ECE 320
HW4 Per unit

1. 2.1bonpage 144
2.1 b A 20kVA, 8000/480V distribution transformer has the resistance and reactances shown in

the upper figure. Find the per unit equivalent circuit.
kVA := kV-A

On the left side of the transformer, On the right side of the transformer,

2 2
(8000-V) (480-V)
z =— Z =6400Q =— Z =2.304 Q
baseH 100.KVA ~DaseH basel "~ '100.kVA baseL
Converting each element to per unit by dividing its ohmic value by the Zbase on its side of the
transformer:

Rp =5 Rg:=0.05-Q2
Xp = 6-Q Xg = 0.06-€2
Rc = 50-k2 X = 10-k$2
R : e R 7.813 x 10 3 R : s R 0.0217
P = P = . S = S = .
- ZhaseH Py Py Zhasel Py
Xppip - X X 9.375 x 10 3 Xepp: %s X 0.02604
P = P = J. S = S = U.
P Zpaser Pu U Zpasel. pu
Repu=— Repy = 78125 XMpu==>—— XMpy = 15.625
- ZpaseH Py Py ZhaseH Py
5ohms j6 ohms j0.06 ohms  0.05 ohm
j10k Ohms 50kohms
8000V: 277V
0.0078 j0.0094 j0.026 0.0217
WW NVW—/VV\/—
115.625

78.125




2. 2.1con page 144. Work the problem in per unit. Leave the answer in per unit.

2. Problem 2.1c on page 144 of the textbook

Asume that this transformer is supplying rated load at 277 V and 0.85pf lagging. What is this
transformer's input voltage? What is its voltage regulation?

Restate the circuit parameters. lagging = 1 =1
VLpu =10  pf_:= 0.85-lagging 'Lpu =10 0 = acos(pfl_) = 31.788deg
Rep = 0022  Rpy,=7813x 10 °  Xgo = 0026  Xpo =9375x 10 °
Spu=" Ppu = /019X Spu = Ppu = v/ X
Repy = 78.125 Xppy = 15.625

Use circuit analysis to work toward the input voltage.

: —1o :
VMpu = Vipu + (Rspu + 1-Xspu) ILpur® = 1.032 + 0.011i

S RUIAYY M
lon = Iy e e —Pd VP 864 _ 0593
Ppu Lpu X R
J*AMpu Cpu

Vinpu= VMpu + ppu(Rppu + 1-Xppu) = 1.044 + 0.014i

|Vinpu| = 1.045 arg(Vinpy) = 0.777 deg

Calculate the voltage regulation.

~ Vinpu| = [Vip]

Vregulation = |V

= 4.266 %
inpu|



3. Problem 2.24 on page 150-151 of the textbook. Work the
problem and do the calculations in per unit.

Figure P2-24 shows a one-line diagram of a power system consisting of a three phase 480V, 60 Hz
generator supplying two loads through a transmission line with a pair of transformers at either end.

a. Sketch the per phase equivalent circuit of this power system.

. . . . . j-36.87-deg
R11 = 0.010 Zjine = (1.5+]-10)-Q R1o == 0.020 Z| gaq1 = 045-€ -Q
Xt1:=0.040 X1 = 0.085 Z| gad2 = —1-0.8-2

6
St1:=10"-V-A St1p = 500-kV-A

Define the system base for this power system.
6.
Spase = 10 V-A Vbaseg =480V Vpaseline = 144KV Vjygee = 480V

Define base impedances as necessary.

2 2 2
V, ; V ; \Y/
baseline baseline baseL
= 207.36 2 ZpaseT2 = S— =41472Q Zhasel =—

Shase T2 Shase

Zhaseline = = 0230

Convert the transformer T1 to the system base.

ZbaseT2 ZbaseT2

= 0.04 X'19 = X9 > — = 0.17
baseline

Rr2=Rrpo—
baseline

Calculate the line impedance in per unit on the system base.

Z .
line — .
Zline = =7.234 x 10 3 + 0.048i
zbaseline

Calculate the load impedances in per unit on the system base.

z z
, Loadl . , Load?2
Z'| padl = 7 = 1562 + 1.172i Z'| pad2 =

baseL baseL

= -3.472i

The input voltage is 480V, which is 1.0 per unit. The transformer T1 is already on the system base.

