLUT:OM

fa) The transformer supplies a lead of 80 MVA at 0.85 DF lagging. Therefore, the secorndary line
cirrent of the transformer is

S 80,000,000 VA _
Vv, VB115,000 V)

The base valie of the secondary line current is

I 402 A

L = ot - LPOOAOVA g5
T Ve V311,000 V)

30 the per-unit secondary current is

[ A _402A
Wy S02A

pu

Zecos™ (0.85) =082 -31.8°



The per-umit phasor diagram is shown below:

K V, = 1.0/0°

1=08/-31.8°
k)  The per-unit primary voltage of this transformer is
V, =V, +1 Zg, =1.00°+(0.8.£-31.8°){0.02+ j0.055) =1.037.£1.6°
and the voltage regulation is

_1037-10
T 10

VR *100% =3.7%

fc}  The base impedance of the transformer referred to the low-voltage side is:

3 Ve 3(115 Ky
100 MVA

L S

hase

=397 8

Fach per-unit impedance is converted to actual ohms referred to the low-voltage side by multiplying it by
this base impedance. The resulting equivalent circuit is shown below:

tLL &
T om m Y Y Yy e
7.940) 72180
Ay g 1 lfﬂm
v
?F’ 43.7 k0 § v,
JTo4 k0

R, =(002)(397 () =7.94 Q
Xpps —10.035)(397 Q)- 218 Q
R, ={110)(397 1 =13.7 k3
X, =(20)(397 Q)=7.94 I

Nate how 2asy it was to selve this problem in per-unit, compared with Problam 2-10 above.

2-12.  An aulotransCrmer iy used Lo commect 4 13.2-KY diviributicn line (o 4 13 .8-KV disuibution line. I mmust be
capable of handling 2000 KVA. There are three phases, comnected Y-Y with their neutrals solidly
grounded.

fa) What must the &_/ N turns ratio be to accomplish this connection?

(&) How much apparent power must the windings of each autctransformer handle?

{c) If one of the antotransiormers were reconnected as an ordinary transformer, what would it ratings be?



SOLUTION
{a) The transformer is comected Y-Y, so the primary and secondary phase voltages are the line voltages
divided by \g . The turns ratio of each autotransformer is given by

Ve _ No+Ng 138 KVA3
v, N, 132 kV/A3
132N, +132 N, =138 N,

132 N, =06 N,

Therefore, N,/ Ng = 22.

(#) The power advantage of this autotransformer is

8o No+Ng _ No+22N,
s, N. N

W oy oy

=123

so 1/22 of the power in each transformer goes through the windings. Since 1/3 of the total power is
associated with each phase, the windings in each autofransformer must handle

2000 kVA

Sy =————
(3)(22)

{c) The voltages across each phase of the autotransformer are 13.8/4/3 = 7967 V and 13.2//3 = 7621

V. The voltage across the common winding ( N, ) is 7621 KV, and the voltage across the series winding

(Ngg)is 7967 KV - 7621 kV = 346 V. Therefare, a single phase of the autotransformer connected as an
ardinary transformer would be rated at 7621/346 V and 30.3 KVA.

=303kVA

2-15. A 5000-VA 480/120-V conventional transformer is to be used to supply power from a 600-V source to a
120-V load. Congsider the transformer to be ideal, and assume that all insulation can handle 600 V.

() Sketch the transtormer comnection that will do the required job.
k) Find the kilovoltampere rating of the transformer in the configuration.

(c} Find the maximum primary and secondary currents under these conditions.

SoruTtioN (@) Far this configuration, the commeon winding must be the smaller of the two windings, and
Ny =4N .. The transformer connection is shown below:

+
NSE
|
600 V +
Ne 3 120V

th)  The KVA rating of the autotransfarmer can be found from the equation

No+N AN+ N

SE [

(5000 VA)= 6250 VA

{c)  The maximum primary current for this configuration will be

S _GBONA_ o
Ve 600 V
and the maximum secondary current is
S 06230VA
I,=—="""=521A

&

v, 120V



2-16.

A 3000-VA 480/120-V cunvandional transfurmer is (0 De used W supply power Gom g 600-V source Lo 4
480-V load. Consider the transformer to be ideal, and assume that all insulation can handle 600 V.

