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Lesson 5: Power In Balanced
Three-Phase Systems

ET 332a Ac Motors, Generators and Power
Systems
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Learning Objectives

After this presentation you will be able to:

» Compute the active power absorbed by a three-
phase load.

» Compute the reactive power absorbed by a three-
phase load.

» Compute total three-phase apparent power.

» Compute the total power several loads absorb.

» Compute reactive power necessary to correct
power factor in a three-phase system.
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Three Phase Power

’i
DO=0Or

c ! Phase
v

Total Three-phase Power

Load can be either wye or delta
connected.

Assume wye connected load and
compute power on per phase basis

Power
P, =V,-1,-cos@)

Using line quantities...for wye connected
Pr=3-V,-1 -cosg) loads

S, =3-V,-1,

=1,

M

V|_|_=‘/§'Vp _)Vp = \/5
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Three Phase Power

Total three-phase power using line quantities

Active Power P; = \/§-VLL -1, -cos(0)

Apparent Power S| = \/§-VLL an

Three-phase reactive power formulas

Where 0 is the angle
between line voltage and
line current

Phase Reactive Q_ =V, -1 -sin(0,)

Where 6, is the angle between
phase voltage and phase
current

Total Reactive Q. = 3-V, -1, -sin(0)

P.

_Pr | 3¢ power
Also ST:\/PT2+QT2 and Fp_§ factor
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Three Phase Power Calculations

Example 5-1: A balanced delta connected three-phase
load draws 200 A per phase with a leading power factor
of 0.85 from a 12.47 kV line to line system. Determine

the following :

a) The line current magnitude of the load

b) the phase voltage magnitude of the load
c) the total apparent power of the load

d) the total real power drawn by the load

e) the total reactive power drawn by the load
f) the total complex power of the load

Example 5-1 Solution (1)

a) Delta connected load so |V =|V,| and |IL|=\/3~|Ip|

‘IL:WIP IF‘: 280 A IL:VH‘Q\(&CWA}

I: 2404 A m
b) Line voltage \/{_: \/P-: 12,47 Rv m

c) Find the total apparent power, Sy S *N3 VL, or 3V,
5;\/}‘(;2.47%)(2?4.4#\) S Vede
S,= 7482 KvA Q@ Sy 3(RATR)E@AS

ST 82 RVA m
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Example 5-1 Solution (2)

d) Active or real power

[*OT:\r;ULJL‘CGG‘G F}nd Q"Crbm E‘hp
FP:O.?S L&vda""j
fn=Cos9=0.85

R RN E AY(0.85)
R=6359.5 KW

e) Reactive power () = \(EVLILS“U(Q)

Finde Q< cas () O VE(Rak )@ aA)si(2197)
@aCoéf(a,&’S') . 3041 KVAR
-

8= 34.79° Q '
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Example 5-1 Solution (3)

f) Complex power. Assume V, angle is zero degrees
L= 36 d 1090 A
VT le /e Ky ) .,
NV
¥
S \[é?(l 2“'{!?(3‘?) <§5§é,é‘i / zmq“)

Polar form §T: 749232 /-31.19° RUA

Rectangular form §T: 63596~ atgqq | KVA
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Solving Three-phase Systems

E,, = 460.0° V E, =460 £ -120° V E_ = 460 £ 120° V
Z1=10230°Q Z2=15,2100Q Z3 = 20+j20 Q

a—
s 2y
C &
= |
' ' yloe
B
o
o—" *
[ Q

SO0 kWA
3-phose B0 Hz
460 W
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Example 5-2: For the system below find the ammeter reading, I,.

Example 5-2 Solution (1)

= ] ad o
Fm’n = Qo /87 207 S

2.:
E, = 4co 2 E— 1S Jie® se.
gcc:_' 4@051&30 g

2a }QLZ.O.R

Meter reading is

sum of load currents I TQ;'LI \Ll
Z1 is a balanced wye connected load
== = U - F \/ 4¢s
Tl T2 =8 s fat A &
8 e \fé ~30 \/
P Z%ﬂﬁé_"
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Example 5-2 Solution (2)

- 265¢ /0 To= L
II_ T e [,_&ooé ~:EL Ae.9e Leh
L 72656 /<A

Z2 balanced delta load. Find I, then compute I,.

VeV Uy =dcoov

= . 460@‘)\/
Iy = S 30.67/-1° A

i \2 (0.7 o= A

L.z 830,96 A

~
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Example 5-2 Solution (3)

Find the single phase current

'—f(_ﬁ: o %.g: 20t 20
€, 2,5 28'22@031:
Eomm kg,

Eccff’ deo /124 (/

E;zf, ~deo fize°
— Em o fg®

Eus 460 fzar = 4¢o/-c°
'—:fa.g: 1627 é:’rﬁ“0 A

Ful 1080 (¢0 fre) T,: gc . 3
. B3/’
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Example 5-2 Solution (4)

Sum currents to find meter reading
T, =26 26/-62 + $3.01 /-4 +(8.2/-155° A

:—f;f Qg -3?'-&:23) + @c). 6951&( . ng))t (42!* stqz)
Zf.,fﬁl?}.?sgnél 22.88A

Iz 8622 /fsaA m

Lesson 5_et332b.pptx 13

Solving Three-Phase Systems by

Power Calculations

Example 5-3: A 440 V 60 Hz 3-phase source supplies three loads:
1) Delta connected 3-phase 60 hp induction motor operating at 3/4
of rated output with an efficiency of 90% and a power factor of

94%

2) A wye connected 3-phase 75 hp induction motor operating at half
of its rated output with an efficiency of 88% and a power factor of
74%

3) A delta connect resistive heater drawing 20 kW.

