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Per Unit Analysis

Motivation:

It would be difficult to continuously refer impedance to the different sides of
transformer.

Mathematically,

Actual Quantity
Base value of the Quantity

Quantity in Per Unit =

IOWA STATE UNIVERSITY ECpE Department



Normalization of all variables

S, V, Z &I (Note: Ohms law still holds)

Pick Sg & Vg, and calculate Iz & Zp

Sp="Vg -1
(Note: Base values are real numbers)
7, = (1;12)2

Sg 1s for the entire system.
Vg 1s for each different voltage level.

Base voltages are related by transformer turns ratio
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Contd...

7 7
1 kW 120 kW 20 KV

For a single-phase system:
Step 1: Pick a single-phase base power for the entire system Sp.

Step 2: Pick a base voltage for each different voltage level, Vg

o Base voltages are related by turns ratios.

o voltages are line-to-neutral.

Step 3: Calculate base impedance, Zg = (2’;) :
Step 4: Calculate base current, Iz = Z—B
B
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Contd...

- Step 5. Convert actual values to per unit (p.u.)

Notes:

1) Base values are real numbers. Per unit conversion only
affects magnitude, not angle.

2) Per unit quantities no longer have units.
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Per Unit Values of Primary and Secondary
Side of a Transformer are EQUAL

Ly L oM Vz=n.Vl=E
7 N a
" + ‘
Vl V2 22 § N2 I, = I_l — I
- - n=— 2 — n = a.ly
Ny
N, :N. | Y - Y |
1+ V2 Transformation Real Values
Ratio

Choose Base Values:

° SB
v
* Vip & V= fB =n.Vip
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Per Unit Values of Primary and Secondary
Side of a Transformer are EQUAL

Ii Iz

> > Choose Base Values:
+ + * Sp
4 V, 4 * Vip & Vip= VTllB =n.Vip
N, : N,

VZ n- Vl Vl

Vo pu = = =V
pu 1,pu
Vop n-Vip Vip

1, pu = I, _ I, =VZB‘12 =n'VlB'12 =n'V1B'a'11=V1B'11 _ I _ I _
z L 3B Sp Sp Sp Sp- Sg Ly Y
Vop Vip
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Per Unit Values of Primary and Secondary
Side of a Transformer are EQUAL

Ii Iz

> > Choose Base Values:
+ + * Sp
4 V, 4 * Vip & Vip= VTllB =n.Vip
N, : N,

Ty = =2 =
; pu 2.
ZZB n ZlB ZlB
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Example 1

Q. Solve for the current, load voltage & load power in the following circuit using P.U.
analysis with an S5 = 100MVA and base voltage of Vg; = 8KV, V5, = 80KV, and Vg5 =

16kV.

1 2 3
System
Representation O | - %g %% ‘ iLUAD

j 240 10

10
I5(t)
Actual Values SLOTkY 100
1:10 5:1
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Example 1: Solution

VBl = 8kV, VBZ = 80kV, VBB = 16kV

Z _ BKD® _ 0.640
b1 ~100MVA T

. _(80kV)? 10
Bz T 100MVA T

7 _a6kn®_ 2.560
B3 ~100MVA T

Therefore, we can convert the actual values diagram in p.u. diagram.

j1.56 j0.375 j0.39

+
1£0° G‘u) 3.91 V,
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Contd...

_ 140°
© 3.91+4j2.327.

= 0.222 — 30.8°p. .
V, = 120° — 0.222(—30.8°) X j2.327 = 0.8592 — 30.8° p. u.

Se =V, I =120° * 0.22 2£30.8° = 0.22230.8° p.u
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Contd...

Convert back to actual values.

yactual — 0.859,(—30.8°) x 16kV = 13.72(—30.8° ) kV

sactual — (189,0° x 100MVA = 18.920°MVA

sactual = 022 £30.8° x 100MVA = 22230.8°MVA

_ 100MVA

Lr=———=12504
2B 80kV

jgetual = 022, —30.8° x 1250 A = 2752 — 30.8°A
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Three- Phase Per Unit Analysis

Step 1: Pick a Three-phase base power for the entire system S ;’ ¢
Step 2: Pick a base voltage for each different voltage level, Vg |

O L‘L Base VB,LL

o L-N Base Vg

,LL/V3
2
(V?L) VELL
Step 3: Calculate Base Impedance, Zg = 33¢, = 3¢
(i) 5B
3
3¢
36 il g3
Step 4: Calculate Base current, [ B — V33 L \/§VB
B,LL B,LL
% :

Step 5: Convert actual values to p.u.
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Example 2:

Solve for the current, load voltage and load power in the previous circuit, assuming a
3¢ base power of 300 MVA, and line to line base voltages 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.

