Voltage Regulation

Definition: ’V
. .no-1 d_’v,fll—l d
percent regulation =l2w—dl [2MIEeMl 900
‘VZ, full -load
Practical Equation:
. al—
percent regulation =Mx100
M
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Voltage Regulation
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Transformer Efficiency

Definition:
_ output power _ P,

input power PR

Practical Equation:

n= I:)1 - Plosses — PZ — PZ
Pl P2 + Plosses P2 + F)copper + F)core
Per Unit Equation:
. ‘Sz_pu Cos ¢
- 2
‘S?_—pu COS¢+ Pcore— pu +‘SZ— pu Req—pu
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Example: Voltage regulation

See Book, Example 3-5, p. 119
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Per Unit System

e From generation to the load centers, power
systems have ratings and values that cover a
large range

+ €.g., 100 MVA of generation to 5 kVA loads;
765 kV transmission to 120 V utilization level

e The per unit system of measurements simplifies
the computation and analysis through a system

e Various electrical quantities are normalized with
respect to a specific base value

+ When working in a per unit system, it is important to
specify the required base values

+ Electrical quantities such as voltage, current, power,
and impedance are converted to per unit quantities
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Per Unit (pu) System

actual value
pu value = : -
base value of the same dimension
base apparent power
base current= PP P
base voltage
. base voltage
base |mpedance:—g
base current
. actual voltage
per —unit voltage =————
base voltage
. actual current
per —unit current =—————
base current
L actual impedance
per —unit impedance = -
base impedance
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Per Unit System — Y connections,
Transmission lines

base voltage, Vg =V gae =Vii pase /\/§

| _ Sl¢—Base _ S3¢—Base / 3 . S3¢—Base
Base - -
Vprase VLL—Base / \/§ \/§'VLL—Base

- Vp*Base — Vi base /\/§

base current,

base impedance, Z

Base — I I
Base Base
2 =V 2
7 _ (Vp—Base) _ (VLL—Base/ 3) _ (VLL—Base)
Base — - -
S1¢—Base S3¢—Base /3 SS¢—Base
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Per Unit System — A connection (less
commonly used)

base VOItage’ VBase :VLL—Base = \/§ 'Vp—Base

_ Sl¢—Base _ SS¢—Base _ 1 I
Base — - - Base—Y
VLL—Base 3 'VLL—Base \/§

3V
base impedance, Z :VLL—Base _ \/_ p—Base -37

Base - \/_ -
IB&SG IBase—Y/ 3

ZBase _ (VLL—Base )2 _ (VLL—Base )2 —-3.7
S 3-S

base current, |

Base-Y

Base-Y

1¢—Base 3¢—Base
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Example

Find the pu impedances for the
Transformer of Example 3-5, p. 119

a) For 15 kVA power base
b) For 30 kVA power base
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Example (primary side)

Spase = 15 kVA Viage,p = 2300V Space = 30 KVA
V2 2 V.2 2
Zosop == 299 _35270 Zopop =220 = 2300° _ 176 40
’ Seae 15000 ' Seae 30000
105.8kQ2 .
v =— ——=300pu Sbase IS R.. . =600 pu
ore Zgoserp intaependent of C.P.pu P
11k . primary and )
Xoppu = =]31pu secondary side Xap.pu =162 pU
Base,P
Xeap.pu = jw: j0.0183 pu = j1.83% pu Xeqp.pu = 13.66%pu
Base,P
Regp.ou = 4450 =0.0126 pu=1.26%pu Reqp.pu =3:52%pu
ZBase,P
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Example (secondary side)

Vaases =230V Space = 30 KVA

Base,S

Spase = 15 kKVA

A 2 A 2
= _ 20 Vewes _ 20" g 7630

Base,S

Lpos = = =3527TQ Z,.s= =
’ Spae 15000 ' Sg.e 30000
1058Q .
Res.pu = =300 pu Shase 1S R... =600 pu
s VAN inl:jependent of C.S.pu P
110 . primary and _
ms.pu = J =]31pu secondary side Xons,pu = 162pU
ZBase,S
.64.5mQ . . .
Xegs.pu = J > =j0.0183 pu = j1.83%pu X, s, = J3.66%pu
Base,S
Req.s.pu = 44.5me =0.0126 pu=1.26% pu Reg.s.pu =3:92%pu
Base,S
11
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Homework 3

See web site
http://www.eng.fsu.edu/~steurer/eel3216.html

Problems 3-1 through 3-4 and 3-6 through 3-8 in book.
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