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example- Transformer VR & Efficiency using Secondary Equiv. Circuit

A transformer is rated 2300 Vims : 208 Vims and 45 kVA at 60 Hz. It has per-
unit equivalent circuit parameters- Req= 0.02, Xeq= 0.04, Rc= 90, & Xm = 20.
Determine the secondary equivalent circuit. Then, find the voltage regulation
(VR) and efficiency for loads of : a) 40 kVA w/ 0.9 leading PF, b) 40 kVA w/
a unity PF, and c¢) 38 kVA w/ 0.65 lagging PF.

Per (3-5), calculate turns ratio a = Vp/ Vs=2300/208 = a=11.0577.
Choose: Sbase =45 kVA and Fpase =208 Vims (secondary side).

Then Ibase Sbase / Vbase 45,000 / 208 f— Ibase 216 346 Arms

PGI' (3 61) Zbase Vbase /Ibase 208 / 216 346 = Zbase 0 9614222 Q

The secondary equivalent circuit values are:

Re.s= Repu (Zoase) =90 (0.9614222) — Rcs=86.528Q,
Xors= Xt pu (Zoase) =20 (0.9614222) = Xus=19.2284 Q.

Regs= Regpu (Zvase) =0.02 (0.9614222) = Reg,s=0.019228 Q.

and Xog 5= Xogpu (Ziase) =0.04 (0.9614222) = Xegspu=0.038457 Q.

Secondary Equivalent Circuit
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a) Given S,=40 kVA and PF, = 0.9 leading. Let V, =20820° (V._ ).
Then, Is=1.= 8./ Vs=40,000/208 = 192.3077 Arms.
Using the power factor, 8,= 0y - 0, = cos'(0.9) =-25.842° = ;= 25.842°.

This yields 7, =192.3077./25.842° (A_).

—£ =715(0.01923 + j0.03846) + V
a

By KVL, =192.3/25.842°(0.01923+ j0.03846)+208./0°.
=208.2685./2.275° (V. )

Per (3-68), the voltage regulation 1s
VP

£ -V
208.2685 -2
VR =-4 x100% = 08 2?)?3 08><100% = VR.= 0.129%.

a
S

The output power is P,,, =S, (PF,)=40,000(0.9) = Pouta=36,000 W.

out,a
2
) aopass
208.2685
The core losses are P, = a/) _
’ R 86.528

j— Pcore,a= 501.29 W

C,S

The wire/copper losses are F. = ISZReq’S =192.31(0.01923)
:>PCu,a =T711.1W.

Per (3-72), the efficiency is

_36,000x100%
36,000+ (711.11+501.29)

ix 1009

P +P

out loss

", = = 7= 96.74%.
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b) Given S,=45kVA and PF,=1. Let ¥, =20820° (V).
Then, Is= 1= 81/ Vs=45,000/208 =216.346 Ammns.
Using the power factor, 6= 0y- ,=cos'(1)=0° = & =0°.

So, I, =216.34620° (A_).

|-~

=216.346.£0° (0.01923 + j0.03846) + 208.£0°
By KVL, g .

=212.323£2.246° (V._)

Per (3-68), the voltage regulation is
VP

2
212.323-2
VR, =-4——x100% = 3258 98 ,100% = VRy=2.08%.

S

0

I 2
p _\a) _212.323

coreb R 86.528

The output power is P, , =S, (PF, ) = 45,000(1) = Pouts = 45,000 W.

The core losses are = Peores =521 W.

(O

The wire/copper losses are F., = ISZR%S =216.35%(0.01923)
= PCu,b =900 W.

Per (3-72), the efficiency is

P 45,000 x100%
7, = — % 100% = * T = 7p=96.94%.
P _+P_ 45,000 + (521+900)
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¢) Given S.=38 kVA and PF, = 0.65 lagging. Let V', =208.20° (V._).
Then, Is= 1= 8./ Vs=38,000/208 = 182.6923 Ams.
Using power factor, 8.= 6y- ;= cos(0.9) =49.4584° = @, =-45.4584°,

So, T, =182.6923/ —49.4584° (A_ ).

|-

=182.6923.£ —49.4584° (0.01923 + j0.03846) + 208.£0°
By KVL, .

=215.63085£0.504° (V_,)

Per (3-68), the voltage regulation 1s
VP

LV
215.63-2
VR =-4 x100% = 5238 08><100% = VR.=3.67%.

c
S

The output power is P, =S, (PE,)=38,000(0.65) = Poute=24.700 W.

out,c
2
%) s
215.63
The core losses are P, = a) _
’ RC,S 86.528

f— Pcore,c= 537.36 W

The copper losses are F., = ISZReq,S =182.6923%(0.01923)
:>PCu,c= 641.78 W.

Per (3-72), the efficiency is

P 0
p, = — T q009, = 2% 700x100% — 7e=95.4%.
P_+P_ 24,700 + (641.78 +537.36) |



