Problem Set #2 Transformers and per unit value

2-1 (Grainger and Stevenson, Jr. Chapter 2, Prob. 2.8)
A single-phase transformer rated 1.2kV/120V, 7.2kVA yields the following test results:
Open circuit test (primary-open)
Voltage V, =120V; current I, =1.2 A; power W, = 40 W
Short circuit test (secondary-shorted)
Voltage V1 =20V; currentl; =6.0A;  power W; =36 W
Determine
a) The parameters Ri=ri+a’rs, X1=x;+a’Xz, G, and By, referred to the primary side,
Fig. 2.7.
b) The values of the above parameters referred to the secondary side.
c) The efficiency of the transformer when it delivers 6kVA at 120V and 0.9 power
factor.

i X2 a r2

Ideal

Fig. 2.7 Equivalent circuit for a single-phase transformer with an ideal transformer of
turns ratio a=N1/N,.

Solution:

(a) From open-circuit test,

G, = Wy/Vi = 40/120°S = 2.78x 103 §
Y| L/Va = 1.2/120S8 = 001 S

B,

a

Y22 =G.? = 9606 x 1072 §
1.2x103/120 = 10

Therefore,
Ge = G./a* = 278x1075 §
B, = Bl /a’® = 9.606 x 10~5 §
From the short-circuit test,

R = Wi/I? = 36/60°Q = 10 Q
1Z| Vi/l; = 20/60Q = 333 Q

X = IZ?P-R = 318 Q



R = R/d® =001 Q X' = X/a® = 00318 Q
G, = 278x1073 S B, = 9.606x 1073 S

m

(c) When S =6.0kVA and V, =120 V,

I, = 6—:2—213 A =50 A
Corelossat Vo, = 120V = 40 W
Winding loassat I, = 50 A = |LI?R’ = 50°x 001 W = 25 W
Power output at S, = 6.0 kVA at 0.9 pf. = 6x10°x09W = 5400 W
n = _ﬂ-— = 098.81 %
5400 + 40+ 25

2-2 (Grainger and Stevenson, Jr. Chapter 2, Prob. 2.10)

A single-phase system similar to that shown in Fig. 2.10 has two transformers A-B and
B-C connected by a line B feeding a load at the receiving end C. The ratings and
parameter values of the components are:

Transformer A-B: 500V/1.5kV, 9.6kVA, leakage reactance = 5%
Transformer B-C: 1.2kV/120V, 7.2kVA, leakage reactance = 4%
Line B: series impedance = (1.5+j3.0) Q

Load C: 120V, 6kVA at 0.8 power-factor lagging

a) Determine the value of the load impedance in ohms and the actual ohmic
impedances of the two transformers referred to both their primary and secondary
sides.

b) Choosing 1.2 kV as the voltage base for circuit B and 10 kVVA as the systemwide
KV A base, express all system impedances in per unit.

c) What value of sending-end voltage corresponds to the given loading conditions?

A-B B-C

Fig. 2.10 Circuit of two transformers connected in series



Solution:
(@) Ohmic impedances

5002
9.6 x 103
1.5% x 108
S dary: ————— xj

econdary 96 % 105 x 70.05
1.22 x 106
7.2 x 103

1202 :

S dary: — %] =3
econdary T2 10° x 70.04 70.08 Q
v 1

. 202 1
Load: IS0 /8 = %107 1Oagcos 0.8

Transformer A-B » Primary: x 70.05

]

71302 Q

711.719 Q

Transformer B-C Primary: x 70.04

]

780 Q

(b) Impedance bases

. 1.22 x 108
ircui 0% 105 Q 144 Q
. 1202

C itC:. — = 1.
ircui 0% 105 Q 1.44 Q

Per unit impedances on new bases:

J11.719
Transformer A-B: I a3

8
141
(1.5 + j3.0)
144

Load: —/36.9°

70.08138 per unit

Transformer B-C:

70.0556 per unit

Line B: 0.0104 + 70.0208 per unit

1.667736.9° per unit

(¢) Sending-end voltage calculations

S.E. 0.0104 + j 0.0208 RE.
o—_tYVY\__ p——

joo0s138 T j0.0SS6
S—

4/
T 1.667 £36.9° p.u.
(0.0104 + 3 0.15778) p.u.

VR = 120V = 1.0 per unit
1.667,.36.9° + (0.0104 + 50.15778) .
Vs 1.0 x 16677 36.0° 1.0642 per unit
The sending-end voltage base is
500

mxl.2xlos = 400 V

Therefore, the required sending-end voltage is

VS, base =

Vs = 400 x 1.0642 = 425.69 V

24,36.9° Q



2-3 (Grainger and Stevenson, Jr. Chapter 2, Prob. 2.14)

2.14. A transformer rated 200 MVA, 345Y /20.5A kV connects a balanced load rated
180 MVA, 22.5 kV, 0.8 power-factor lag to a transmission line. Determine
(a) The rating of each of three single-phase transformers which when properly
connected will be equivalent to the above three-phase transformer.
(b) The complex impedance of the load in per unit in the impedance diagram if
the base in the transmission line is 100 MVA, 345 kV.

