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2.1 Basic definition
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Single Phase Circuit

Review
Single phase drcuit components: a | b
Voltage or current sources y L T V,
|mpedances (resistance, inductance = T
and cgpadtance) Ve
The componrents are onneded in J
seriesor in paralel. ) e m——
The figure shows asimple drcuit sl 7T
where avoltage source (generator) v o - /
suppies aload (resistance and - NV
Inductancein seri eS) 00 60 120 180 240 300 360
deg
.
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Single Phase Circuit

Review
* Thevoltage source produces a sinusoidal voltage
wave
v(t) =v2 V.__ cosgt +0)

where: V. .isthe rmsvalue of the voltage (volts)
wistheangular frequency (rad/seg

_2TT

w=271f _T rad/sec f :E

Hz

f isthefrequency (60Hzin USA, 50 Hz in Europe).
T Isthetime period (seaonds).
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Single Phase Circuit

Review

Thermsvalueiscalculated by:

1 -+
V = \/— v(t)” dt
rms T J;) ( )
The peak value (max value) of the voltageis:
VO - 2 V rms
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Single Phase Circuit

Review

e The airrent Isalso ssnusoidal
i (t) =21 __ sin(wt-)

where: | . Istherms valueof the arrent.
¢ isthe phase-shift between current and voltage.

« Thermscurrent iscalculated by the

Ohm’s L aw:
wheree  Z istheimpedance |

V

rms

rms Z
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Single Phase Circuit

Review

Complex Notation

e Voltage phasor:
v=|V| e’ or

V=|V|03=|V| cosd+j |V|sind

where: V isthermsvalue, and 6 isthe phase angle

Note: Thesupply voltage phase angleis often seleded as
the referencewith =0
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Single Phase Circuit

Review

Complex Notation

e Current phasor

E [cos(3- @)+ sin(3-)]

Vv _|v]e” =‘V‘ej(5—¢) =‘¥
Z |Ze'* |z Z
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Single Phase Circuit

Review

 Thesinusoidal current, voltage is expressed in complex
form:

= | rm@m = Vrmﬁcos(é) + jBin(B))

= Irmgﬁj@ rmgﬁcos +JB|n ))
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Single Phase Circuit

Review

e TheOhm law states: VO = | OQ o

' Vo Vims j(5-o) Vrms_j(e)
Zy= =g e e
(0)

'ms 'ms

Z,=|Z] ficos(p) + 1jsin(e))

Z0 Istheimpedance
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Single Phase Circuit

Review

The impedance has resistive and readive part,
The readance depend onthe freguency:

ZLo=Rg J'xo(‘“)
* The asolute value and plese angleis:

2 2 ® = atan —
24 = [Ro? X o £
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Single Phase Circuit

Review

Fig 202 mpedance Triangle

Z=|z|e"
Z
Z = R%+ X?
0
_ X
Q@ —atan(R) P
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Single Phase Circuit

Review

« Theimpedances (in Ohms) are

— a) Resistance (R)
_ b) Inductive reactance - X| = jm‘)m‘ind

— ¢) Capacitive reactance X cC~ .

JLOC
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Single Phase Circuit

Review

Series connedion

N
Z o= z Z
k =1
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Single Phase Circuit

Review

Series connedion Example: (resistance, capacitor,
and Inductance mnnected in series)

Ze :ZR +ZL +ZC = R+ ijind t

JwCe,
=|Z|e"? =|Z| [cos@) + jsin@)]

wC

oL, -+
1 N -
|Z| = \/RZ +%¢>Lmd - wcwpg 6 = arctarg = P

(IO
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Single Phase Circuit

Review

Fig 2.3 Parallel connedion

o, O—
Zl Z2 000 ZN p— Ze
o, o0—

L

e

_ 1
N1
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Single Phase Circuit

Review
Paralle connection

| mpedancephasor: (resistance, capacitor, and
Inductanceconnected in parallel)

Z_l_ 1 _ 1
Y 1 1 1 1 1 .
+ - + — + - + jwC
R jwL 1 R jwL
JwC

Two impedances conneded in parall€

7 = 1 2. Z,
1 1 Z +Z,
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Single Phase Circuit

Review
Fig 210 Delta-wye X G N/
transformation
L & QY
, - 2.2, |
T Z,+Z,+Z,
Zb: leS Z :Zazb+Zch+ZcZa
L, +Z,+7Z, Reverse ' Z.
Z — ZZ ZS ZZZZaZb+Zch+ZcZa
©Z,+Z,+Z, Z,
Z :ZaZb+Zch+ZcZa
— 3
Same values ZA _3ZY Z,
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Single Phase Circuit

