POLYPHASE CIRCUITS

LEARNING GOALS

Three Phase Circuits
Advantages of polyphase circuits

Three Phase Connections
Basic configurations for three phase circuits

Source/Load Connections
Delta-Y connections

Power Relationships
Study power delivered by three phase circuits

Power Factor Correction
Improving power factor for three phase circuits
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THREE PHASE CIRCUITS
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Balanced Phase Currents
i,(t)=1, cos(wt—0)

i, (£)=1, cos(wt—6—120°) Instantaneous power
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Instantaneous Phase Voltages
v, )=V, cos(@t)(V)

v, (&)=V, cos(wt—120°)(F)
v.(t)=V,, cos(wt—240°)V)

P (0= cos(@i—0—240%) PO=VarOia(O)+ 9, Di ()4 v, (Di (1

Theorem

For a balanced three phase circuit the instantaneous power is constant

p(t)= 3%COSH(W)
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Proof of Theorem
For a balanced three phase circuit the instantaneous power is constant

p(t)=3 %cos oW)

[nstantaneous power
p(t) = v, ()i, () + vy, (0)iy (1) +v,, ()i (7)

cosacos =%

p)=V,1,

[ coswtcos(wt—0)
pt)=V I, |+cos(wt—120)cos(wt—120-0)
| +cos(wt—240)cos(wt —240—-0) |

cos(a— B) +cos(a+ B)]

[3c0sO+cos(wt—6) ]
+cos(2wt —240—-0)

| +cos(2wt—480-0) |

O=wt—0

cos(¢@
cos(¢@

—240) =cos(¢ +120)
—480) =cos(¢ —120)

cos(120) =-0.5
Lemma

cos@+cos(¢ —120)+cos(¢p+120)=0
Proof

COS®P =Cos @

cos(¢—120) =cos@cos(120) + sin @ sin(120)
cos(¢ +120) = cos@cos(120) —sin ¢ sin(120)

cos@+cos(¢—120)+cos(¢ +120)=0
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THREE-PHASE CONNECTIONS

Phase a
‘ F
Balanced Phase b b v, v
three- 1 7 TN, -
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E:‘.ll"\ﬂ:; ‘v.-.l.'.' "'r.':-n |_ E -:|$ l;:;;_ h" 1‘: ( / \ :K, F‘
Phase ¢ . 2 | - . {
source c l N - —
Positive sequence
a-b-c
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BALANCED Y-Y CONNECTION

ca

I =

a

1,21, ]26%I,=1,|£6-120%1

I,+I,+1.=1,6=0 Forthisbalanced circuit it is enough to analyze one phase

SOURCE/LOAD CONNECTIONS

: I
A a IY

Vo =V, | £0°

Line voltages

|

(a)
vV Vab Vbn :| Vp | <~120 Vab = Van - Vbn
{,._'Sv p 1 = Vcn =| Vp |4120 :| Vp |LOO—|VP |Z—1200
® - Ly egs
NN Positive sequence =V, | (1-(cos120— jsin120))
v, phase voltages
\r-’c_ll_v ¢ I A - E V. _| V| _ | vV | l_ .ﬁ
I ( ) ez 4 O ’ Al S L) ! 2
=3|V, | £30°
I,
X / Vbc:\/§|VP|4_9OO
Van;Iszbn;ICZQ K\wf1 Vca:\/§|Vp|Z—2IOO
Zy Zy Zy Ve

I, | £6+120°

A, =

Kigi=

V, =+/3|V, | =Line Voltage
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LEARNING EXAMPLE

\:r..'.'n
: : I,
[ 't
IT
Vi
I
[ @ Jrn}----un---«-u Zyl—o

Balanced Y - Y

v, =120/—60°
v, =120/—180°
V. =120/60°

For an abc sequence, balanced Y - Y three phase circuit
vV, =208£-30°

a

Determine the phase voltages

V..
o The phasor diagram could be rotated by any angle
A
Yo t:-"l.ll Yen
o~ V‘.-""s -
- o A'-—- !
Positive sequence
Vi a-b-c

