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The circuit diagram for a three-phase, balanced, star-connected load is shown in Fig. 5.12.
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! m Circuit diagram for a three-phase, balanced, star-connected load
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Analysis

The notations used for the analysis of three-phase, balanced, star-connecteq load age.
V. . Phase voltages of R, Y and B phases '

VRN’VYN’ BN °

I,I,I, : Phasecurrents of R, Y and B phases
ka,Vm,VBR : Line voltages across R, Y and B lines
T“,TLZ,TL} : Line currents of R, Y and B lines
Z, : Load impedance per phase
In a balanced system,

‘VRNI =|7ml =|I73N’ =|Vph| ; IVRY’ :‘le =V :WL‘
|7R| =|7Y| =|78’ =|7ph| ’ lju‘ =’Tu :‘Tle _'TL

Current Relationship

Applying Kirchhoff’s current law at nodes R, Y and B in Fig. 5.12, we get
7R = 7Ll; Ty = 2-1.2; 73 = 7L3

This means that in a balanced, star-connected system, phase current equals the line
current,

Tph = Z L
where TRzV_; iyzznx; jgz_@
z, z, z,
Voltage Relationship

Applying Kirchhoff’s voltage law to the loop consisting of voltages, 7,7, and 7, i0
Fig. 5.12, we have V,, —V, = Vey
Using parallelogram law of addition,

|ny| = \/IVRNF +'I7YN|2 +2|I7RN“I7m|cos60°

- \/|;7p,|2 +|I7p,,|2 + 27|I7ph”’7ph|(0'5)

Therefore, |V |=

and i/-ph =W

72 (77 |
Thus. V=3
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., Line voltage = \/5 Phase Voltage

Thercf"r e 7, l =
_Eﬂngvj_tage

i ¢, Phase voltage =
' 3

Load Impedance

If the load has lagging power factor (inductive) in nature, then the load impedance is given by
Z,=R,+JX,,

If the load has leading power factor (capacitive) in nature, then the load impedance is given by
th = Rph - jXCph

Power Relationship |

The power factor of the system is cos ¢.

Real power per phase, P= IVI,,,”TphlcosqS
Total real power, P= 3, Vphl lfphl cos¢

— 3'—%.,,71’,00843
=37 |T,|eosp W)
o =|Vph”7ph|sm¢

Reactive power per phase,
0= 3|Vph”7phlsm¢

Total reactive pOWEr, _
= 3‘,‘\’/'/"’“:;1 IT Ll Sin ¢
. \/EIZHTIJ sing (VAR)

Apparent power per phase, I— ”— '

'otal apparent power, §= 3‘
— 33.“1
= VBIF[TIVA)
| }“‘f“:f<)re, power factor = 'g = pos ¢
:-‘hasor Diagram e b alanced, star-connected load with lagging power

r a three-phase

th
!'}‘-..,or diagram fo ¢ shown 10 Fig. 5-13.

"1 load (inductive load) i
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A
Phasor diagram for a three-phase, balanced, star-connected load
with lagging power factor (inductive load)

The phasor diagram for a three-phase, balanced, star-connected load with lead
power factor load (capacitive load) is shown in Fig. 5.14.
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SICRRER Phasor diagram for a three-phace halancad ctar ~anna~tad load
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MCHEREN Circuit diagram for a three-phase, balanced, delta-connected load

Analysis

The notations used for the analysis of three-phase, balanced, delta-connected load are:

RY? VYB, BR : Phase voltages of R, Y and B phases
I.,.1..1,, - Phase currents of R, Y and B phases
V, oV, Vs . Line voltages across R, Y and B lines
1..1..1 . Line currents of R, Y and B lines
R>7Y>"B
Z . Load impedance per phase
ph
Ing balanced system, I I l ‘ . | )
72 72 7 | =y — 3 I
7 /| = =V 0 WVl = Vys| =V sr L
Ful il ; ’1 B
T 7 7|=IT ; L%l A R b
|1k|=|1)'|=|]8|'| P"l N
Voita
9 Re i o
“Dplyi lationship to the 100p consisting of 7, and ¥, 10 Fig. 5.15, we have
Ying Kirchhoff’s voltage 1aW
§ Vu =Viy 7
N mllarl — — and ’/L3 =V
Th & Vi, = Vg
Ug) _ _
] Vph = : L .
Phase voltage = Lin® voltag
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Current Relationship
Applying Kirchhoff’s current law at the junction R in Fig. 5.15, we have
Iy -1, BR I R

