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AC Power Transfer

v' 11.5 Complex Power
v' 11.6 Power factor

v 11.8 Maximum Power Transfer Theorem



Example 11.5-1 0 (]D +

v (1) R
* Suppose thati(t) = 1.25 cos (5t — 15°). ;
* Find the followings : source load

1) Complex power delivered by the source to the load
when R=20Q and L = 3H.

2) Values of R & L when source delivers 11.72 +j11.72 VA to the load



Example 11.5-1

* Suppose thati(t) = 1.25 cos (5t — 15°)




Example 11.5-2

* Suppose that:
* v(t) = 24 cos(5t+ 30°)
* Complex power that load A receives S, =9.216 + 6.912 VA
* Impedance of load B, Z, = 42.426.245° Q

* Determine the followings :

1) Complex power delivered by source to the parallel load
2) Equivalent impedance of the parallel load
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Conservation of Complex Power

 Complex power is conserved:

Vi,
k=0
>, 5
all
elements

where V, and |, must adhere to the passive convention so that V| */2 is he
complex power received = V.|, */2 of sources supplying power is negative.

e Alternative expression :
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elements



Conservation of Average/Reactive Power

e Conservation of the complex power implies that

Vka Vka

Zall Elements ) =0 Zall Elements ) =0

* In other words, average power and reactive power are both conserved.



R=10Q L =20mH

U|_(l‘)

Example 11.5-3

+
UR(I)
+

v (1) ve(?) TC= 100 uF

* Verify that complex power is
conserved in the circuit

* v, =100 cos (1000t) V.

i(1)




Example 11.5-3

v (t)(

R=10Q L =20 mH
_/\/\/\/_fWY\_

UR(t) UL(t)

—=C = 100 uF

) q UC(I) =




Example 11.5-4

* How about average power?

v (t)(

R=10Q L =20 mH
_/\/\/\/_K'YW\_

UR(f) UL(t)

- C = ].OO[JF

> q UC(I) =




T y i) = Iy cos (ot + 6))

+
v(t) =V, cos (ot + 0y)
* Recall that the average power absorbed by -

the shown element: l

Power Factor

and the apparent power is

* The ratio of the average power to the apparent power is called power
factor (pf), which means

power factor, pf = cos (6,-6,)
* The average power is expressed as
Vol

P
2

pf



Leading & Lagging in Power Factor

e Cosine function is even function, which means
cos (6,-6,) = cos (6,-6,)

 pf=0.8? =»You cannot determine (6,-6,) uniquely. As cos(36.87°) =
cos(-36.87°), 6,6, = 36.87 or — 36.87.

* Thus, pfis labelled with lagging or leading.
6,-6,> 0 : Lagging
0,-6,<0: Leading

* For example, 0.8 leading / 0.8 lagging.



Model for Power Plant Supplying a
Customer Electric Load

* Model representation of time/frequency domain

R, L,
3 ) R

dVAVAY 0

v () = A cos ot (_) v(?) L V(o) =A/0° (i) V(o) =V, /6y JoL

o—AN—Y YN O 0 AN—YTYN O
R, Ly R, Ly
= = . Jo —

Power plant Transmission line  Customer’s load Power plant Transmission line  Customer’s load

* Power plant supplies:

=» Should be mlnlmlzed



How to Minimize P, ,\g?

Rl - Ll
i St |
* R, L, V., P:typically given. 2 2 R
12 L1y Vi Yp Y8 VWA o A,
* Impedance of line: <> @) = 1. /6,
, V(o) =A/0°( 7 Vi) =V,/0y < joL
Z nelw) =Ry +jwl, )
—NW—"—o
* Average power absorbed by line: Ry ja)?l
2

I 12,
= — = — Power plant
PLng = 5 Re(Z ) = 5 R, p

* P e Can be expressed with P, V_ as

P \2
PLINE=2(V_pf) R,

Transmission line

Customer’s load



How to Control pf to Minimize P \g?

* pf =cos (6,-8,) should maximized to minimize PLINE while P, V_, R, is
fixed. How can you modify pf? What is the meaning of pf = 1 (the max.)?

P \2
Pling = z(m) R1
 Compensating load impedance to modify pf as feasible.

joL » V() = A/0° CD

L tl\ !
Ve X L N 7
. 1 Vmaaaa--
Ry JO —
2 2
Power plant Transiission lims  Custorner’s load Power plant Transmission line Customer’s load

* Correcting power factor: pf = pfc (= corrected pf, pfc = cos6. )



Example 11.6-1

* 1st load : 50kW resistive heating.
« 2" ]oad : Motors operating 0.86 lagging pf, The motors’ load = 100 kVA.
* Power is supplied to the plant at 10,000 volts rms.

=>» Determine the total current flowing from the utility’s lines to the
customer’s load and the its overall power factor.

R L
2 2
M T | l 1
_ i(1) — S| =100 kVA
bs(t) = ) V,..=10ky [ P=20 KW 086
A COSmt \T pf= lagging
Lo~ AAN—Y Y Y \—g l [
R L
2 2

Power plant  Transmission line Customer’s load



Example 11.6-1

-0—’\/\/\/:/WY\—$ T l l 1
_ i) B S| =100 kVA
A”s") = 1) Vine = 10KV | £ f5=0 W11 pr=0.86
_O_/\/v\/_er\_g [
R £
2 2

Power plant  Transmission line ~ Customer’s load




Example 11.6-3

* Voltage source v (t) = 7.28 cos (4t + 77°) V.
* Voltage across the inductor v _(t) = 4.254 cos (4t + 311°) V.

