3.1 Three phase
guantities

9/10/2007 360 Chapter 3 Three-phase Circuits 1

Three Phase Circuit

Balanced three phase

Balanced load

system
« Three generators produce |12 () = Iy cos(wt - 9)
voltages \ i, () =1,, cos(@t —6 —120°)
— same magnitude . _ °
— 120 deg phase shift io (1) =1,y cos(@t—0-240°)

V,, (1) =V,, cos(wt)
v, (D) =V, cos(a)t - 120°)
Ve, (1) =V, cos(@t —240°)=V,, cos(wt +120°)
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Three Phase Circuit

Balanced system
Vo (D +v, O +v, (D=0 i ®)+i,)+i,(t)=0
Power

The instantaneous power is constant

PO = Py()+ Py(0+ P = 311 c05(6) = 3V, 1, coS(O)

Three phase power
S; =S,+S;+S. =35,
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Three Phase Circuit

Delta connection of load
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Three Phase Circuit

Wye connection of Load
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3.2 WYE conected
generators
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Three Phase Circuit

Line-to-neutral voltages
V, =V, £5

V,, =V, £5-120°
V, =V, £5-240°

Balanced system

V,, +V,, +V,, =0
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Three Phase Circuit

V,, =V, -V, * The three line-to-line
° o " o voltages, from the
=Van = Van _4_ 120 n—a—b—n loop
=V, (1 —e’“2°°)

=V, 3 £30°

The two other can be calculated
similarly
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Three Phase Circuit

The line to line voltages

Vab=Van~Von Ve = Von~Ven

Vea=Ven  Van

The equations can be modified
V,, =V,, +/3 £30°
Vo = Vi, V3 £30°=V,, 13 £-90°
V., =V, 3 £30°=V,, 3 £-210°
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Three Phase Circuit

Vector diagram
V,
cn
Vca Vab
Vbn
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3.3 WYE Connected Loads
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Three Phase Circuit

Three wire system
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Three Phase Circuit

Four wire system

] 7Van | 7Vbn | 7Vcn
a~ b ™ ¢

Za Zb Zc
S;:=5,+S,+S, =V, I, +V,, I, +V,, |,

ly=1,+1,+1,#0
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3.4 Delta Connected Loads
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Three Phase Circuit

Delta connected generators

v, = Yo o v, Ve _V
:

G V3 RG]
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Three Phase Circuit

Delta connected load

Ve Ve,V
a = be = a =
Za Zye Za
Ia = Iab - Ica
I =lpe = 1o
Ic “la Ibc
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3.6 Three phase power
measurement
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Three Phase Circuit

Four wire system, Each phase measured separately

I

A PA
Phase A
w

v

Vr\N

Phase B

Phase C

Neutral (N)
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Three Phase Circuit

Three wire system,

The three phase L [ A" rea
power is the sum of =\ T
the two watt-meters v““v"v“(é@ _—
reading

®

Phase C

Pr =P+ P
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Per Unit System

The voltage, current and impedance values are
divided by base values and expressed in per unit or
percentage values

Selection of base values: V,,, (line-to-line) and Sy ., (magnitude of
three phase complex power)

Calculate:
2
I, = Sowe 7 Vie _ Vi
ase base — -
\/g Vbusc \/5 Ibasc Sbasc
9/10/2007 360 Chapter 3 Three-phase Circuits 20

Per Unit System

Per Unit values using the base values are:

S i v
SP“ zsi IP“ 217 Vpu :\‘]7‘ Zpu =

base base base base

1

Conversion from per unit value to ohm

sase
S

base

Vie
z, =z

base “pu

Z| lz|=2

base base
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