Answer the questions of Droblem 2-15 far this transformer.

SoLumiom  fa) For this configuraticn, the commen winding must be the larger of the two windings, and

N-=4N,. The transtormer connection is shown below:

(b)

fe)

el0 v >
03

The EVA rating of the autotransformer can be found from the equation
¢ Ngtl-o _ N93+'4NSE(

1 W
v JV B

5000 VA)= 25,000 VA

Nes

The maximum primary current for this corfiguration will be
S 25,000VA
V. 600V

=141.67 A

I.=

arnd Uie maximun secondary currer, is

Note that the apparent power handling capability of the autotransformer is suech higher when there is only
a small difference between primary and secondary voltages. Autotransformers are normally only nsed

S _BOOVA 55
v, sV

when there is a small difference hetweaen the twn voliage lavels.



2-19. A 20-kVA 20,000/480-V 60-Hz distribution transformer is tested with the following resulis:

Open-circuit test Short-circuit test

{measured from secondary side) {measured from primary side)
Voo =480V Voo = 1130V

IOC: 160 A ISC =1.00A

Voo=305 W Poc=200W

(e} Find the per-unit equivalent circuit for this transformer at 60 Hz.
(k) What would the rating of this transformer be if it were operated on a 30-Hz power system?
{c) Sketch the equivalent circuit of this transformer referred to the primary side if it is eperating ai 50 Hz.

SoLuTioN

{a) The base impedance of this transformer referred to the primary side is

V 2 2
Zbase,P — ( P) — (ZO’COOV) =20k
A 20 kVA

The base impedance of this transformer referred to the secondary side is

V.Y (480 V)
Zyes = ( g) :7(20 k‘\fl =11.52Q

The open circuit test yields the values for the excitation branch (referred to the secondary side):

I
[P | =225 = LOA 500333 s
Ve 480V
O=—cos™ —for_ —_cost 5w —66.6°
Voo Lo (480 V)(1.60 A)

Yo =G, — jB, =0.00333/ — 66.6°=0.00132 — j0.00306
R.=l/G, =757 Q
X, =1/B,=327T0Q

The excitation branch elements can be expressed in per-unit as

75

_ 210 _,
11520

#1500

=65.7 pu

8.4 pu

The short circuit test yields the values for the series impedances (referred to the primary side):

v, 1130V
|25 | =2 = =1130 Q
I. LOOA
P 260 W
f=cos —X— =cos! =76.7°
Ve e (1130 V}(1.00 A)

Zing = Rpp + X g =113076.7° = 260 + f1100 L2

The resulting per-unit impedances are

260 Q2 1100 8
=—"—"""" =0.013pu X ,=————" =00355
Feo 20,000 €2 P e 20,0008 w
The per-unit equivalent circuit is
L. L

—_— REQ jXEQ —_—
c AN YYY
+ 0.013 J0.055 +

v, R :; P v,

65.7 284

(&) If this transformer were operated at 50 Iz, both the voltage and apparent power would have to be
derated by a factor of 50760, so its ratings would be 16.67 KV A, 16,667/400 V, and 50 Hz.



{c)  The transformer parametars referred to the primary side ar 60 Hz are:

Ry — Zy Roy — (20 KQ){(657) — 1.31 MQ
Xy = Zos K og o = (20 KQ)(28.4) = 568 kQ
po = Zy Ry u = (20 kQ)(0.013) = 250 0
Koo = Zrs Xap e = (20 kQ){0.055)=1100Q

At 50 Hz, the resistance will be unaffected but the reactances are reduced in direct propartion to the
decrease in frequency. At 50 He, the reactances are

x, - 2He (368 kQ) =473 kQ
60 Hz
q

Y = S0 Hz

(1100€2)=917 22
60Hz

The resulting equivalent circuit referred to the primary at 50 Hz is shown belaw:

IF I,S‘
—_— REQ jXEQ —_—
— AWA—— YV —s

+ 20080 917TQ +
vV, R.2 oy v,
1.31 MQ AT KL




2-22,

A single-phase 10-KVA  480/120-V (ranslormer is 0 e used as an aulclransformer lying a 600-V
distritmtion line to a 480-V Inad. When it is tested as a conventional rransformer, the following valnes are
measured on the primary (480-V) side of the transtormer:
Open-circuil leyl Shori-circuil Lest
VC-‘C =480V V,\gc =100V
f.-—0D41 A I-—106A
Ve =38 W Py =20W
{a) Find the per-unit equivalent circnit of this transformer when it is comected in the conventional manner.
What is the efficiency of the transformer at rated conditions and unity power factor? What is the
volrage regulation ar those conditions?