RY

Referring to the phasor diagram and applying parallelogram law of addition, we hay,
[Ta] = Ao+ Tl + 2{Tar [T cos60°

— J|prh|z +|7,,h|2 +2|@,,||Tp,,|(0.5)
ITR' = \/§|Tph|

Therefore, ljphl 7 |—\I/—R§—|

Similarly, we have

Therefore, Th'zl—i and |7 |_—_|_B|_

A= s
Thus, [7|=3|T,
ie, Line current =3 Phase current
Therefore 7= %
S

Load Impedance

If the load has lagging power factor (inductive) in nature, then the load impedance is §V¥0 ™
2= Rt Mo -
If the load has leading power factor (capacitive) in nature, then the load impedan
given by

th = Rph = jXCph
Power Relationship

The power factor of the system is cos ¢.
Real power per phase, P= Vphllfphl cos¢

) | X Total real power, P= 3| Vph”jphlcos P
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|7
‘3|V|ITL3|cos¢

|V||’ |coso (w
“1,,,,|sma§
Q 3|V "1 lSln¢

Reactive POWET per phage

Total reaCﬁVC power,

Apparent power per phase, § =|,7 T
Total apparent power, S— 3‘17

Therefore, power factor = g = 08¢

Phasor Diaggram

The phasor diagram for a three-phase, balanced, delta-connected load with lagging power

factor load (inductive load) is shown in Fig. 5.16. [
B

Ver
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VYB balanced delta-connected load

load)
m fora fa tor (mductlve
mﬂ-m phasof di ag powef
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for a three-phase, balanced, delta-connected load with e
9

ve load) is shown in Fig. 5.17.

The phasor diagram

power factor load (capaciti
VBR 15

Vyg
IGEERIA Phasor diagram for a three-phase, balanced, delta-connectedioad
with leading power factor (capacitive load)

Determine the line current, power factor and total power whena 30, 400"
h branch is connected 2

supply is given to a balanced load of impedance (8 + j6) Q, if eac

star form.

Solution
. . . o . \f\swov
Given: Load impedance, Z,, =8+ j6Q=10/36.86"Q and line voltage, |t

For a balanced, star-connected load,

Phase voltage, |V, |= NP

=V 230.94£0° .
I,=-2= 30.9420° _ 53 094/ —36.86°A
7. 10236.860°

ph

Line current, |7L| = \Tp,,| =23.094A

Phase current,

power factor, os¢ = cos(36.86°) = 0.8lagging
Total power, P=13 \VLHTL\cow

=+3x400%23.094%x0.8= 12799.994W = 12.8kW

 ad
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Example 5.2 The power consumed in a 3¢, balanced, star-connected load is 2kW at

wer factor of 0.81 lagging. The supply voltage is 400V, 50 Hz. Calculate the resistance
and reactance of each phase.

Solution
Given: Power consumed, P = 2kW, power factor, cos¢ = 0.8 lagging and line voltage,
lm =400V

For a balanced, star-connected load,

A

B

=230.94V

7o =
power consumed,
P= \/§|V_'L||T,_|cos¢

Substituting the values of p, VLI and ¢,
2x10° =+/3x400x|I,|x0.8
Therefore, |7L | =3.6084 A
For a balanced, star-connected load
ol
= Vv
Therefore, |Z h| = l_”"l _23094_ 10
#r,|  3.6084
p
and phase angle, ¢ = cos™' 0.8 =36.869°
Therefore, z, = | th| /b =64/36.869°
=512+ 138.40 = Rph + jXLph
Therefore, R,=512Q, X,= 384Q=2nx f XL,
d __384 _o1222H
P 2w x50

A 3¢ balanced, Jelta-connected load of (4+/8) 2 1s connected across a
400\/, 3¢ balanced supply. Dete rmine the phase currents and line currents. Assume RYB
Phase sequence. Also, calculate the power

Sol'mbn

drawn by the load.

