Per Unit Lecture
Topics:
e Per Unit (What and Why)

e Basics
e One Line and Per Unit
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Problem #2
The nne—lina-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 rated

as follows:

Generator 1@ 20 MVA, 13.8 KV, X" = 0.20 per unit

Generator 2: 30 MVA, 18 KV, X" = 0.20 per unit

Generator 3: 30 MVA, 20 KV, X" = 0.20 per unit

Transformer T,: 25 MVA, 220Y/13.8 KV A, X = 10%

Transformer T,: Single phase units each rated 10 MVA, 127/18
KV, X = 10%

Transformer T,: 35 MVA, 220Y/22 KV ¥, X = 10%

Draw the impedance diagram with all reactances marked in per unit
and with letters to indicate points corresponding to the one-line

diagram. Choose a base of 50 MVA, 13.8 KV in the circuit of

generator 1.
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One Line Diagrams
One-line diagrams are a simplified graphical representation
of a three-phase power system. These diagrams are tools

employed to guide studies of the power grid. For further
explanations of the following devices refer to PSS/E Lab 2 and supplements
for Ch 8 and 27.

Buses
202
EASTEOO
o — e e |
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261

Buses as show above are the graphical representation of the
substations and taps on the transmission lines.

Branches
-473.0 78.0

[ — e —— . |
80.9 229 .4

Branches are the graphical representation of the three phase
transmission and distribution lines.

Loads

250.0
L

100.0

A load acts as a sink on the power system.
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Problem #2
The one—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 rated

as follows: 'RM“Q\)Q‘? “

Fﬂnaratur 1: 20 MVA, 13.8 = 0.20 per unit \1
Generator 2: 30 MVA, 18 KV, X" = 0.20 per unit
Generator 3: 30 MVA, 20 KV, X" = 0.20 per unit
Transformer T,: 25 MVA, 220Y/13.8 KV A, X = 10%
& Transformer T,: Single phase units each rated 10 MVA, 127/18B
KV, X = 10% ‘;__
., Transformer Tj: 35 MVA, 220Y¥/22 KV ¥, X = 10%

Draw the impedance diagram with all reactances marked in per unit
and with letters to indicate points corresponding to the one-line

diagram. Choose a base of 50 MVA, 13.8 KV in the circuit of
e e e e .
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PER UNIT CALCULATIONS

(A Decimal method of using percent)

The per unit system is a method of normalizing system and
equipment impedances so that circuit or network problems can be
solved in a straightforward manner for voltages, currents and
watts and vars without having to convert values whenever there is
a change in voltage across a transformer or when a difference in
equipment size is encountered. The per unit system can be
aﬁliad to either single or three phase systems.

st. For quick
s most convenient. This
ext, the line to line

'- These will™USWally be the
ominal ratings on the major transformer at the substation or at

the customer location on distribution systems. Again, each

voltage value selected becomes the 100% or 1 per unit value. For

the KVA and KV selected as base there will be a unique value of

per unit base (or 100%) amperes and base ohms fo match the base
<l

ect<

EVA selected. @
To find the ba alues we first select bidse KVA and base KV

(line to line). Then @ ‘Dc T\We 3 606 O

Base KVA = V3 Base KV(line 1i I1*(line)
Base current I*(line) = Base KVA [ v3 Base KV(line to line)

As with any balanced three phase circuit, we can represent it on
a line to neutral basis and consider an equivalent wye system.
Remember that 100% or 1 per unit line to line voltage is also
100% or 1 per unit line to neutral voltage.

@ Base ohms = Base V(line to neutral) / Base current
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_ Base KV[line to line] _ /3 Base KV[line to line]
: K * 3 Base KVA

5 _ Base KV?[line to line] £ ‘khv
by Y

Base MVA

To conye nerator or t urm.ar to the base 4;:!: d,
it T5%only neces ember that it rammﬂf

ratio.

Nameplate ohms _ Per unit ohms
Nameplate KVA Base KVA

Why bother with PU. !



| gy Jlvia g
2z 8 kamll a8 8 kamil
ACSA GINY ACHR BORY

O/H LINE DFH LINE

T
= i o—ju
_L:El 1My fa
= Oy
] ‘ . Japaa
r-r‘ = WO
G} i TIALY b A 3 BRY

18 Mvar =
CAPACITOR
EANK
LB 5%

W
m
n
o
=
=
=
‘.T‘:.i

LE

ind <

SN (PP

§ 715 ATVA 1 T8 MR

1380465V _{,.{ 1384 10WW

1hi% LTS
AGDV A IENY

:IIJ?:fW* A IGAGUR: o)

JOTAL s SR bp

. 18
:‘:ﬁ:““”fj 1%:;’:75:” 5-'3115‘0“ e
@*ﬁuv -ill:l'.-'.I ﬁiﬂ; é{ﬁ ## L)

2 4
n @ MOTOH L R
\Jerd |2 @—V—E
iy Fay

I S'M'i'ﬁ

e
N I PRI

CGROUR < 50 Fad
TOTAL = }I_llup.

RE b [GROUP T S0hg
500 hp |an7<.i¢hp1
TOTAL & 4150k

T
A 13H-DdBRY
e 1=2ETE%

480%

4m"ﬂ_|ﬁﬂm":‘?5ﬂ|lﬂ ETEM{ER‘ELI'FESCII‘I‘BI 400 hip PERGUIP 2 50 i
SO0 kg G RGP <2 S0 b 465 hp |GADLAP <2 5 hi| 500 hy PGAGUP < B0hg)
114l $0hy TOTAL + 1080k TOTAL: 30010

200 1= TOTAL 1100 TOTAL 2o0hp TOTAL

Leashn 1=75hp 1= 150hp
1-"3'9"1* [ 1 -25hp ' l'l-ll]:lhn] .HE’E."‘;TDH 0K hp {GAOUR 2 50 bol
!-30ho b= 1ho 1-80nn 208 b |GHOAP < 50 hpl
]J T @ TOTAL = 1000 by
- é‘ ﬁ é NOTE; # — BSO 3 40MR0UR 2 5 hey
e ————— mhpﬁmﬂﬂm
LIGHTING & OTHEN RON-MOTOR LOADS y TOTAL s 13 hg

Composite Single-Line Diagram for Typical Large Industrial Power System
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