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O Expression of power system quantities such as voltage, current
power and impedance as a percentage of specified base values

O Properly specified base quantities simplifies transformer equivalent
circuit as the value of quantities don't change when referred from one
side of transformer to the other

O Per-unit impedances of electrical equipment of similar type usually lie
within a narrow range when equipment ratings are used as base values
hence p.u. impedance data can be checked rapidly for gross errors

O Manufacturers usually specify the impedances of machines in p.u. or
percent of nhameplate rating
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Procedure for p.u analysis (s s

owe,

Q Pick Sy for the system.

d Pick Vg, according to line-to-line voltage.

Qd Calculate Z, ., for different zones.

O Express all quantities in p.u.

O Draw impedance diagram and solve for p.u. quantities.

0 Convert back to actual quantities if needed.

Per-unit system



How to Choose Base Values ‘>@y

O Divide circuit into zones by transformers.
O Specify two base values out of I, Vg, Zg, Sp: for example S; and V,

O Specify voltage base in the ratio of zone line to line voltage.

v

V.1V, V,:V, V1V,
SE—13¢ L
Zone 2 Zone 3 Zone 4

V V V

Base, Base, Base,
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Given a one line diagram,

V, =13.2kV
1l Zype =10+ 1000] |
gg | gg | |z, =3000
5 MVA 10 MVA
13.2 A-132Y kV 138Y - 69 A kV
X, =0.1p.u. X, =0.08p.u.

Find Ig / It-|ine, Iload / V|0ad and Pload

Per-unit system
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V, =13.2kV
. Z,.. =10+ j100Q
jge E—E
5 MVA 10 MVA
13.2A-132 Y kV 138 - 69 AKV
X, =0.1p.u. X,, =0.08p.u.
S, =10MVA
Zonel ! Zone 2 Zone 3
V,, =13.8kV § Vp, =138kV § Vg, =69kV
1|2 2 | 1|2 2 ) 1112 2
Z, M) =19.04Q | Z, ICYIEC =1904Q | Z, M (eok) = 4760
* S, 10M ; * Sy 1M %S, 10M
Se,|  10M 5 Se,|  10M 5 5| 10M
/= A SABANTT I =T =4184A |, =2l o 83,
V3| V/3-13.8K L 3| /3138 e JaVa!|  V/3-69k PIOrA

#Raiio of voltage bases on either side is same as ratio of voltage ratings

\
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=iy Step 4: All in Per Unit Quantities  (ss) iy

X,, =0.08p.u.
| | — | | l
old—- old
7 new _ ZP-U-ZB _ Zload _ 30002 .
b Znew ZIoadp u. - -
: PUTZ, 4760
2
7 - 0.1x((13.2k/5M) o
’ 19.040
V
v __e ~ 13.2kV _ 0.96.£0°

PV, 13.8kV

10+ j1000

. = =5.25x107°(1+ j10
line,p.u. ZBZ 1904 ( J )




Step 5: One Phase Diagram & Solve
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Xipe =0.183| |Zeo, =5.25x10°(1+ j10)| | X,, =0.08
| | — | | l
V. . =0.96.£0°
ik ZIoad,p.u. - 063
V o)
o = 22t = ORHLDT g 55 ) og 40
m Ztotal’p_u_ 0.709..26.4°
Vload,p.u. = Ioad,p.u.ZIoad,p.u. =0.8505£-26.4°

SIoad,p.u. :VIoad,p.u.I Itaad,p.u. — 1148

Ig,p.u. — It-Iine,p.u. — IIoad,p.u. =1.35£-26.4°

Per-unit system
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Three zones of a single-phase circuit are identified in Figure
below. The zones are connected by transformers T1 and T2,
whose ratings are also shown. Using base values of 30 kVA and
240 volts in zone 1, draw the per-unit circuit and determine the
per-unit impedances and the per-unit source voltage. Then
calculate the load current both in per-unit and in amperes.
Transformer winding resistances and shunt admittance branches
are neglected.

Zone 1 Zone 2 Zone 3

- +
— 3 W
HO—3¢ > :
T,

T, Xine = 2 {1 Zow =09 +/020
30 kVA 20 kVA
240/480 volts 460/115 volts
Xea = 0.10 p.u. Xea = 0.10 p.u.

Per-unit system
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480
Viaser = (m)(}ﬁlﬂ) = 480 volts

115
Viases = (m) (480) = 120 volts

The base impedances in zones 2 and 3 are

Vi ., 4802
Zoo oy — —base2 —768 Q
base? =g 30,000
and
V2 1202
Zhas.ﬂ: base _ 2043 Q

Stase 30,000

/f Re
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and the base current in zone 3 1s

S 30,000
Ibasﬂ—vhasﬂ— 30 =250 A

p.u. reactance of T1is the same as name plate
old= old
Zp.u.ZB

new
ZB

Xapa. = (0.10) (460) (30,000

B Q:ZneW:
250 201000) 0.1378  per unit

Alternatively, using Viyaeezs = 120 volts,

115\ /30.000
X12pu. = (0.10) (—) (’—) =0.1378 per unit

120

F.o8 (
ﬁ‘ | Per-unit system

20,000




f ”’ = % \./
. I:L)- * B #_\ Tshwane University
: O e, 'I. of Technology
We empower people

Xiine 2 :
Xiinepu, = Zh::2 == 0.2604 per unit
Lload 0.9 + j0.2 _ _
VA S — = 1.875 0.4167 21 unit
loadp.u. Zhasﬂ 0.48 + J ) pe
Il P — ] _ Vsp.u.
i LA f(XTlp.u. + Xlincp.u. + XTZp.u.) + Zlﬂﬂdp.u.
- 0.9167/0°
~ j(0.10 4+ 0.2604 + 0.1378) + (1.875 + j0.4167)
0.9167/0° 0.9167/0°

~ 1.875+ j0.9149  2.086/26.01°
= 0.4395/—-26.01° per unit

a8 hoad = (Doadp.u. ) Ibases = (0.4395/—-26.01°)(250) = 109.9/-26.01° A

Per-unit system
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N "ISDu JI‘XTID-U- flxi-nan.u .II-XT?!JU l’-lﬂadn.u.
T AT
{/0.10 p.u. j0.2604 pu.  !j0.1378
Vepu = : Py
. (-> I i zaaﬂ}.u. =
0.3167/0° p.u. | } 1.875 + ;0.4167 p.u.
| |
| |
- : 1
Zone 1 E Zone 2 : Zone 3
|
Viaser = 240 volts ': Viasez = 480 volts : Voasez = 120 volts
|
_ (240 _ _ (4802 (120§
Zoose1 = 30000 ~ 1920 Zogser = 30,000 — 768 0) Zisses = 30,000 ~ 0.48 O
S = 30 kVA
oese ases = 29900 = 250 A

Per-unit system
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