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ECL 4340

POWER SYSTEMS

LECTURE 2
REACTIVE COMPENSATION, POWER FACTOR
CORRECTION, THREE-PHASE CIRCUITS

[uny

¢ Please read Chapters 1 and 2

¢ HW 1; Project 1:— due Wednesday 9/1, in Canvas
- in-class quiz, randomly administered

- For Project, you need to use the PowerWorld Software.
You can download the software and cases at the link
below; get version 19 (August 6, 2018)
http://www.powerworld.com/gloveroberbyesarma.asp
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First solve basic circuit:
[ = 2000020°V _ 460 00 Amps
100£0°Q
V= 40000£0°+(5+ j40) 400£0°
= 42000+ ;16000 = 44.9.220.8° kV
S = VI =44.9k/20.8°x400£0°
= 17.98£20.8° MVA =16.8+ 6.4 MVA
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Now add additional reactive power load & resolve;

Zioad = 10.7£45°  pf =0.7 lagging

I = 564/£—-45° Amps

V = 59.7/13.6°kV

S = 33.7/£58.6° MVA =17.6+ j28.8 MVA

N

17.6 MW 16.0 MW
28.8 MVR -16.0 MVR
—T—— 59.7kv 40.0kV —T—
[
17.6 MW 16.0 MW
28.8MVR @ 16.0 MVR
/ R Arrows are
Transmission lines used to
Generators are are shown as a

shown as circles  gingle line

Power system components are usually shown as
“one-line diagrams.” Previous circuit redrawn

show loads
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Key idea of reactive compensation is to supply reactive
power locally. In the previous example this can
be done by adding a 16 Mvar capacitor at the load.

16.8 MW 16.0 MW
6.4 MVR 0.0 MVR
———  aa94kv 40.0kV
16.8 MW 16.0MW T
6.4 MVR : ,‘: 16.0 MVR
16.0 MVR

Compensated circuit is identical to the first example
with just real power load.
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© Reactive compensation decreased the line flow
from 564 Amps to 400 Amps. Advantages:

< Lines losses, which are equal to >R decrease

< Lower current allows utility to use small wires, or
alternatively, supply more load over the same wires

< Voltage drop on the line is less

o Reactive compensation is used extensively by
utilities

® Capacitors can be used to “correct” a load’s
power factor to an arbitrary value.
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Assume we have 100 kVA load with pf=0.8 lagging,
and would like to correct the pf* to 0.95 lagging

S = 80+ ;60 kVA ¢ = cos'0.8 = 36.9°
pf of 0.95 requires @ygieq = cos™10.95=18.2°
Snew =80+ J(60 - Qcap)

60 - Qcap

=tanl82° = 60-0Q,, =263 kvar

Oup =337 kvar

0o
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© A balanced 3 phase (¢) system has

% three voltage sources with equal magnitude, but with an
angle shift of 120°

< equal loads on each phase

% equal impedance on the lines connecting the generators
to the loads

© Bulk power systems are almost exclusively 3¢

Single phase is used primarily only in low voltage,

low power settings, such as residential and some
commercial

A Hrephase (3¢) cireuid (3«
Cireedt wik  AAree Volfape
(or cwrent) Sources:
For bedanacl 3P coreails,
3 /w(/g,u dre’ & Jn
magaiitade, b’ shiffed Zy
120° In phase asnplen
= .
Ean=/00 /0

Cpp=lv0 /20" =(00 [t249
Epy =000 [f-240 =100 Ji12

an operator X bo yefate (SUfC)HMe phasors

° 126"
@« a= ) L2° =&
et
. =~z =z
{20 J240
1 wole: a’=a.a =€ =1/
3 2

TRws, se Meephase volfage canle 44/47‘“( aat

Eop= A Epn

2
Epp = A7 Ean

Positive Seguence Megative Seguence
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Returning o #a 3¢ civeail, s cument Ayouph eac/\,/fn,L
can e W“ﬂ"’( ae |

A:i, Vel | l o -3 fm0 =z,

o e 124
2= G o |6 LT\ fro—pet -7, [
o 3le 1
T= fo o G2 5 fo—2d o1, fowe” |
2y [EXVES |
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Thus, for balanad sonrce and Ha load ( Y comected))
HKe cament e dlro  balanced / ‘
Nole Hat #eo cawesd jn #e
eutral (ine /s

Tp=To+I,tI. =0
Sfor balanad 34 eirenlt.
Sine e caprent s 3er— %
potentia] belween "7t w W
Ao alre zess, 7Z¢nﬁr¢,
coe can emmve' s neuprwl
line, and yet #% civenlt
remains R same Jn cyem/‘far-,

14

Since weoe monr Fnovo )‘{d/‘ 7‘6 cuwest <2 balancd, wem/;
need o comple phace =0 cupent arol sen rofate G
b

Frnd  phaady" and phae LN carents. Tug, ae cam.
;/7?/} w2e e Single - phice z;u;m/em‘: |
|
a —— A l
+ Cautiont  Offen #e neatral |
= ‘?Y line has Sone Jr lonce
o (contel e Lorge for |
—ﬂ W sroend ) “But yew

_shotld ot inelvcle A neutral.
line /mpedlance in /Re [P~
43u;‘u4/e4;{ cirenil.

zuA/Z
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Can transmit more power for the same amount of
wire (twice as much as single phase)

Torque produced by 3¢ machines is constant

Three-phase machines use less material for the
same power rating

Three-phase machines start more easily than single
phase machines

© There are two ways to connect 3¢ systems
< Wye (Y)
« Delta (A)

Wye Connection Voltages @
Vo = V|Ze® Yan
Vin = PlZao-1200 N N@y
V., = V|Za°+120° < -
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Line-Tto-line wollspes:  Normally, e prefer bo var A
Vollages befueen Lires rafy fan 7%e valfsses befucen
Linal  and Ao neutyal. (Eorier o accen’).