Van =1V | £0° Va Yo ===V Vo =3 V,|£30°

V| £—120° ’
e ’ V. lagsV,, by 30°
V,, =V, | £120° "

Positive sequence Vip =208£-30°
phase voltages S o
A I . — ab _20° _ o
Vo V= L30°-30%)

Relationship between
phase and line voltages

GEAUX »
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LEARNING EXAMPLE

For an abc sequence, balanced Y - Y three phase circuit

SOUrCe |V puse (= 1200V) s> Ziine =1+ j182, Z 5, =20+ j10Q2  Because circuit is balanced

Determine line currents and load voltages

I!I.'1. ] !l

data on any one phase are
sufficient

j14) I,;=5.06£-120-27.65°(A)rms

a4 @—=—AA wan—0 A
I. =5.06£120-27.65°( A)rms
/ ézﬂ Q
. CD v Voy =1,,x(20+ j10)=1,,%22.36./26.57°
= BN Vv =113.152—=1.08°(V )rms
120£0° ;
Chosen \ 100
as reference Ven =113.152—-121.08°(V )rms
"0 N Voy =113.15£118.92°(F )rms
v, =120.0°

V,, =120/-120°
V. =120/120°

Abc sequence
V

an

120£0°

IaA — o
21+ j11 23.71£27.65°
=5.06£—-27.65°(A)rms
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LEARNING EXTENSION

V.. =120£90°(V)rms.Find the line voltages
V., leads vV, by 30°

V., =~/3x120£120°(V )rms

V,, =~3x120£0°(V )rms
=/3%120£240°(V )rms

V., =20820°(V)rms. Find the phase voltages

v . lagsV,, by 30°

—— — — —

Ve ..
r— ==V

Vab

Relationship between

For an abc sequence, balanced Y - Y three phase circuit

=3 |V, | £30°
V. lagsV,, by 30°

phase and line voltages

208
V =——/-30°WV)rms
an \/§ ( )
208
V., =——/Z—-150°(V))rms
bn — \/§ ( )
208
V. =——Z290°(V )rms
cn \/g ( )

| |

>
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LEARNING EXTENSION | For an abc sequence, balanced Y - Y three phase circuit
load, |V 104.02.£26.6°(V) Z,,.,=1+jlQ, 7Z =8+ j3Q

phase |:

rms > phase

Determine source phase voltages Currents are not required. Use inverse

voltage divider

@ Q= M———ua—0 4 8+ j3)+(1+ jl)
Van = 8 3 AN
280 I
9+j4 8—j3 84+15_1.15430410
, 8+ j3 8 j3 73
Al 02X26.6°(V )rms
V., =120£30°

j3Q v, =120£-90°
V. =120/150°

t :-"J.l {

v Ven
”~ -"V"""'\‘ -
a . 7

Positive sequence

a-b-c
<] [> [GrAT >




DELTA CONNECTED SOURCES Convert to an equivalent Y connection

Q

I )
- L
y v (a) Vab = VLAO (V‘m — ﬁé _ 300
w__ Yo |y V, =V, /—-120° = V3
Vea =V £120° W :ﬁL—ISOO
b bn \/g
Vs =~31V, 1 £30 Lsz%Zgoo
H\ ,’f V.. lagsV,, by 30° el
¥ V. =208260° V. =120£30°
Relationship between Vi =2082=607 = 1V, =1202=90
phase and line voltages V., =208£180° V,, =120£150°
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LEARNING EXAMPLE

Determine line currents and line voltages at the loads

(208/+/3)£—-30°

Source is Delta connected.
Convert to equivalent Y

-

V. =V, /0°
V, =V,/—120°} =
Vca = VLAIZOO | < Vbn

V

an

V

cn

N

Analyze one phase

12.1+ j4.2
Vv =12+ j4)x9.38£—49.19°=118.65£—30.71°(V )rms

VL
= "L /_30°
J3

VL
="L /£ _150°
V3

VL
=-L £90°
3

=9.38/ —49.14°( A)rms

» =31V, 1£30° V5 =+/3x118.6520.71°

Determine the other phases using the balance

. 01Q 020 4 120 j4 0
— A aAaa——AAA VAAAS
(") 208/0° V rms
. 010 20 B 12 Q) ja 0
208 /240"
F
V 1 — "\ AL ———AAA VAAAS
(") 208/-120° V rms
014 j0.2 ) 12 0} 4 £
¢ VA wa——AAA VAALS
-
(a)
1,010 j020 A I, =
{ —> s ﬁ A ﬁ -
12 ﬂé
Va
208 /=30° V rms C"‘) Vawn
N _
\ ll%

