1/27/2020

ECE330: Power Circuits & Electromechanics
Lecture 3. Power Factor Correction

Prof. Richard Y. Zhang
Univ. of lllinois at Urbana-Champaign

Schedule

Ready for HW1
* Mon 1/27: Power factor correction

* Wed 1/29: Quiz 1 + Review

» Fri 1/31: Three-phase power

ryz@illinois.edu
Important Important
Last time: Reactance and impedance Last time: Complex power
_ 7 ‘Imaginary Ohm's law Phasors Waves
K x V= (4 X)1I Vims = V40, V] Eguivalence v(t) = V2V cos(wt + 6,) V]
J I1=V/(X) Irms = 1£0; [A] i) = V2T cos(wt + 0;) [A]
— ‘ product ; product
v d *Complex Ohm's aw" Complex Power [VA]  Instantaneous Power [W]
_ If = EI_ S = Vrmsf:ms p(t) = VI [cos(2wt + 0, + 0;)
I — V/Z +CUS(9;‘—61)]

Impedance [Q] Z: R—'r—jX Reactance [Q]

(Complex number) (Real number)

Reactance = Im{ Impedance }

‘ real part ‘ average

Realfoweir* [W] Equal Average Power [W]
P =Re{V ol s} t==b (p(t)} = VIcos(l, — 6;)

Simple complex arithmetic Complicated trig ids & integrals

rms

) ) Important
Last Time: Power Triangle

S=P+jQ=5«
+ JQ ¢ Complex Power [VA]
Reactive Power [VAR] Imag S_V Ti

Q _ IH] {Vrn“y?:.”ls} Q 444444444444444444444444
Apparent Power [VA]

S =18
o —0;
Power Factor [Dimensionless] |
. Real
cosp = P/S P

Real Power [W]

¢ >0 Lagging =
P = Re {V’r-rrwlrm.-f}

¢ < () Leading

Today: Reactive power and power factor

9999 Wha_t is th_e
e relationship
N\ Q Imag between Q

and X?

S, P
¢ all Real
eal
P
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Goal: Improve the power factor

Imag

Real

Which one is “improved”?
(Why does it matter?)

Today

» Reactance and reactive power
» Power factor correction
* Example problem

“‘why?”

“how?”

Reactance and reactive power

Current lags voltage

— - It
I - Complex ! N current /-
Vv I =148, Ohm’s law
iX V= (X)(I4£0) = (X£90°)(1£0) L \?é\/
= IX L6+ 90°) i \/ \
S=VI = (IX£(0+90°)(1£0)* Xp =+wk instantaneous power
2 Current leads voltage
=I*XAL0+90°—0) = I’°X£90° voltage current
V2 Think P = 2R _—<_
2 _ n
=0+jI°X 0+JY from ECE 210
Reactive 12 . 2 - N\ /
power law Q—I X—V /X Xc?=—l N_" N
wC instantaneous power
9 10
Important X)(I Q=1X /\ Extreme warning!! Direction of current!!
T Im T Im v Im
b
oo 222, @0 777
e
_ L N T Re B L Re
1% T
Xp = 4wl Current lags voltage Reactive power Xp=+wL Current lags voltage Reactive power
(Lagging PF) consumed (Lagging PF) consumed
Im T Im
. d Im .
v _ | Re 14 Re
Parali
Re Q<0 A c ! 2?7 Re e |77
—1 Current leads voltage Reactive power V -1 Current leads voltage Reactive power
G (Leading PF) supplied XCT E Leading PF) supplied .
11 12
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Impedance and complex power

I =1£0°

@ = IR+ jIX
S=VI =R+ jIX)-1I

Z=R+jX — I’R+jI’X

Impedance load: Z angle = PF angle

Important

V=ZI=(R+jX)-I

Q=

P =R

Today

» Power factor correction
* Example problem

14

13

Constraints

imi Constraints
Apparent power limit .~ Loutl voltage = 100 V Voltage headroom - Source voltage = 110V
« Wirerating =10 A « Load voltage = 100V
+ * Revenue: 20c per kWh + 6_660 + « Revenue: 20c per kWh
10 A Just thted erg 100V Skipping to lecture 26
. magnitude .
source lightbulb  \/| = S o source U light bulb A
100 V : = 110V : P ——cos¢
P+ij0 = (P2 + Q)12 P+]j0 X
- - Light Motor
1kva 2 Motor sesihr
o $14h + SEE +
Light i
motor = g0 \;\_" r(e) % ]r-r(l)(g)ttx
source P+ JQ source J C
100 V b= 110 V P+ijQ
_ Fine the motor P_: Q Fine the motor
for poor PF! for poor PF!
15 16
) Important
Goal: Improve the power factor Power factor correction
. Worse P+ jQoua QualiMag_ . T
_LQcap cha.p
1 Cnew £
Which one is better? ; :' Snew
Which one is better? Better = .
) Sod = P+ jQona P Real
Why is P unchanged? Best _
——— Real Snvw =P+ j(QUld + QL‘i\p) Requires conservation of
complex power
Qeap = Qnew — Qoa <0 (Pai Sec 2.4)

Better*

Holy grail: Unity power factor (PF = 1)

Report as: Add |Q.,,| VARs of capacitance

18
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Today

» Example problem

Conservation laws

— - - s Conservation of
Tiow 11 1o V= 2445 M complex power
T, = - a5 W S =VI,

i

_ V2 = (\/i{.trf‘;( ! aﬁ@)
— To = V24 — 45° [A] V2
V _ . —140° =14 05
Whatis S ¢ = VItot? [

8y = Vi,
Aside: Conservation of current — "
= (Va1457) (vz/ - 4s°)

I =05+ 0.5
-1 1 =2490° = 0 +2j
gl‘nl = erm

St =81+ 8, =1+2j
Unit: Volt-Amps [VA]

= (14 j71)(1.5 + j0.5)
= (1.5 - 0.5) +j(1.5+0.5)

19
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PF correction How much capacitance
7. ol Tl T, V =v2445° M to improve to unity?
1 2 VARSs of capacitance

= ﬁ“{‘mw Al (-2 VAR of reactive load)

D T, = V24 — 45° [oy How much capacitance

1’s _ to improve PF to 0.95?
P

¢ = +cos 1(0.95),
Quew = Ptang = 0.329.
P/|Snew| = coso
PP+ Qe = [ Snew”

S =81+8=1+2j
Unit: Volt-Amps [VA]

What is the power factor?

cosh = Reis} _ 1 O — \.‘" P

S| V12 4+ 22 [ cos? ¢

22 (.447 lagging

_pz

| 2 — (.329 = 1.671 VARs |

10-20% cost savings

Reduction in line current
T.,m, :Tl fg V =245 v Line current
5-VT
N 1Sl =V

VvV
Seid = 1+ 27 [VA]  (F=04471ag)
Snew = 14+ 0.3295 [VA] ¢r=o0951a0

gnnity =1+05 |\/PA| (PF=1)
Toa =[Sl /[V] ~ 1.581 [A] 0.837 A

Trew = |Snew|/|V] & 0.7443 [A
Ine I_e\/l_l | l)-0.037A
[unjty = |Slmity‘/‘v‘ ~ (0.7071 IA] -
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Schedule

Ready for HW1

* Wed 1/29: Quiz 1 + Review
» Fri 1/31: Three-phase power
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