= 100

]2411

VBl == 138kV, VBZ == 138kV and VB3 == 276 kV
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Example 2: Solution

j1.56 j0.375 j0.39

1/0° 3.91

Convert to per unit as before. Note the system is exactly the same as example 1!

1.020° o
I = 39112327 0.2224£ — 30.8° p.u. (not amps)

V; = 1.040° — 0.222 — 30.8° X 2.327290° = 0.8592 — 30.8° p.u.

V1|2

S, =Vl =
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Contd...

S; = 1.020° x 0.22230.8° = 0.22230.8° p.u.

Again, analysis is exactly the same

Difference appear when we convert back to actual values

pactual — 0.859,(—30.8°) x 27.6kV = 23.82(—30.8° ) kV

szctual = 0.18920° X 300MVA = 0.56720°MV A

Sg“”al = 0.22 £30.8° X 300MVA = 0.662£30.8°MVA

| Middle _ 300MVA
V3 *138kV

= 1250 A (same currents)

jactual — 425, —30.8° x 1250 A = 2752 — 30.8°A
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Example 3

A=Y Y-—-A
Ziine = 10 +j1000Q
>o—o—%
13.2 kV . Z1a0a = 30002
5 MVA 10 MVA .
13.2 kV- 132 kV 13.8 kV- 69 kV

XL1 =10% = 0.1p. U. XLz = 8% = 0.08p.u.

Q. Find the equivalent p. u values of each component.
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Example 3: Solution

g Zlme =10 +]1009
= | g % % ‘ lz = 3000
132 kV laod

5 MVA 10 MVA
13.2 kV- 132 kV 13.8 kV- 69 kV
X, =10% = 0.1p.u. X;» = 8% = 0.08p.u.

S3% =10 MVA

Vil = 69 kv

Vil =138kv

= 13.8kV

V=L = 138 kV X 13.2kV
1B 132kV
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Example 3: Solution

A=Y Y —-A
I g § Zyime = 10 + j1000) g
é | iZlaod == BOO.Q

13:2kV 5 MVA 10 MVA
13.2 kV- 132 kV 13.8 kV- 69 kV
XLl = 10% = 01p U. XLZ = 8% = 008pu
S3% =10 MVA
Vigb=69kv Vo =138KkV Vig - = 13.8kV
2
(VBLB_L) 692
Z3p = 3610 476()
B
2
(Vig™)” 1382
Z,g = qub =—5~ = 19040
2
(Vig™)” 13.82
ZlB — 3¢ - 10 - 19049

Sg
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Example 3: Solution

A=Y Y —-A
I g § Zyime = 10 + j1000) g
é | iZlaod == BOO.Q

13:2kV 5 MVA 10 MVA
13.2 kV- 132 kV 13.8 kV- 69 kV
XLl = 10% = 01p U. XLZ = 8% = 008pu
S3% =10 MVA
Vigb=69kv Vo =138KkV Vig - = 13.8kV
2
(VBLB_L) 692
Z3p = 3610 476()
B
2
(Vig™)” 1382
Z,g = qub =—5~ = 19040
2
(Vig™)” 13.82
ZlB — 3¢ - 10 - 19049

Sg
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Example 3: Solution

A=Y Y —-A
I g § Zyime = 10 + j1000) g
é | iZlaod == BOO.Q

13.2kV

5 MVA 10 MVA
13.2 kV- 132 kV 13.8 kV- 69 kV
XLl =10% = 01p u. XLZ = 8% = 008pu
350Q

Z]Oc’]d = m = 0.63 p. U.

10 + {1000
Zline = 19040

= 0.005 +j0.05 p.u.

o 13.2kV
S 13.8kV
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Example 3: Solution

A=Y Y —-A
I g § Zyime = 10 + j1000) g
é | iZlaod == BOO.Q

13.2kV 5 MVA 10 MVA

13.2 kV-132 kV 13.8 kV- 69 kV
X1 =10% = 0.1p.u. X, = 8% = 0.08p.u.

L—LN\2 L—LN\2
0.08 X M 0.08 X M

e S3¢
X, = B - B __ —0.08
L2 Z3p (Vi5h)?
S3®
(13.2kV)? (13.2)2
. =0.1 oA 01x% o183
715 (13.8)2
10
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Example 3: Solution

A=Y Y —-A
I g § Zyime = 10 + j1000) g
é | iZlaod == BOO.Q

13.2kV

5 MVA 10 MVA
13.2 kV- 132 kV 13.8 kV- 69 kV
XLl = 10% = 01p U. XLZ = 8% = 008pu
2 2
0.1 X (13.2kV) 0.1 X (13.2)
Xpy = 5MVA _ > _0.183p.u
AT (13.8)2
10
Alternatively, we can find Xj; as,
2 2
0.1 X (132kV) 0.1 % (132 kV)
X . = 5MVA _ 5 MVA —0.183p.u
L 75 (138)2 OO
10
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Thank Youl!
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