(b}

I,; =9.382—-169.14°(A)rms Ve =~/3x118.65£—119.29°

| |

>

v L, =9.3824-71.86°(A)yrms V., =~/3x118.652120.71°

GEAUX »




LEARNING EXTENSION Compute the magnitude of the line voltage at the load

o 010 ore 100 j4 Source is Delta connected.
WY WA —IW i Convert to equivalent Y
T) 20800V rms V=Y 20° ) [y Vo /500
| o . . _ _170° o 3
s (7)), 00 jie s 00 Ao |V, =VZ-120°= Vf
V=V, £120° | ly, =-L/_150°
C’) 208/=120°V rms 3
) | N v
0.1 0 0.1 ¢ 10 Q) 40 _ YL o0
s o —W s \Vcn R
Analyze one phase
o0 j0.1Q 4 _ 10+j4 120/ —30°
WA AN 101+ j41
Vol
10Q3 Only interested in magnitudes!
10.77
18/-30°V rms (+ Vi Vv [E120——=118.57(V )rms
%Q\Hm C_) AN AN 10.90
”14“‘; Vap = NEl V,|£30° |V 5 |=205.4(V )rms

s L
N

(b}

KIgL=

GEAUX »




DELTA-CONNECTED LOAD

[/“'\\ a 1,.,A
- + .
‘\._./’ f | ’_f Lig
V,, V lea
alr Y ea Z,_,i
hl
1 @ -__-_g- B L,
-
| e Tzi42,126,
v, Vi =
0 | I
Saraae

Method 1: Solve directly

Van :| Vp|400 Vab:\/§|Vp|Z3OO
Vbn :|Vp|£—1200 Vbc:\/§|Vp|4_9OO

VCn =|Vp|4120 Vca:\/§|Vp|4_2100

Positive sequence

phase voltages POV N

line
Line-phase current
relationship

Load phase currents

IAB=@:|IA|49A 0, =30°-06,
Z,

Ige :@:HA | £6, —120°
Z,

I, :@:| I,|£6,+120°
Z,

Line currents
I,=1,3-1c,
Ig=1Ipc—1,p

Ic=1cy—1Ipc

Method 2: We can also convert the delta
connected load into a Y connected one.
The same formulas derived for resistive
circuits are applicable to impedances

Balanced case Z, = %

7 1 |:|VAB|/\5
I¢1A=Zan=|IaA|49L:> ad |ZA|/3
! 0, =-0,

| |
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A—YX

R,_R _

R, R,

Rb _ RZ
Rc Rl

REPLACE IN THE THIRD AND SOLVE FOR R1

REVIEW OF R,=R, | (R +R;)
AsY 4
Transformations
¢ vWA
Ry
R — R1R2
R, +R _R2(R1+R3) “ R +R,+R,
Rb + Rc = R.R
R1 +R2 +R3 R = 3771
° R +R,+R,
A—Y

p _ R(R+R)

Rc a

SUBTRACT THE FIRST TwWO THEN ADD
TO THE THIRD TO GET Ra

| ]

» _RR,+R,R +RR,
1 Rb
R R +R,R.+R.R,
R, =
RC
R R, +R,R.+R.R,
R, =
Ra
Y -A
RA

GEAUX »