Givep,. ey 3.43°Q and line voltage, |7 | —
Ven: Loag impedance, Z,, = 4+ /892 8.944.6 voltage, |V, | = 400 v

* delta Connected, IV‘, | =

- -
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7| _ 200

The phase current, IT p,,l = |Z =S 44.7227A
ph ’

The line current, IZ.|= 3 |Tph| =3x44.7227=717.462 A

" Taking ¥, =V = 7,y as the reference phasor, we have

Ty =1, which lags ¥, by phase angle 63.43°

T, =44.7227£-6343°A

Therefore,
Similarly, T, =44.7227/—6343°~ 120° =44.7227/ —183.43°A
and - I, =447227£—183.43° ~120°=44.7227£-303.43°A

ected load, the line current lags the respective phase current by 30°.

T, =77.462/=63.43°—30° = 77462/ ~ 93.43°A

For a delta-co:

Therefore,
Similarly, Ty =77.462/-93.43°-120°= 77.462/ —-213.43°A
and 75 —77.462/ —213.43°—120°= 77.462/ —333.43°A

The power drawn by the load, P= NE) |I7L ||I_L IcosdJ = /3 x 400 x 77.462 x c0s(63.43°)
=24004.868 W = 24.004kW

a balanced, Jelta-connected load
¢ angle 40°

IEZITEEET A symmetric 3¢, 400V system supplies
as shown in Fig. 5.18. The current in each branch of the circuit is 20A and phas

lagging. Calculate the line current and the total power.

- R-—_—’TL

Solution

I7L|=400V, phase current, 1,

Given: Line voltage,
¢ =40°

For a balanced-delta connected load,  |7,,|= 7| =400V
The line current is given by |1—L | -3 ]T,,hl —34.641 A

The total power is given by P =37, ||T.|cos?
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wmtimﬁﬁg'il" |TL| and ¢ . we get

Three-Phase Systems [EIE]

= V3 x400x34.641x cos(40°) = 18385.058 W — 18.385kW

A 3¢ balanced, star-connected load of 2 + 74 Q is connected to a 3¢ balanced,
r«\mﬂ&\“‘d source with a phase to neutral voltage of 110 V. Determine the line voltage,

pbast' voltage across the load, line currents and phase currents in the load. Assume RYB
ghase sequence. Also calculate the power drawn by the load.

Soluion
Given: Load impedance, Z , =4 + j8Q =8.944/63.43°Q

Phase voltage, |t7p,|w) =110V =\

| l(.mmv)

For a balanced, star-connected load,
Lnevoltage |V, |=V3[7,|, ., =V3x110=190.525V
The phase current, |1 | a I“"““ ”0 =24.597A

ph l(ioad) |th l

The line current, |7, | = |7,,,| = 24.597A
Taking 7 .+ =V as the reference phasor, we have

I,= I, which lags Vp, by phase angle 63.435°

Therefore, T ooy = 24.597£ — 63.435°A
iy, Ty touty = 24.5972£ — 63.435° — 120° = 24.5972 —183.435°A
N T ctous, = 24.597£ —183.435° — 120° = 24.597/ — 303.435°A
Fo
()*r>a balanced, star-connected load, the line voltage leads the respective phase voltage by
?ﬁef%’ V., =190.52520°+30° = 190.525/30°V
Ty, 7 —190.525230° —120°=190.525£—90°V
YB — .
N Ve =190.5252 —90° — 120° =190.5252 — 210°V
Po
Ver drawn by the load,

A A

3 x 190,525 x 24.597 X c08(63.435°) =3630.019W =3.63kW

b

I’/

Y 4’
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