NP

AR i

Eap = Ean = En
= G A an
=(/—a") Ean
(-4 5D) & |
=& +/ L) Ean
=(V3 £397) Ean
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%/f,‘(f,‘,.,of"/':: A‘Q ;ynr:rez«;f
Eap = Ean ~Ebn
= G @ Can
=(/1—a%) Ean
(/=4 D) &
=(Z +)E) Ean

=(V3 £39) &an

Similerly, &4, =€y, — Ecn = (VF L35) €4y
Eea = Ecn— Ean =T L38) Ecn
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Thus, e conclud Ket e Line-to-Lina wvollages, o |
Ean Simply Lire voktages , are also balarad ] ard are

i VT Lines Ko Lineto- neutral vltspes ond Liad by 36"

THe phasor dinprom shve can fe rearran b Aave
e e it e e

< Wote e ‘clockuse rotation
Ao Verfices abe
Indicates e pasitive

& :ea«ma . \ tewsever,
Mele! Gy+E A€ =0 Cat & +Ec= O
b Sim of e 4»/72;« o R S SR pafanad vilfages.

alueys ezacl o Srrv—
(aden for unkalanise care!)
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o Define voltage-across/current-through a device to
be phase voltage/current

o Define voltage-across/current-through a line to be
line voltage/current

jr

VLine = \/3 VPhase 1£30°= \/3 VPhase e

ILine = IPhase

S3¢ =3 VPhase IPhase

21
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: ioler — comect
A - comected toscle: f::;ff AP comed
4 »m,.«d-«{ ( Leltan connedal)
Aoad, (.e., SAree ilentical
Impedance. Zu i commecled
A

Then , #a courvents in each
Impedarce ( A-fosd cument)

are:

Zag= é;:

Tye= S = Ghops
Lea = %f‘ = f‘%—:/—_w"’:

Sina 3¢ sowrce volfiges ave balanad | &= cuanents are
Uiss balincedd . Besules #Ka A curionts, we alio el
o Fnow M Lre cupents ( Ta, Ty, IC)) ohich can be
Aeferminad by SR KCL. For example, ‘at mode 4,

Ipo= Lyp —Lepy = Zyp- alyg = (1-a) Iye

Ze. (/= (-4 %D) e
=F ) B (5 ) T
Srmilerly,
B= TgemTag = () Te
T = Top-Ipcm (FL59)Ten

Tn = Iap ~Icp = Iyg~ alyg = (1-a) Iy

e ()= (£ D) Ty
=2 5 Zs =(5L3) I
Smilarly,
T Ty Tpp = (FE9) T |
T =Tep Ipem (FL2)Ten |

Tea

THus, we conclade Hut e Line cunerts are alro balanced, and
ave JF Cmes e A-canents (o pham comesds) and Lage by 30",
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Sam of Li 00 a o a
st o
cee ! {,«5/ z ) I‘

Awsever, ;
Tup + Zpct Lea =0 on/g/‘(rr balanceck caze . NA/}Z

o Define voltage-across/current-through a device to
be phase voltage/current

o Define voltage-across/current-through a line to be
line voltage/current

jr
ILine = \/g ]Phase 1£-30°= \/g IPhase e

VLine = VPhase

S3¢ =3 VPhase I Phase

Assume a A-connected load is supplied from a 3¢
13.8 kV (L-L) source with Z = 100£20° Q

(o= O Vas138L0°k
\ 1 V. =13.82-120°kV
M £

V., =13.82120°kV

_13.8£0°kV

- —138/-20°
= 100.,20° Q) amps

I, =13824-140° amps 1., =1382100° amps|
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1, =1,—-1.,=1382-20°-138.100°
= 239/-50° amps

I, = 239/-170°amps I, =239/70° amps

S = 3x Vablzb =3x13.820°kV x138220° amps
= 5.7/20° MVA

= 537+ j1.95 MVA
pf = c0s20°=0.94 lagging

To simplify analysis of balanced 3¢ systems:

1) A-connected loads can be replaced by

Y-connected loads with Zy, = gZ A

2) A-connected sources can be replaced by
V,

Line

V32300

Y-connected sources with V.

|
Ln aie Aave A Leod, 7E

can be modeled ae
egcivalert N Loack, 5o Het:
wE can orvk Wik & ingle-
phase zAm.‘m(/od' cireuits

T ‘o cirewl are eguivdel
when 72 Lire eapve ”(o(
Yo rame for o sicen wpplie

vollage /(G:Q/zféa 7?:”7: als),

LY Cowerriont

In & Lok, e Lire conead Js |
Tym V5 Lag (2 < 03( ) L0 ‘
|

Zn Y Aoael,
= G o Eppds3e )
In a2y
Sguading Ha two cuwerdy, we Aave Zy= Za

3
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