Electrical Science: 2021-22
L_ecture 19

Three Phase AC Circuits - Part 3

By Dr. Sanjay Vidhyadharan
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Power in Three Phase Circuits

Star Connection Line 1

Vey =V, N3 ... (From V| =3 V,,)

P=V3xV, x| x Cos®d
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Power in Three Phase Circuits

Delta Connection (Ig ~1Ig) |

Power / Phase = Vg, lpy X Cos®
And the total power of three phases;
Total Power =P =3 X Vpy 4 lpy X Cos®

oy =1L N3 ... (From 1= 3 Ip,)
Ven = Vi

P=3XVpyylpy X Cos® .... or
P=v3xV_ x| x Cos® ;
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Power in Three Phase Circuits

A three phase 400V, 50 Hz, balanced supply feeds a balanced load consisting of
(a) three equal single phase loads of (40 + j 30) Q connected in star, and
(b) a three phase heating load (purely resistive) of 1.8 kW.

Determine the supply current, supply power factor, active and reactive power
supplied.

Solution > .
(1) Using one-phase diagram (figure 8) L Iy [pi\l/
Z11=40+(30Q B 7ol | 7. v,,T

E, = 4003 =230,940

P, = 1.8/3 =0.6kW =600W

P " —
230920 230920 Figure 8 — Single phase diagram

I, = — = =4.6192£-36.87"
40+ j30  50.£36.87
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Power in Three Phase Circuits

A three phase 400V, 50 Hz, balanced supply feeds a balanced load consisting of (a) three

equal single phase loads of (40 + j 30) Q connected in star, and (b) a three phase heating
load (purely resistive) of 1.8 kW.

Determine the supply current, supply power factor, active and reactive power supplied.

In order to calculate I2, we need not calculate Zj 2, but can use P =V I cos ¢.

A, = 233?;]}{1 =2.598.£0 [Note:angle 1s zero because it 1s purely resistive]
Thus I, =1, + 1, = 4.619/-36.87"+2.598 =6.293 —j 2.771 = 6.8762-23.77" A
supply current = 6:8762-23.77" A
supply power factor =wcos (0—-(-23.77)) = 0915 lag

active power supplied. = V3V{I cos & =3 x 400 x 6.876 X 0.915 = 4360 W
reactive power supplied = V3V I; sin & =3 x 400 x 6.876 x sin (-23.77) = 1920 var
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Unbalanced Loads

The unbalanced Y-load of Figure below has balanced phase voltage of 100 V and
the acb sequence. Calculate the line currents and the neutral current.
Z,=150,Z2,=10+j5Q, Z.=6-j8 Q. ,

a

—_— A
The line currents are, y A
0
I, = 0020" _ 6 67./0° A Van Z,
In
10021207 ¢ 94.93.44° A o—— N
10+ 15 v | 2 Zc
100 -120 = ¢
;<1002 0 66.870A o >
© 6-/8 v.Z
I yVCN

The current in the neutral line is:
[ = —(Ia +1, + Ic) = —(6.67 —0.54+ j8.92+3.93— j9.2)
=-10.06+ j0.28 =10.06/178.4° A , 6
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Measurement of Power

(1) Three-Wattmeter Method :This Is simplest
and straight forward method.

(i) Two-Wattmeter Method : This can be used
for any balanced or-unbalanced load, star- or
delta-connected.

(111)One-Wattmeter Method : This can be used
only for astar-connected balanced load.
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Measurement of Power

R
L

Yo ® Balance
load
L

Bo
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Measurement of Power

Two-Wattmeter Method
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Measurement of Power

Two-Wattmeter Method

The sum of the wattmeter readings gives the average value of the total power absorbed by
the three phases

Total instantaneous power

= iRVR,\I + iYVYN + iBVBN. } UrRNY W,

The instantaneous power measured by W,,

Py =g (Van —Vyir) Yo ’:Y
The instantaneous power measured by W,

. W,
P, = IB(VBN _VYN) 5 Y UBNY
P+ P, =1k (VRN _VYN) ¢ IB(VBN _VYN)
=1,V +IgVay — (I +15)V
R "RN B BN R B/7"YN . .
Since we did not assume a balanced load

By KCL, iy +i, +i; =0 = (i5 +i3) =—I, or a sinusoidal waveform, it follows that

the sum of the two wattmeter readings

gives the total power under all conditions.
10

P+ P, = iRVRN + iBVBN + iYVYN
= total instantaneous power
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Measurement of Power

Power Factor Measurement by Two-Wattmeter Method

Concept of ‘power factor’ Is meaningful only.if the load is balanced.