I, =/, /0
L ;f aorA
{ i
Vi =V3V, [db+30° - "
bor B corC
(a)
I, =/;/8
L= L aor A
o
A\
V; =/d +30°
V; =V, jb+30°

ne

Line-phase current
relationship

A ' 1;"!--.'-'.
\
Von xa | VA ’= \/g ’ Vphase ’
A £
Kx .f; HA = thase +30°

V. Line-phase voltage
v  relationship

|Iline |:\/§|IA|

=6, —30°

LEARNING EXTENSION

corc dua=12240°
Find the phase currents
I, =693270°

(b)

| ]

Iy =6.932-50°

I, =6.93£190° :>
GEAUX




LEARNING EXAMPLE | Delta-connected load consists of 10-Ohm resistance in series

with 20-mH inductance. Source is Y-connected, abc sequence,

V..
m a 1.,4 120-V rms, 60Hz. Determine all line and phase currents
O '_flw Vi =120230°0")rms
4
Vo Vi [z, " Zpuctance = 270X 60%0.020 = 7.54Q
\'
N ‘ bl Lgl B :
S en"/radnm Ly Z,=10+j7.54Q2=12.52/37.02° = Z, =4.17£37.02°
v v, Zy I,z = Vas _ 120[3.460 =16.60.£22.98°( A)rms
Cr H Z 10 + ]7.54
AT p
e Iz =16.60£-97.02°(A)rms
WV, =3V V ase | I.,=16.60£142.98°(A)rms
Or =0 ase +30° 1,,=28.752-7.02°(A)rms
Line-phase voltage 1,5 =28.75.2—127.02°( A)rms
relationship 1o =28.752112.98°( A)rms
| Lyine |5 \/§ N Alternatively, determine first the line currents
6, =0, —30° and then the delta currents

Line-phase current
relationship

<1 [ [GrAT >




POWER RELATIONSHIPS

» A
] {Lf’ﬂ"r{i | VA ’_ \/7 ’ hase : d :
AL - Impedance angle
v Or = 0 pase +30°
Line-phase voltage
V;=V3V, /b +30° - : :
‘ \ relationship
I/line
A} Total — 3 Vphase X I phase
bor B corC
_ * Power factor angle
\Y Total — \/gl/linel line 6 f 9
/ —P
Iline
(a) |Ilme \/§|IA|
ll' - ir|.- H i or A Hline = QA - 300
VrJ Line-phase current })total = \/?I/line || Iline | COS ef
7 | 1o ionshi .
Vv V., i+ 30° \I.JI ¢+ relatlo =L Qtotal \/7 line || Ilme | S1n ef
i SN i ] _ *
Jl : Stotal - 3Vline X IA
- corC

\) Total — \/gl/line 1 l*ine

(b)

| ]

GEAUX »




LEARNING EXAMPLE

P,

0

aor A

| I/line |: 208(V)rms
. =1200W
power factor angle = 20° Iaggingj

Determine the magnitude of the line
currents and the value of load impedance
per phase in the delta

— cor C
bor B
- Impedance angle
P, =3Wine |l Ljine | €OSO
ot =3 Wine |1 - Z, =101.46.£20°
Qtotal — \/37|I/line || 1 line | SIN ef
I/line
Potat _ | Viine | Ljine |
ol —__fne —_Hne “cos@ . =| I,  |=3.54(A)rms
3 \/g f | line | ( )
%7 Power factor angle
|Iline |=\/§|IA| f. Ia
Oline =04 —30° ¥, .

Line-phase current
relationship

=|1, |=2.05(A)rms —

1z, 1= Winel _ 101 460
N

| ]

GEAUX »




LEARNING EXAMPLE | For an abc sequence, balanced Y - Y three phase circuit

source |V, ., [=1200V),,... Zy, =1+ j1Q, Z . =20+ j10Q

phase rms > phase

Determine real and reactive power per phase at the load and total real, reactive and
complex power at the source