&) Sketch the transtormer connactions when it is nsed as a 6004480-V step-down autotranstormer.
¢} What is the kilovoltampere rating of this transformer when it is used in the autotransformer connoction?

id} Answer the questions in () for the antotransformer connection.

SoLuTIoN

) The base impedance of this transformer referred to the primary side is
s vy _ (a0 N33

w=E§ 0 10kvVA

The open circuit test vields the values for the excitation branch (referted to the primary side):

_Tye _041A

[Fee Voo 480V

=2304 0

=0000854 S

35 W
&= cos! Fe _ cos" LS\ W = 7887
Voo Lao (480 V1(0.41 A)
Yoo = Go— jB, =0.000854/ - 78.877 = 0.000105 - jO.00CE38
R =1/G.=606302
X, =1iRB, =119382
The excitaticn branch elements can be expressed in per-unit as
6003 €2 _ 253 pu X, = 119302
23010 © 2304 €L
The short circuit test vields the values for the series impedances (teferred to the primary sida):
Vi 100V

|ZEQ|:§_ 106 A

=318 pu

‘RC‘:

=0943 &

G=cos™ _fe =cos” W
V.1 (100 V){10.6 A)

A0 T80

Ty = Rep+ jX 5y =0.943£75.8°= 0231+ j0.915 Q

=75.8°

The resulting per-unit impedances are

02310 0.915C
- ~0.010 -
23040 P 03040

R, =0.0397 pu

The per-unit equivalent circuit is

IP IS
— R 0 X g —>
o AV Y Y'Yy a

+ 0.010  j0.0397 +

Py Vs

o
wd
1

AAA
Yvy
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Al raled conditions and unily power faclor, the inpul power o this transformer would be £y = 1.0 pu.
The core losses (inresistor K, ) would be
~v? (1of

P =—=""'-000380 pu
R, 263

The copper losses (in resistor Ky ) would be

Py =I"Ry, =(10)°{0010)=001C pu
The cutput power of the transformer would be

Po=Py—P—P _=10-0010-0.0038=0986

and the transformer efficiency would be

5=F0 1009 = 2250 100% = 98.6%
By 1.0

The cutput voltage of this transformer is
Vourr =V, 12, =10~ (1 .040"){0.01 +/00397)=0991,-2.3°
The voltage regulation of the transformer is

~1.0-0991
0991

{8)  The autotransformer comection for 600/480 V stepdown operaticn is

X100 =0.9%

[
+ +
NSE VSE
600 V + +
N3V

© c 480V




(c) When used as an autotransformer, the kWA rating of this transfarmer becomes:
_N.+Ng 4+1

S, =——(10kVA)=50kVA

5
10 N 1

(@) As an mimofransformer, the per-nit series impedance Z £3 is decreasec hy the reciprocal of the power

advantage, so the series impedance becomes

D010
o~ T —(0.002 Fu
0.0397
X, =g =000794pu

while the magnetization tranch slements are bagically unchangad. At rated conditions and wnity power
factor, the input power to this transformer would be P, = 1.0 pu. The core losses (in resistor R, ) would
be

vio(Loy

P =—=""1-000380 pu
R, 203

The copper Iogses (in resistor REQ ) wonld be
By = PRy, =(1.0) {00021 =0002 pu
The oatpur power of the transformer would be
FPonr=Fyr— By — B, =1.0-0002-00038 =0.99%4
and the transformer efficiency would be
ﬂzpo—UTXIOD"' _09%4 x100% =99 4%
- 1.0

The oatpur voltage of this transformer is
Vour = Vi — 125, =1.0—-(1.0£0°)(C002 + jOOD794) =0.998£ —0.5°

The voltage regulation of the tramsformer is

_1.0-0998

VR = x100% =0.2%
0.995