R R R
o > o
Wi
3-wire 3-¢
3-¢ Y | Ly Y balanced
> O—
power g load
supply (Yor A)
B Ig B
—0 > o—
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Measurement of Power

Power Factor Measurement by Two-Wattmeter Method
I, =1, =1; =1, (say)

_ _ — R / R
3-wire 3-¢
3-¢ Y 3 { Y ¥ balanced
power ’ 7 load
supply (YorA)
B B B
—O > O—

12
P, = Vrplrcos( @) = V3 Vanlg cos( — 30° — @)

:\/§ VRNIR COS( 30° + QD)

P, = Vygly cos(¢) = =/3 Vynly cos(30° — @)
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Measurement of Power

Power Factor Measurement by Two-Wattmeter Method

R I R |
Pl = \/§VRNIR COS(SOO + (p) NS 30
3-¢ Y - Y | balanced
Pz = \/§ VYNIY COS( 30° — (p) 51?;:)?; 25 i (Yk())e:dA)
B by |
P, cos(30°—¢)

P, cos(30°+¢)
By applying componendo and dividendo

P.—P, cos(30°-¢)—cos(30°+¢)
P+P, cos(30°—g)+cos(30°+¢)
_ 2sin30°sin ¢
~ 2¢0530°c0s ¢

=tan 30°tan ¢

v [tang = \/_[

P, + PJ
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Measurement of Power

Important Points :

If ®=0° P,=P.,.

« If @<60° both P, and P, are positive; and
P=P,+P,

 If®=060° P, is zero.

« If®>60° (ie., if p <0.5), P, is negative.

In such case, the connection of either the current coil or the
potential coil has to be reversed to make positive deflection.

The value P5should then be taken as negative while calculating
the power factor or the total power.
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Measurement of Power

Example:

« Two-wattmeter method was used to determine the
Input power to a three-phase motor. The readings
were 5.2 kW and -1.7 kKW, and the line voltage was
415V. Calculate

(a) the total power,
(b) the power factor, and
(c) the line current.
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Measurement of Power

Solution :

(a) The total power,
P=F+P,=52kW-1.7 kW = 3.5 kW

P-P 52-(-17)
b) tang=+/3| =2—= |=+/3 =3.41
o / \/__Pl+P2_ \/__5.2+(—1.7)_
¢ =tan " 3.41=73°39"
pf =cos¢p=cos73°39'=0.281

(c) 3500=4/3x415x |, x0.281
- |, =173 A
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Measurement of Power

Three-Wattmeter Method

Wi

72

©FElprocus.com
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Measurement of Power

Three-Wattmeter Method

Three wattmeters W1, W2, and W3 are connected, respectively, to phases A, B,
and C of an unbalanced Y-connected load as in figure. The balanced source is
Y-connected with phase voltage 100 V in negative (acb) sequence.

Find

(a) the wattmeter readings
(b) the total power absorbed
by the load.

; =Y
\aan L
I, Vo 150
‘ — '] N
- ~10Q ._._;r.._/ \ 60Q
Vay o _
f« —j8 Q
Vey o & %
— = a4 (= j5Q ’
N /
Cr } | 1"‘?"2 | C
M E
L[
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Measurement of Power

Three-Wattmeter Method

Solution: The line currents are, |
N — A
100£0° N N |
]a = 15 =6.6720°4 | y:N é 15ﬂ|
P _ ~|
o - N
10Q v 7, 6Q
1, =1092120" _ ¢ 94 /93 4404 Voo S
10+ /5 ey b & N
5 — S I -\I + } : _J'E Q c
. o F 2 B
[ 1022y, gegrea + e
6 — J8 : Rt
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Measurement of Power

Three-Wattmeter Method

(a) The wattmeter readings are,

B =Re(V,,1,)=V 1, cos(6, —6,)=100%6.67*cos(0° —0°) =667W

P, =Re(Vyuly) =Vl cos(, —6, ) =100*8.94*cos(120" —93.44") = 800W
B =Re(VoyI') =Vl cos(8, 6, )=100%10*cos(~120" +66.87") = 600

(b) The total power absorbed 15 B = P + P, + P, =667 + 800 + 600 = 2067W

The power absorbed can also be calculated as the power dissipated
across the resistors,

P.=|1[ (15)+|1,]" A0)H{L] (6) = 6.67°(15) +8.94* (10) + 10*(6) = 667 + 800 + 600 = 2067W

IC
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Thankyou
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