Solution:

(a) Each single-phase transformer is rated 200/3 = 66.7 MVA. Voltage rating is (345/ V3) /205
or 199.2/20.5 kV.

(b)

Load Z = (212;))24cos'108 = 2.81,36.87° Q (low-voltage side)
At the load,
Base V = 205 kV
Base Z = (21L050)_i = 420 Q
Load Z = %—%M = 0.669/36.87° per unit

2-4 (Grainger and Stevenson, Jr. Chapter 2, Prob. 2.15)

2.15. A three-phase transformer rated 5 MVA, 115/13.2 kV has per-phase series
impedance of (0.007 + j0.075) per unit. The transformer is connected to a short
distribution line which can be represented by a series impedance per phase of
(0.02 + j0.10) per unit on a base of 10 MVA, 13.2 kV. The line supplies a balanced
threc-phase load rated 4 MVA, 13.2 kV, with lagging power factor 0.85.

(a) Draw an equivalent circuit of the system indicating all impedances in per unit.
Choose 10 MVA, 13.2 kVA as the base at the load.

(h) With the voltage at the primary side of the transformer held constant at 115
kV, the load at the receiving end of the line is disconnected. Find the voltage
rcgulation at the load.




Solution:

(a) Base voltages are shown on the single-line diagram.

115kV 3 € 1324V |

st [—* Load
10 A . :
Transformer Z = — (0.007+ ;0.075) = 0.014 + 70.150 per unit
2
Vs = 1.0 per unit
Line Z = 0.02+ 70.10 per unit
_ (13.2)2 x 1000 _ -
Load |Z] = 3400/0.85 43.56 Q
13.2)2
Base Z at load = ( ) = 1742 Q
10
43.56 1 o o
Load Z = 17424005 0.85 = 250,318

= 2.125+4 71.317 per unit

0.014 +j0.150 0.02 + j0.10

2125
Vs Vi

l | 3

(values are in per unit)

(b) Voltage regulation calculations

1.0 1.0
I — f—
0.014 +0.02 + 2.125 + 5(0.150 + 0.10 + 1.317) 2.668/35.97°
= 0375,-35.97° per unit

Vrrr = 0375,-3597° x25,31.8° = 0.937,—-4.17° per unit

Venve = Vs =10
1-0.937

VR = ——— = 6.
R 5937 % 100 6.72 %

2-5 (Grainger and Stevenson, Jr. Chapter 2, Prob. 2.16)

Three identical single-phase transformers, each rated 1.2kV/120V, 7.2kVA and having a
leakage reactance of 0.05 per unit, are connected together to form a three-phase bank. A
balanced Y-connected load of 5 Q per phase is connected across the secondary of the
bank. Determine the Y-equivalent per-phase impedance (in ohms and in per unit) seen
from the primary side when the transformer bank is connected (a) Y-Y, (b) Y-A, (c) A-Y,
(d) A-A. Use Table 2.1.



TABLE 2.1

Transferring ohmic values of per-phase impedances
from one side of a three-phase transformer to another™

vy ]

Ny : N,
Vinl Vil | |2y,
v . 1 |
Vol Vul Viy - & . YE = ﬂ
l Wyl V2, Via Ny T Wy N,
& 2 2
LA Vie
2 (3) % 22
Y-A
Ny:No/V3
Vin Vil |2,
| Yy |
Weel V| M V| a0
l lVLN‘ Vll N2 ’ Vvll NZ
4 N v
1 LL
Zy = Z, =\—| Z,
" (Nz/ﬁ ) 7
N /Y8 N,
Vinl [Vl Z;,
| 1
Froowl| Ve M fVer) LM
Vi L Vin N, Vil V3 N,
o (N8N, |Vl
H Ng L ‘/” L

A-A

N /Y3 i Np/V8

T f

Vil Vil | 120
Vin|_ N/V8 Ve o M
Vi | Np/V8 ' | Vi Ny
2 .
= Nl/\/g Z, = ﬁ IZ
# FVC3 A

‘Sccondary load consists of balanced Y-connected impedances Z; .