Vip=10 R'r1:=0.010 X'11:=0.040



Draw the result

0.010 j0.040 0.00723 j0.048 0.040 jO.17

b. With the switch open (only Load 1 connected), find the real power P, reactive power Q, and apparent
power S supplied by the generator. What is the power factor of the generator?

Find the current with a loop equation.

Vin

Rr1 13X 71+ Zline + R12 + 1 X712 + ZL0ad1

= 0.347 — 0.306i = 0.463

lgen1 = | Igen1|
arg('genl) = —41.442-deg
Calculate the complex power in and then sort out the P, Q, and S of the generator.

S.

in = Vinlgen1 = 0347 + 0.306i  |Sjp| = 0.463

Pgen1 = Re(Sjpn) = 0.347 Qgen1 = IM(Sjp) = 0.306 Sgen1 = | Sin| = 0463

Power factor of the generator is

P
enl .
pfgenl = Sg— = 0.75-lagging
genl

c¢. With the switch closed, find the real power P, reactive power Q, apparent power S of the generator. What
is the power factor of the generator?

Calculate the new load impedance.

, 1 .
7| oad = T = 2436+ 0114

1

+
Zloadl ZLoad2



Find the current in a similar manner as before.

Vin

= 0.392 — 0.059i =0.397

['gen?]

arg(lgenz) = —8.495-deg

len2 = R S 7 TRt Xyt 2
TP ATLH Lline T R12 7 1A T2+ £L0ad

Calculate the complex power in and then sort out the P, Q, and S of the generator.

Sin= Vin'lgenz = 0392 + 0.059i |S;p| = 0.397

Pgen2 = Re(Sjp) = 0.392 Qgen2 = IM(Sjp) = 0.059 Sgen2 = |Sin| = 0.397
Power factor of the generator is

Pgen2

pfgenz = = 0.989-lagging

Sgen2

d. What are the transmission losses (line losses plus transformer losses) in this system with the switch
open? With the switch closed? what is the effect of adding Load 2 to the system?

Ptry = (| Igen1| )2'(R'T1 + Re(Z'Iine) + R'T2> = 0012

P2 = (|lgenz] )*-(R71 + Re(Zjine) + Rr2) = 9006 x 10 °

Adding capacitance reduces the line current and line losses. That's why the power company charges
industrial customers according to their power factor as well as per Watt consumed.



4. 2.14 on page 148. Work the problem in per unit this time, both without the effect of the

transformers in the circuit (circuit (a)) and then with the effect of the transformers (circuit (b)).
2.14 A 13.2kV single phase generator supplies power to a load through a transmission line. The
load's impedance is Z,,,,=500 ohms at 36.87 degrees, and the transmission line impedance is
Z;i,e=60 ohms at 53.1 degrees.

a. If the generator is connected to the load, what is the ratio of the load voltage to the generated
voltage? What are the transmission losses of the system?

b. If a 1:10 step up transformer is placed at the output of the generator and a 10:1 transformer is
placed at the load end of the transmission line, what is the new ratio of the load voltage to the
generated voltage? What are the transmission line losses of the system now? Assume the
transformers to be ideal.

Do the problem in per unit.

) ) j-53.1-deg . j-36.87-deg
Vg = 13.2.kV Zlines= 60-€ -Q Z|pad = 500-€ -Q
For the first part of the problem, assume the following bases:
2
_ _ _ Vhase
Vpase = 13.2:-kV Zpase = 500-Q Shaser= = Shase = 348.48-KW
base
Convert the circuit elements to per unit.
Ve Ve 7 Zline 7 Zload
G = I = =
Vbase Zpase Zpase
Vg=1 Zjine = 0.072 + 0.096i Z|pad = 0-8 + 0.6i

Use voltage division to get the load voltage:

V)pad = 0-896 — 0.027i |v,oad| =089  arg(Vjgaq) = ~1.723-deg

Calculate the voltage ratio of input to output as requested.