I, 10 i1 Vv=1,,%xQ20+j10)=1,,%x22.36,£26.57°

Vv =113.15£—1.08°(V )rms
gzﬂn S hase =VanTog =113.152-1.08°%5.06£27.65°

S =572.54£26.57° 512 j256.09(VA)rms
d Qperphase

perphase
S ource phase = =V, x1I aq =120£0°%5.06£27.65°

A

phase

. N
2L Chosen \ %ﬂﬂ (1

as reference

i 0

N
Van =12020 Siource phase = 607.2227.65°
v, =120/£-120° Because circuit is balanced .
data on any one phase are =537.80+ j281.78VA
Vi =120£120°  gufficient
Piotal source =3%537.86(W')
Abc sequence
V. 120.20° Ototal source = 3%281.78(VA)
I,= 21+ j11 = 23.71427.650 St lcainae = Gorlearae Uil eauics

=1613.6+ j845.2(VA)

=5.06£—-27.65°(A)rms
[«] ZH Stotal source = 1821.6(VA) GEAUX




LEARNING EXAMPLE | Determine the line currents and the combined power factor

Circuit is balanced
Load 1: 24kW at pf = 0.6 lagging

aor A

o Load 2: 10kW at pf =1
Viine =208V yrms Load 3:12kVA at pf = 0.8 leading
- bor B cort g_pyjo  Im4 inductive
P=[S§|cosb, g : 0
P, =24kW L e -0
1 | }:»1 S, |= 40kVA Q= S|sinf, N
pf =0.6lagging pf =cos, Ra
10/ 1= 8, ~| B =32kV4 St =S, +8,+ 8, -Q
lagging = inductive .. S, =24+ j32kVA capacitive
Load 2
P, =10k Srora =S, + 8, + 8, =43.6+ j24.8kVA =50.160.29.63°kVA
pf:l }jsz:lo_'_]()kVA })totalz\/?ﬂ/line ||Ih-ne]COSHf — ]Stotal |=\/§]I/linelx|llinel
Load 3 Quotat =\3Wiine | L |$i0 6, |8, =29.63°
| S5 |=12kVA . P, =9.6kW pf =0.869 lagging
pf =08 10, |=7.2kVA 11, [=139.23(A)rms

leading pf = capacitive .. §; =9.6— j7.2kVA

Continued ...
<] > [GrAT >




LEARNING EXAMPLE | If the line impedances are Z,,,, =0.05+ j0.02Q
continued .... determine line voltages and power factor at the source

> aorA [m & inductive

~ >
cor ¢ Re
borB 0
capacitive
| 1,,, |[=139.23(A)rms
. 53264
Sline =3X (Zlinelline )Iline =3X Zline l Iline |2 I/line _ \/§X13913 - 22087(V)rms

S}, =2908+ j1163(VA)

= = c058(29.17°) = 0. :
Siond tora) = 43.6+ j24.8kVA =50.160.£29.63°kVA pf =cos; =cos(29.17°) = 0.873lagging

S ource tota] = 46.508+ j25.963 = 53.264./29.17°kV A

lStotal |=\/§|I/line |X|Iline |
0,=29.17°

<] [> [GrAT >




| A'Y -Y balanced three-phase circuit has a line voltage of
LEARNING EXTENSION
208-Vrms. The total real power absorbed by the load is 12kW

at pf=0.8 lagging. Determine the per-phase impedance

of the load
i aor A
. _ ¥ /6 IV, [=+/3] s Impedance angle
Vpld HA = thase +30°
o ) Line-phase voltage
W p=N3 1"‘"." I+ 307 H ] ]
relationship Viine
\) Total — 3% Vphase x1 phase
bor B corc §=p+jo Power factor angle
P =S |cost, 14’
208 _ . line
=V ppase I= 5- 120(V )rms Q=S |sinb
pf =cosb;
V.Y V. P 2
Stotal = 3I/phase X[ phise J = 3X| Pf"se | | hasel— 3X| Vphase | =2.88C
Zz phase Zz phase AEEE | S total |
pf =0.8=cosf, =6, =36.87° J\
/- Z oo =2.882£36.87°Q