Solution:

(a) Y-Y connection:

1.2fTkv /120 V
Vel = 12x 103 x V3 V iX 7.23xE3kVA
YNYY\
Vul = 120V3 V 38
2
, B} 1200+/3 . r r
RL = 23X (m) = 500 Q z R
2
(1.2v3)" x 10°
Z = Trxamxs - W =
X, = 005 perunit = 200x005Q = 10 Q
Z; = (500+710)
(&) Y-A connection: 1.2TkV 7120V
X% 72x3kVA
Vil = 1200x V3 V MmN ?ag
Vul = 120V r r
2
12003 2 R’ R
RL SX( 120 )
X; = 10 § from part (a) —
zZ; (1500 + j10) Q
(¢) A-Y connection: 12KV / 12007V
iX 72%3kVA
Vil 1200 V fa2'22 2" gEF
Vil = 1203 V l—' r
1200 \? 500
R, = 5x|{—— = — = 16667 Q@ R’
£ (120\/5) 3
12002 .
2 = Tax3xis - %0 °
X: = 0.05 perunit = 66.67x0.050Q = 3.33 Q
Z, = (166.67+j333) Q
(d}) A-A connection: iX 1271:;/ : 132&\1
mnm 3€
Vel = 1200 V 3&
i r r
, 1200\*  _ z R
RL 9 X <-EEO—> = 500 Q
X; = 3.33 Q from part (c) =

3

(500 + 73.33) Q



2-6 (Keyhani Lecture)

It is frequently necessary to change impedance data from one base to another. Prove that,

v, 1[s
zpu2 — Zpu1|:£j| 342
Vb2 Sa¢b1

where subscripts 1 and 2 represent different base sets.

Proof:
Vix
Z Zpul S V 2 S
7 _ SActual _ 3¢l _ 7 Vb1 3¢h2
ez V2 Pty S
b2 b2 b2 3¢l
S3¢b2

2-7 (Keyhani Lecture)

A given impedance is 0.050 per-unit on bases of Vb=138kV and S3y,=200MVA.
Calculate Z in per-unit if base values for Vb and Ssq, are, respectively,

a) 138 kV, 100 MVA

b) 132 kV, 200 MVA

c) 132 kv, 100 MVA

Solution:
- 12

a) Z yinew = 10.05 @ [@} = j0.025
1138 | | 200
r 12

b) Z pen = j0.05 @ @ = j0.0546
1132 | | 200
r 72

c) Z pew = j0.05 @ @ = j0.0273
1132 ] | 200

2-8 (Keyhani Lecture)

A transformer bank is composed of three single-phase transformers supplying a three-
phase load consisting of three identical 10 Q resistors. Each single-phase transformer is
rated 10 MVA, 38.1-3.81 kV, with a leakage reactance of 10%. Resistance may be
neglected. The load is connected to the low-voltage side of the bank. The first symbol in
the designation of the transformer connection in column 1 of the table included as part of
the problem indicates the connection of the high-tension side of the transformer bank. Fill
in the blanks in the table for a base of 30 MVVA. The impedance that would be marked on
an impedance diagram is either the ohmic or the per-unit value of the impedance of one
phase of the Y-connected equivalent circuit.



Transformer | Load Line-to- Base Z, Z viewed Zof | Z viewed
Connection | Connection | line Q from HT, Q | load, | from HT,
Q) 2 base, kV @) per per unit
LT |HT |LT HT unit | (9)
@) |4 [(B) [(6) (8)
1) Y-Y Y 6.6 |66 |1.452|145.2 |1000+j14.52 | 6.887 | 6.887+j0.1
2) Y-Y A 6.6 |66 |1.452|145.2|333+j14.52 |2.29 | 2.31+j0.1
3) Y-A Y 3.81 |66 |0.485| 145.2 | 3000+j14.52 | 20.67 | 20.6+j0.1
4) Y-A A 3.81 |66 |0.485|145.2 | 1000+j14.52 | 6.887 | 6.887+j0.1
5) A-Y Y 6.6 |38.1|1.452|485 | 333+j4.85 6.887 | 6.887+j0.1
6) A-Y A 6.6 |38.1|1.452 485 |111+j4.85 2.29 | 2.29+j0.1

NOTE: Column 7 refers to the impedance in ohms of the transformer plus the load
viewed from the high tension side of the transformer. Column 8 refers to the per-unit
impedance of the load computed on the base for the load circuit. Column 9 refers to the
impedance of the transformer and load viewed from the high-tension side of the
transformer expressed in per unit on the base for the high-tension circuit.

Solution:

1)

V,, =38.1x+/3=66kV,

S, =30 MVA
V,, =3.81x+/3=6.6kV

66° 6.6°
Zb,HV :—0:14529, Zb,LV =¥=14529
10 .
Z, ,=——=6.887, Z o = 6887+ jO.1,
™ 1.452 |
Ziowv = Zinpu - Zpy =(6.887 + j0.1)x145.2 =1000 + j14.52 Q)

2) The load is A-connected. Its Y-connection equivalent is 10/3=3.33 Q2. The rest is the
same as above.

3)

High voltage side is Y-connected: V,,,, = 38.1x /3 = 66 kV
Low voltage side is A-connected: V,;,, =3.81kV
66° 3.81°

Zow =357 =1452Q, Z,, =——=048387Q
10 .
= =20667, Z,, =20.667+j0.1
0.48387

Zinww = Zinpu * Loy = (20.667 + j0.1)x145.2 = 3000 + j14.52 Q)

in,HV