Vload
| | = 0.896
Vel
To find the losses, calculate the line current first.
Ve
Iy = —— lin = 0.701 — 0.559i
line - line
ZJine * Zload

Then use I2R to find the losses.
Ploss = (| IIine| )Z'Re(znne) Ploss = 0-058

Checking, the losses in watts are,



Ploss Spage = 20-17-kW

Now find the same items with the transformers in place. The base voltage and impedance are the

same for load and generator, but different for the line.

Vbase = 13-2-kV Nbaseliney= Vbase 10 Zhase = 5002

Vbaseline = 132-kV

Convert the line impedance to per unit.

Zyine= 60-€' 53.1-deg ()
Z .
line
Zling, .= ——————
Zbaseline

Zjine = 7205 x 10 * + 95961 x 107 *
Use voltage division to get the load voltage:

ZIoad
Zjine * Zload

Calculate the voltage ratio of input to output as requested.

Visad= V& Vioad = 0-999 — 3:346i x [Vjgaq| = 0.999

|Vload|
Vel

= 0.9988

To find the losses, calculate the line current first.

Ve

= ————— ljjne = 0.799 — 0.6i
Zjine * Zload

Then use I2R to find the losses.

Ploss.= (| |"ne| )Z'Re(zline) Ploss = 7-188 x 10 4

Checking, the losses in watts are,

Ploss Spage = 0-251-kW

2
Shaselinex= Zhase 10

Zhaseline = 50-kQ

arg(V|oad) = —0.019-deg



5. Aone-line diagram of an unloaded power system is shown below. Reactances of the two
sections of transmission line are shown on the diagram. The generators and transformers
are specified as follows:

Generator 1 20 MVA 6.9kV X=0.15 per unit
Generator 2 10 MVA 6.9kV X=0.15 per unit
Generator 3 30 MVA 13.8kVv X=0.15 per unit
Transformer 1 25 MVA 6.9kV : 115kV X=10%
Transformer 2 12 MVA 6.9kV : 115kV X=10%
Transformer 3 30 MVA 10:1 X=10%

Draw a circuit diagram for this system with all reactances labelled in per unit. Choose a base of
30 MVA and 6.9kV at generator 1.

ar o
j100 Ohms | j80 Ohms
O Han®

j 80 Ohms

T2
16

MVA = 106~V~A
Select a base of 30 MVA and 6.9kV.

115-kV
Spi= 3010° VA Vipg = 69KV Vi = 115KV Vg = = 115KV Vi, = 6.9KV
Vb12 Vb22
Zpy = —— = 1587Q  Z,i= —— = 4408330
s s
b b
Vb32 Vb42
Zpyi= —— = 4408Q  Zp, = —— = 15870
s s
b b
Compute the bases of the equipment.
(6.9-KV)° (6.9-KV)? (13.8-KV)?
Zieq = o) 23810 Zyay = L 47610 Zpen = ) _ 63480
bG1 ™ H0.MvA bGZ ™ "19.mvA bG3 ™ “30.MVA
(6.9-KV)? (6.9-KV)? (11.5-KV)?
Ziq = o 19040 Zyproi= ) 39670 Zprai= o) _ 44080
bT1™ 5. MvA bT2"™ 15 MvA b3~ “30.MvA

List the impedances of the equipment.

/\%(/\MN:: 0.10 /\%(/\;';\21\/:: 0.10 XT3 =0.10



Compute the impedances on the system base.

Xq-Z Xv1-2Z
G14bG1 T1ZpT1
Xgp = ——— = 0225 X = ———— = 0.12
i Zp1
Xen-Z Xvo-Z
G2'ZbG2 T2 ZpT2
Xgp = — o = 0.45 Xip = ———— = 0.25
Zha Zpg
Xn-Z Xvn-Z
G3ZbG3 T3ZpT3
Xg3i= —o— = 0216 Xgi= ——— =01
Zp3 Zp3

Compute the line impedances.

Xlinel = M = 0.227i
Z
b2
(j-80-2) .
XIineZ = Z— = 0.181i
b2
(j-80-92) .
Xline3 = Z— = 0.181i

b2