Find:

a) total active, reactive, and apparent power supplied by the source
b) the power factor of the combined loads

¢) the magnitude of the line current

d) the capacitance and voltage rating for a wye connected capacitor
bank that will correct the system power factor to 0.95 lagging
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Solution Method

Find the total active and reactive power absorbed by each load,
using the power factor and the efficiency, then construct power
triangle for total load.

Use the following formulas

P,=v3-V, -l -cos@®) S, =P’ +Q,’ Fp:z—T=cos(9) n:[i")-loo%

T i

LF = (PO] .100% tan() = %

rated T

Where: P, = machine mechanical shaft output (W)
P, = machine electrical input (W)
P,.teq = Machine rated shaft power (W)
P; = total 3-phase active power (W)
St = total 3-phase apparent power (VA)
Q; = total 3-phase reactive power (VARs)

= machine efficiency
LF = load factor
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Example 5-3 Solution (1)

a) Load 1: 60 Hp induction motor

My LE=Nsy Fo P94 099 &,’: « HP

(74¢w/ﬂp) P, (Ll—'/; m} Find power factor angle
- T} -1 _
it Nif) et: Cos ('LF’L)
. =1
P:y = Gacw/ne) (COHP)(]‘S_/,U,] = Cos (o.%}
(P ) g,=139s°
= 33,87%cW Induction motor-F, lagging Qr
e é»% = 37,30W positive
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Example 5-3 Solution (2)

Qp Load 2: 75 hp induction motor

Find Qp, Lan (9)- E’,_/J
N, 8% F,70949
r?/l{ﬁm(é)) < QT/ 2 f2 .
3720 ban (1995 <@, P 7SH L7250

Vars 13,539 - 5, - (54(mwp\§pgm
A (o

P, - (796w/ne)(1sen)(SE)
(%% /100)

Pz 21976
¢ .§8

= 31,793w
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Example 5-3 Solution (3)
Find the power factor angle then find Q,
8,= CM"( ﬁ)z) lq-;,_'{:qn (Qz.\ =Qrz

- i
6, Cus'(0.29) 3 ;790 tan (423“‘):@,2
6, 42.3° Gro = 282895 VARs

Load 3; Resistance heater Pfa: 20,000 W Only absorbs watts

Sum the total active and reactive power of each load to find the total
system power absorbed.
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Example 5-3 Solution (4)

P szrzmw  Qn7 13,839 vAR
B o= 35,196 w Qry 28,895 VAR

Pg= 20,060 W ngs: 42 43¢ \MQm

R 89,090 W (Er
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Example 5-3 Solution (5)

b) Find the power factor of the combined load

Bys 8090w
s gﬁ © 9B, CBAVA

Fosg 0903 Laq (Eumm

¢) Find the load current magnitude
Sam VEVLL Vs 90y

_ S 3§, (RO VA
SV Ve =Sy

. T, = PERR ns |

10



Example 5-3 Solution (6)

d) Find the capacitance and voltage rating of a capacitor that
corrects the system power factor to 0.95 lagging.

Q,-N& VI sm8

Where 0 is system power factor

Q;=42,434 VAR
angle

P
SVIVL, St Fpe, 098

¥
o)
éwfm" Cos (@NWB
QNEUJ: '8‘2b
Construct new triangle

PS < 89 040w ) VA
Swea Fom * olas | Sreest 126

[NUW)

P;=89,090 W
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Example 5-3 Solution (7)

This is the value of the total 3-

= [ Q .
Q‘rwew STN&” i phase VARs required to correct

Qurewss B220 510 (19:27)
QT = 29,2724 VARS
[(SaSV3

F, to 0.95 lagging

The capacitor bank power, Q,
is the difference between Q,,
and QTnew

} Q Qs 42,4939

Qune 29,279 VArs

QTnew
Q,,s=42,434 VAR Qc_'- 42}484 - 29'2'74 VARS

Psy5:89,090 % QC: !3) fC,D VAQ;S
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Example 5-3 Solution (8)

Use the one-step formula to check result

O P 1{11’:&*\(@:((“;3))“ fw(dni'(ﬂw\)]

}df': 0.9 Fi;ﬂa.f’ 098 9;35; §%,090 W

Q= 89,09 [tan (<! (651 - bun(esi!f “”Sﬂ
Q.7 89,090 [tan( 25.94°) Lan (,g_zﬂ

Q= 9,092 {0*4943 - 0-32-._87:\

Q = [3,88S VARS  Compares to previous
<

Example 5-3 Solution (9)

Q_ is the total bank power required, find the phase power

- 3Q s = _ 13, 16aVARS | 4337 vaes
Qe= =¥ %7 Qe

Bank is wye connected so capacitors see V,, not V|

Vo _ 440V }
Vowr 5 F U Vpu: 254V m

Find the capacitor value

c - e . §=Carfz Vo 294V =
2wiVer  Qpr 4287 VAR

_ 0.00061%
C20.00018F Co ~———= g0 mF m
1xta © F/uF
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End Lesson 5: Power In
Balanced Three-Phase
Systems

22> ET 332a Ac Motors,
Generators and Power
Systems
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