3D + Vrlo) -

o0 () 054H v:m Vo (G 21623V,

()

* Find the followings:

1) Average power supplied by the voltage source

2) Average power received by the resistor

3) Average power received by the inductor

4) Power factor of the impedance of RL series connection.
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Example 11.6-3



Review on AC Power

v(t) =V_cos(wt+O,) Whatif8,=06,? = Z=R
+ -

— Whatif 8,26, = Z=R+jX

>

i(t) =1_cos(wt+0,)

Average power =» (Integral of instantaneous power over T) x 1/T

P= TlfOT V| cos (wt+0,) cos (wt+6,)dt =% cos (8,~ 6))

Complex power
S= VxI*2 = Vnilm cos (6,- 6,) +J Vinlm sin (6,-6,) =P +jQ

2
* Apparent Power? =|S| Power factor? = P/|S| = cos(6,~ 6,) = cos(«£S)
* pf<lisdueto®, #6, <8
=» Because Z has reactance! (i.e., Im(Z)#0) + pf=?
> £Z=£(V/l) = 6,~ 6, Vin£8y

=> pf = cos(«£Z) i



Motivation for Minimizing P, e

* Considering transmission line R/2  L/2 1.4
_ I _ I | v
PLINE Y Re(ZLINE) Y Rl Supplier CI-) V.20, Customer’s
2 - m Load Z
= 2( P ) Rl —’\/\/\/—‘Ym_—l consumes P
V.pf S R,/2 L,/2 > pf=?
=>» pf =1 for minimizing P ¢ - cossZ
* Correcting pf! R/2 L2
=>»How should we determine Z.? —VW—"MN—yp
Before correction, Z = pf = cos«Z C‘D Z. Z
After correction, z//Z. = pfc =cos«2//Z, "AAA (YL ]

* How Z. should be to make pfc = target?
=>» Let’s look into this!



Compensating
Impedance

How Z. should be

to make pfc = pfc ;e ?

o ][

As we don’t want additional load absorbs average power,

Compensating impedance Z. = R + jX¢ = jXc

Impedance of the parallel combination Z,=2//Zc is

yAA .
Zp= 7o == Re+ X = 2,28,

Power factor of the new combination is

X
pfc = cos 0p = cos <tan_1 —P)
Rp

To calculate Ry, and X, :

_7Z, _ (R+jX)jX, _ RXZ+jIR*X +(X +X)XX]
P™ z42C  (R+jX)+jXc R*+(X+X_)?
(--m===sm=-- (-o=mmmm=m—===-=f ,
_ 1 RXZ | JgRZXC+(XC+X)XXC: => How X, should be
el |
\R%+(X+X)?) L _RP+(X+X)?_ ! to make pfe = pfey, ge?



Deriving Xc

Recall that

X
— — —-1 4P
pfCyyger = COS Op = COS (tan RP>

Inserting determined X; and R,

_1 R2+(XC+X)X)

pfc = COS (tan
RX,

target
* Or we can we write
_ R*+X?
C R tan{cos_l(pfctarget)} —X

Note that X. may be positive or negative, depending on the target pfc
and the original R and X of the load.

tan{cos‘l(pfctarget)} will be positive if pfc is specified as lagging, and
negative if pfc is specified as leading.



Xc with Inductive Customer Load

 When the customer load is inductive, that is R + jX (X>0), we will need
a capacitive impedance Z.

—j .
1o =——=jX
C= o JAC
: . R*+X?
With combining X = R tan{cos—1(pf crargen)] X’

R*+X?
R tan{cos_l(pfctarget)} —X

X—R tan{cos ™ (pfctarget)} X—R tan @ Rtan © —Rtan 0,
U)C - — P =
R*+X? R2+ X2 R*+X?

R
CR24X

-1/wC =

wC

> (tan 0 — tan Op)



Transmission
A line current ~ T
Example 11.6-2 .. [*7 .

COMPANY Yl - terminals impedance
generator i
+ Load Z =100 +j100 Q. o $ .

* Source operates at the frequency w = 377 rad/s.

* Find the parallel capacitance required to correct pf to (a) 0.95 lagging
and (b) 1.0.



Maximum Power Transfer in Resistive
Network

: R
* What value RL should have to achieve the t
maximum power transfer condition, when VVV CT»
R, and v, are given?
. e s C*) R
* Isn’t it RL = 0? or infinite? = L
* Power absorbed in R is O
_ Vs 2R
P=\Re+R)
T
* Finding dT?’
: dp (R, +RL)>—2(R,+ RL)R,
dr, ' (R, + Rt)*

The derivative is zero when

(R: + RL)2 —2(Re+ R )R, =0



Power vs. R;

Pmax




Maximum Power Transfer in AC Circuit

* The average power delivered to the load is . R
12 i el
P= 7’”RL |
.. ')
* The phasor current | is given by ’
| = Vt — Vt O
Z+Z Rt+th+RL+jXL
* The average power is
P — @ — |Vt|2RL/2
2 L (RAR)*(X,+X1)
, . : : [VtI’R, /2
* We wish to maximize P. First, we can pick X =-X,, then P = RIR)’
TR

=> P is minimized when R = R, if we recall resistive case.

* Consequently, the maximum power transfer condition is
Z =R —jX,=Z*




Example 11.8-1

* Find the load impedance that transfers
the maximum power to the load and
determine the maximum power.

10/0° v<i>