Review

Example: Fig 2.4 Calculatethe impedanceof a
compensated line

28 - 0752 dipe:= 3MI
.= (0.32— .= (0.75— .
R = 0.32— Xpmj = 0.75— line

Ceomp = 157F

C . . Z
comp line line ser
Transmission { A
MN —)————1+—
}_{ Line | _l L
Capacitor Fig 24 Fig 25
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Single Phase Circuit
Review
Example: Fig 24: Calculatethe impedanceof a compensated line

Thethreeimpedances are conneded in series

Q Q L :
R..:.:=0.32— X = 0.75-— diinm = 3MI
mi o mi — line

Coomp = 1574F f:=60Hz w:=20M0F = 376.991Hz

1
Ll il jine

Zjine = Rmild jine * WX pild jine t

Z line = 0.96+ 1.688IQ &
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Single Phase Circuit

Review

Example: Fig 2.4 Calculatethe impedanceof a motor
and capacitor conncted in paralld

Motor |
CcomP_M TN Xmot Rmot T Zpar
| (
I\
Capacitor Fig. 2.7
Fig 2.6
Xmot = 23Q Rmot := 20Q C comp M = 90QF
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Single Phase Circuit

Review

Example: Fig 2.4 Calculate the impedanceof a motor and
capacitor conneded in parallel

- - C = 50QuF
X ot = 230 Rot = 202 comp_M-= 200

f=6Hz w:=20ff w=376.99Hz

1 :
X = X = —-5.305i Q §
mot_C~ [T mot.¢ mot_C

mot-
1 4 1 4 1 7

R X

ot = 2-125 - 6.163i Q.

mot mot_C
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2.3 Power
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Single Phase Circuit

Review

| nstantaneous power isthe product of the instantaneous
voltage and current

p(t) =v(t) i(t) = V2 V. . cost+09) V2 |, coswt + @)

Using the trigonometric identity
cos@) cos(8) = 1cosfr — B) +1cos + )

Theinstantaneous power Is.

P(t) = Vs | s [COS(8 — ) + cOS2a0t + & + )]
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Single Phase Circuit

Review
Theaverage or active power istheintegral
_1 _ _
P _?!p(t) dt = Vrms Irms COS(5 (p)

Apparent power S=V_ _.*l o
Complex power:

S:Vrms Itms :Vrms ej5 Irrns e—j(0
:Vrms Irrns COS@ _§0) T erms Irrns Sin(5 —§0)
=P+Q
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Single Phase Circuit

Review

Power Factor , Should be morethan 0.8

pf = i =‘; = cos(0 — ¢)

V. .|

rms - rms

Fig 2.11Power triangle

D.Elangovan Singe-phase

29



Single Phase Circuit

Review

General impedance |oad:

Irms - Irms&
—_—

Vrms - Vrms@ T /= |Z|ﬁ

Power on aresistive load

2
p=12 R=Ym
R
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Review

2.4 AC Circult

Singe-phase
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Single Phase Circuit

Review

The arcuit has voltage source and impedances

a 1) b

—>
L T v,(7)

K T 0

Fig. 2.13 Example single phase arcuit

V(t)T @

g

D.Elangovan Single-phase

eGenerator
current and
voltage are in the
same direction

L oad: current
and voltage are in
opposite direction
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Single Phase Circuit

Review

L agging and leading curre nt

w(1) i; (1) lagging i(f) leading

» Time

o
®
o
o
o
o®
o®
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Single Phase Circuit

Review

 The aurrent is calculated by the Ohm Law
V

I — 'ms

'ms
L

Z|= \/R2 + X
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Single Phase Circuit

Transmisson line suppliesa load Transmission
Line
 Theload voltage must be +/- @
5% of the generator voltage Generator
» Voltageregulationis cdculated Load

Fig 219 Load served by aline
e Thelossmust be minimized

 The dficiency of transmisson
Is caculated

Rline line

Ohe =l

Iline VloadT Load

Fig 220 Equivalent cir cuit
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Single Phase Circuit

Review

e Theload current is;

v load
Z load

load= = lline

* The sourcevoltage using loop equationis:

Vgen=Vicad ! Iine(RIine + )X Iine)
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Single Phase Circuit

Voltage regulation

Voltage Regulation = Vio-o00] = [Vioad x100%

|Vload|
: ‘Vgen _|Vload|
Voltage Regulation = Vi, x100%
load
P, P
Efficiency efficiency = —ne = 90 o=
Pgen pgen
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