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ECL 4340

POWER SYSTEMS

LECTURE 5
PER-UNIT SYSTEM

[EnY

¢ Read Chapter 3
¢ HW 3 is due September 16 in Canvas.

N

® The parameters of the model are determined based
upon

-~ nameplate data: gives the rated voltages and power

~ open circuit test: rated voltage is applied to primary with
secondary open; measure the primary current and losses
(the test may also be done applying the voltage to the
secondary, calculating the values, then referring the values
back to the primary side).

— short circuit test: with secondary shorted, apply voltage to
primary to get rated current to flow; measure voltage and
losses.
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Example: A single phase, 100 MVA, 200/80 kV
transformer has the following test data:

open circuit: 20 amps, with 10 kW losses
short circuit: 30 kV, with 500 kW losses

Determine the model parameters.
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A single phase, 100 MVA, 200/80 kV

Re  a%e s/
open circuit: 20 amps, with 10 kW losses
fe K
short circuit: 30 kV, with 500 kW losses &

From the short circuit test
Rated current in _100MVA 30 kV

primary winding | “s¢ = 5006y 500 4, |R, +jX,|= 5004 600

P =R, =500kW — R, =2Q,
Hence X, =V60% —2% =60 Q
From the open circuit test

2
p COR
104
R, + jX, + jX,| = 223’;” -10,000Q X, =10,000Q

Single phase transformers are commonly used in residential
distribution systems. Most distribution systems are 4 wire,

with a multi-grounded, common neutral.
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® Akey problem in analyzing power systems is the
large number of transformers.

It would be very difficult to continually have to refer
impedances to the different sides of the transformers

® This problem is avoided by a normalization of all
variables.

© This normalization is known as per unit analysis.

actual quantity

quantity in per unit =

base value of quantity

[EnY
(e}

1. Pick a 1¢ VA base for the entire system, Sy

2. Pick a voltage base for each different voltage level,
V;. Voltage bases are related by transformer turns
ratios. Voltages are line to neutral.

3. Calculate the impedance base, Zy= (V5)*/Sg

4. Calculate the current base, I = Vy/Z,

5. Convert actual values to per unit

Note, per unit conversion affects magnitudes, not
the angles. Also, per unit quantities no longer have
units (i.e., a voltage is 1.0 p.u., not 1 p.u. volts)

1. Convert to per unit (p.u.) (many problems are
already in per unit)

2. Solve

3. Convert back to actual as necessary
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Solve for the current, load voltage and load power
in the circuit shown below using per unit analysis
with an Sy of 100 MVA, and voltage bases of

8 kV, 80kV and 16 kV.

[ JEGESL - et

3o kV 1

12 (o g‘:"

Original Circuit

19

Iy SoEsE J ) 2
) 75 = S _o.6402
8lo KV 100MVA
e _ 80KV> 640
e = 100MVA
S
i Right_ 16kV*
with an Sgof 100 MVA, and voltage bases of ~ Z,“" = =2.56Q
8kV, 80 kV and 16 kV. 100MV4
y 1Q
375 9031 Zhh = = —156p.u.
Qlse o 5 0,640 p.u.
Middie _ 249 _
lolo S A z T 0.375p.u.
_ g~ 12390
2.56Q2
Same circuit, with values expressed in per unit.

20

Jbse 031 wo0-3
Rele ERTAR Ve
= % =0.22£-30.8° p.u. (not amps)
391+ ,2.327

Vp = 1.0£0°-0.22£-30.8°x2.327.£90°

= 0.8592£-30.8° p.u.
2
S, = VI, =@ =0.189 p.u.
Sg= 1.0£0°%0.22230.8°=0.22.£30.8° p.u.
21



To convert back to actual values just multiply the
per unit values by their per unit base

VLAcmal = 0.859£-30.8°x16 kV =13.7£-30.8°kV

Spem =0.189.£0°x100 MVA =18.9.£0° MVA
S&m = 0.22./30.8°x100 MVA = 22.0./30.8° MVA

IMiddle _ 100 MVA
B 80 kV
el — 022/ -30.8°x1250 Amps =275/ -30.8° A

=1250 Amps

22

Procedure is very similar to 1¢ except we use a 3¢
VA base, and use line to line voltage bases

1. Pick a 3¢ VA base for the entire system, Sff

2. Pick a voltage base for each different voltage level,
V. Voltages are line to line.

3. Calculate the impedance base
2
P Vi _(*/§ VB,LN) _ Vi
B sy 35 Sl

23

4. Calculate the current base, I

1 1
pi- e _ L Y § — 1y
\/§ VB,LL \/g \/g VB,LN VB,LN

5. Convert actual values to per unit

24
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Solve for the current, load voltage and load power
in the previous circuit, assuming a 3¢ power base of
300 MVA, and line to line voltage bases of 13.8 kV,
138 kV and 27.6 kV (square root of 3 larger than the
1¢ example voltages). Also assume the generator is
Y-connected so its line to line voltage is 13.8 kV.

akse 40378 Jenery

25

] = % =0.22/-30.8° p.u. (not amps
391+ ;2.327

VL= 1.0£0°-0.22£-30.8°x2.327£90°
= 0.859£-30.8° p.u.

2
S, = VI, =@ =0.189 p.u.

S = 1.0£0°%x0.22.£30.8°=0.22230.8° p.u.

26

A = 0,859/ -30.8°x27.6 KV =23.82-30.8° kV

siewal —0.189.2/0°x300 MVA = 56.7.£0° MVA

sheml 2 0.22./30.8°x300 MVA =66.0.230.8° MVA
B V3138 kV

Ipehal = 0.22£-30.8°x1250 Amps =2752-30.8° A

=1250 Amps (same current!)

27
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©®Assume a 3¢ load of 100+j50 MVA with V|, of 69 kV
is connected to a source through the below network:

5.06+ 33,752 NLJUR
it

1 GILokV

1382069

What is the supply current and complex power?
Answer: [=467 amps, S =103.3 +j76.0 MVA

28
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o Transformer reactance is often specified as a
percentage, say 10%. This is a per unit value
(multiplied by 100) on the power base of the
transformer.

< Example: A 54 MVA transformer has a leakage
reactance of 3.69%. What is the reactance on a 100
MVA base?

100

X, =0.03694—
54

L 0.0683 p.u.

e Example: A 350 MVA, 230/20 kV transformer has
leakage reactance of 10%. What is p.u. value on
100 MVA base? What is value in ohms (230 kV)?

X,=0.10 100 =0.0286 p.u.
350
2
0.0286><230 =15.1Q
100

Example:
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Sppne = BORVA  (T})  for o eshole &vx/‘e»\, System Bace. .
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