S gt [= 1200 = 1 5KV A
pf

<] > [GrAT >




LEARNING EXTENSION

and source
a 010 1, 100 j4 0
VA A AR VAAAS
é) 208/0°V rms
e 0.1 0 o1 B 100 4 Q |
N (D) A et
C’D 208/ =120° V rms
0.1 02 jo.1 0 10 ) 40
— WA AAAS— AAAS _208/-30°V rms
L { \|'_:,
2 2 2 .
S, :3XVANIZA :3><]VfN ] = 3><|118..57] = 3><|118.527] (£O+]4)
phase 10_.]4 10° +4
2 2 2 s
S :3XVanI:A _3x |*Van | = 3><|12(.)] = 3% (120 2(10.1+]24.1)
total phase 101_]41 (101) +(41)
= L0 6300 ,
10.1+ j4.1 S1oaq =3%(1,212.0 + j484.8)
Vo 2120027 118570V ems  Ssowree =3%(1224.1+ j496)
- 10.90
KIgL=

Determine real, reactive and complex power at both load

Analyze one phase

Source is Delta connected.
Convert to equivalent Y

) I{,_1[}‘]£-1 ]OIQ A
T I

10/;23
O m

4 ”;

(b}

]
N

GEAUX »




LEARNING EXTENSION | A 480-V rms line feeds two balanced 3-phase loads.

The loads are rated

Load 1: 5kVA at 0.8 pf lagging
Load 2: 10kVA at 0.9 pf lagging.

Determine the magnitude of the line current from the 408-V rms source

|S1|=5kVA=%:>PI:4kW

0= S, -P* =3.0kVA
pf lagging = S, =4+ j3kVA

S, |=10kVA=%:>P=9kW

0, =1|S, > —P} =4.36kVA
S, =9+ j4.36kVA

S, =13+ j7.36kVA

| S total |

S=P+jO

P =[S ]|cosb,

Q=|S|sint9f

pf=cost9f

Sotar =81 T,

Prorar = \/37|I/line | i | COSO f
Qrotar = @Vﬁne | Zjie |S106 f
| Sorar |7 V3 | Viine | Liine |

14,939

1. |=
| fine | \/§X| I/line

| 706.68

=21.14(A)rms

<] [ [GrAT >




POWER FACTOR CORRECTION

Similar to single phase case.
Use capacitors to increase the

| power factor
o . |
Balanced | b Balanced Keep clear about total/phase
three-phase >, ' load power, line/phase voltages
source Low pf
- 1 -1
) -

¢  lagging

Neutral

S old

pf()ld AQ = Qnew - Qold
P, } Reactive Power to be added

= Qe To use capacitors this value
should be negative

__ 2 S=P+j
Oper capacitor =~ @ CV PS| JQQ pf =cosf, = sind =/1- pf* tan @ =L
= COS 2
The voltage depends on how f% 0=Ptan6, 1-pf

. =S sinH
the capacitors are connected @ =/ S [sin6, lagging = 0 >0

pf =cosf;
<1 & [GrAT >
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"LEARNING EXAMPLE | f =60Hz, | Viine |=34.5kV rms. Required pf =0.94leading

!

Balanced
Balanced b L . load
three-phase -’ 24 MVA
source (.78 power
¢ factor lagging
:} :} L 4 1CLC ]::'t" E—

Neutral

P, =18.72MW
1=, =—6.8MVA
S=P+jO DPf e =0.94leading
P S|cost, AQ=—6.8-15.02=—21.82MVA
Q=S |sin QfFQ = Ptan ef Qper capacitor — —T7.273MVA
__pf _ |
pf=cosf, tant,= W Y —connection = ¥, pacitor = —3\%5 kV rms
lagging = Q,,, >0 32
: _7273%100 =27x60x C x| 2+2X10
pf =cosf, =>sinf, =+/1- pf~ =0.626 J3

10, |=15.02MVA C=48.6uF

P, =18.72MW
<] [> [GrAT >




"LEARNING EXAMPLE | f =60Hz, | Viine |=34.5kV rms. Required pf =0.90lagging

!

Balanced
Balanced b L . load
three-phase -’ 24 MVA
source (.78 power
¢ factor lagging
:} :} L 4 1CLC ]::'t" E—

Neutral

P, =18.72MW
=0, =-9.06TMVA
S=P+jO Pfe =0.90lagging
P=|S|cost, AQ =9.067-15.02=-5.953MVA
0 =| S |sin ef%Q = Ptand, OQper capacitor = —1.984MVA
__pf _ |

pf=cosf, tant,= W Y —connection = ¥, pacitor = —3\%5 kV rms

lagging = Q,,, >0 3\?

