Electric Circuits (Fall 2025)

Lecture 10
- Three-Phase Circuits
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Single phase vs. Polyphase

- Single-phase power supply

= For example, two 120V sources with the same phase are
connected in series.

= This allows for appliances to use either 120 or 240V

« Circuits that operate with multiple sources, at the same frequency
but at different phases are called polyphase.
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Outline--Three-Phase Circuits

- Balanced Three-Phase System
= Balanced sources
= Balanced loads

- Circuit analysis
= Phase voltage/current
= Line voltage/current
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Balanced Three-Phase Sources

Connecting the Sources
- Three phase voltage sources can be connected by either

four or three wire configurations.
= Four-wire system accomplished using a Y(Wye) connected source.
= Three-wire configuration accomplished by Delta connected source.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display
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V,, =V, £0°
Vo =V, £ ~120°
V,, =V, £ 240" =V, £ +120°
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Balanced Three-Phase Sources

- Balanced phase voltage are equal in magnitude and are out
of phase with each other by 120deg

- It's easy to know V_+V, +V_=0

- Two sequences for the phases:

‘\ > 120° ( >
‘/—1200 Y '—/—1200 Yor
Positive Negative
Vin V..
V,, =V, £0 V,, =V, £0°
V,, =V, £ -120° V,, =V, £-120°

V,, =V, £ 240" =V, £ +120° Vyy =V, £ —240° =V, £ +120°

cn



= B Ry 24 =i
= ERFESRAZEMR Electric Circuits (Fall 2025)

2t g,
NG “ﬁé? School of Information Science and Technology
7

Axis of
a-phase
. winding

Three-Phase Sources

- Three phase voltages are typically
produced by a three-phase AC generator.

- 5509005 y b-phase
- The output voltages look like below. 4 o
Axis of\y;/ Stator
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Balanced Loads

- A balanced load means the same impedance for each load.
-- Impedance are equal in magnitude and share the same impedance angle
- They may also be connected in either Delta or wye

= For a balanced wye connected load: Z,=72,=2,=/Z,

= For a balanced delta connected load: z_. =72, =7 =7,

a o

- The load impedance per phase for the above configurations can be interchanged.
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Electric Circuits (Fall 2025)

Source-Load configurations
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Three-phase

voltage
source

A\
/ A\
\

O

o LOree-phase
load

o

Source

Y

[

11



= B Ry 24 =i
s B MFSRAFR Electric Circuits (Fall 2025)

T /  School of Information Science and Technology

Load Phase Currents
la's Ib's IC‘

(same as line currents
IL], l]_g., and ILs)

Load Phase Voltages
Van, Vin, Ven

I
Y-source L,
Transmission
lines

I,

Load Phase Currents
lab-s Ibc-s l.-:'a

Load Phase Voltages
Vabs Vbc: Vca

Y-Delta -

Y-source 2
Transmission
lines
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I
A-source L
Transmission
lines

I
A-source _L’Z_
Transmission
lines

Load Phase Currents
I, I L.

(same as line currents
lL]’ IL2"‘ and lLs)

Load Phase Voltages
Van, Ven, Ven

Load Phase Currents
Iabs lbc-s Ica

Load Phase Voltages
Vabs Vbcu v.f:a

(same as source voltages

if Z1r, is negligible)
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Balanced Y-Y connection

- The load impedances Z, will
be assumed to be balanced.

= This can be the source Z,, line
Z; and load Z; together.

ZY — Z_.,,. + Z{- + ZL

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display Copyng’lt © The McGraw-Hill Conpames, Inc. Permission mqmed for repmducbon o dnsplay
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Phase Voltage & Line-to-Line Voltage

- Use the positive sequence:

Phase Voltage | V,, =V Z0
Vbn = Vpé - 1200 VCn = Vpé + 1200 Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

« Thelineto line voltages (or just line voltages in short):
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Line Currents

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display
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Example

. Calculate the line currents.

5-j2Q

]
[

N
Q =

() 1o v

10 +8 Q
110/240°V 110/-120°V
, S-j2Q g 104j80
c O :li
10+ /8 Q
5-2Q d
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Wye-A

Find load phase current
and line current

20
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Ia
Wye-A —
Find load phase current
and line current
I,
IC

Assume positive Vo =V, /0°
SEQUENCE- v, = v, /—120°, V. =V, /+120°

V., = V3V, {300 = V4, V,. = \F?,vp{—90° = Vpc
V., = \/§Vp{—150° = Vea

_ Vag Vic Vea

I = -

: Igc = —, Ica =
Zn BC Zs CA Zn

21
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I, = Lig — Ica, I, = Igc — Ius, I, = Ica — Ipc

Since ICA — IAB{ _2400,

Ia = IAB - ICA - IAB(l - lf _2400)
= Lip(1 + 0.5 — j0.866) = L,5\V3/—30°

22
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. A-A ) Z,

Vca _|__ +_ Vab
ZA
Ib N
C D '
¢ S , - L hc
Ve I Ipc Zy
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Ia
a —_—
A-Wye
Vca +_ +_ Vab
ZY
Ib
) ’
C = ar
N b B
Vbc I'C
—-
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