2 _1.984x10° = —27x60x C x| 242X 10

pf =cosf, =>sinf, =+/1- pf~ =0.626 J3

|Qold |:1502MVA C=1326ﬂF
P, =18.72MW

<] [> [GrAT >




I LEARNING EXAMPLE | MEASURING POWER FLOW Which circuit is the source and
| what is the average power supplied?

Phase differences
determine direction
of power flow!

Y Determine the current

I
l | flowing. Convert line
voltages to phase voltages

Sy, =~/3x12x0.2703.£(-25+180.93)° MV A
Sy =—/3x12x0.2703£(-30+180.93)° MV A

— 1 0) 20 y —
/ _\III” I + VWA ) Ny — ,f'rfj
‘ v = 12£0°kV rms| i E 12150]{[/”@?

| "ﬂsiamf b AN AMAA \ System |

ll X | 1 ) 20
[ WA A .
\ \ 10 20 |

k Iii fl ] ,-|III

a fon
> ViAA YY"
N 1 Q) 20 .
V.. l.l [ =307 kV rms Vs I_: 259 LV rms
V3 ! V3
1 __,'"_'lp" __________
Equivalent 1-phase circuit
12000 12000
Z—-30°—
Van=Van _ B 3
“T 142 1+ 2 P, =-5.13MW
=49IM
I,,=270.30/—180.93(A)rms Py =4.91MW
P, =—(Py+P,) System Y is the source
[l [>

S=P+jO
P =§|cosb,

GEAUX »




CAPACITOR SPECIFICATIONS

Capacitors for power factor correction are normally specified in VARs
2
| Qper capacitor =oCV
The voltage and frequency must be given in order to know the capacitance
Assume 60 Hz unless other value is given.

LEARNING EXAMPLE

Choices available

For pf =0.94 leading one needs Capacity | Rated Voltage (kV) | Rated Q (Mvar)
C=48.6uF : 10 4
2 50 25
- ' 3 20 7.5
Balanced
Balanced b L _ load 4 106
three-phase J 24 MVA
smni'cc ) L U-?HlPUW?T Cl = X N = 1061,UF
3 ‘E —L factor lagging 27[X60X(10X10 )
7 CAR 25%10°
= =26.53uF
e T T 2% 60%(50x10°) 3
Vine =34.5KV =V, 0, =19.9KkV 6
N P
Capacitor 1 is not rated at high enough 2rx60x(20x107)

voltage!
Capacitor 3 is the best alternative

<1 [ [GrAT >




LEARNING BY DESIGN

, #4ACSR wire rated at 170 A rms Proposed new store
Balanced 4 . .
three-phase | b . . 1. Is the wire suitable?
source o
13.8kV :
2. What capacitance
would be required to
have a composite
Store #1 Store #2 Store #3 pf =0.92 lagging
700 kKVA 1000 KVA 800 kVA ]
pf = 0.8 lagging pf = 0.5 lagging pi = 0.9 lagging | Capacitors are to be

Y - connected
S, =700£36.9° S, =1000Z£60°kVA §; =800L25.8°kVA Sy =88, +8;

=560+ j420kVA =500+ j866kVA =720+ j349kVA §=P+jO
S, .. =1780+ jl635kVA=2417,42.57°kVA P=[S|cost,
6 Q= §|sinb,
| Ljie |= Soa | = 241710 ;=101.14rms  Wire is OK
BxV,,, 3x13.8x10 pf =cost;
Pold } N Qnew: Ptan Hf(new) =758 28kV A STotal =3 ><I/phase X Iphase
pfnew =+/3 ><I/line x1 l*ine
A0=0,,, -0, =-876.72kVA
Polyphase
| Qper copactor FOCV™ | 876.72x10°/3) 155 °lyp

138KV

3
vy, =38 oa60x(13.8x10°) /3
phase T /3 <] [




