ECEN 460 handout for Jan 16, 2024
Class 1: Three-Phase AC Power Calculations — Selected Solutions

Homework #1 due Tuesday, Jan 23rd
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For more help, read Chapters 1 and 2 in the textbook, view the videos and slides on the website, and

take advantage of office hours of TAs and the instructor.

1. Solutions not given.

2. Solve for I as a phasor using any method. Assuming the frequency is 60 Hz, write the time

signals for V and I.

I

Solve for I as a phasor using any method

Assuming the frequency is 1 kHz, write the

time signals for V and |

T, -V
R
Y
_ VvV Y “
/F—’J Slzvz'l"lk.

T =0.3%3212 uo’ A

8kQ

\ Ilf[’

13.2£110° kv@ 6k0 g §

v(t) = 13.2v2 cos(2m60t + 110°) kV
i(t) = 0.324V2 cos(2m60t 4+ 110°) kV

Find the current phasor | for this 1 kHz
circuit
Impedance of the resistor?

Z=300
Impedance of the capacitor?
1 1

Z=—= = —j530
jwC ~ j2mik-30p !

You can treat impedances just like
complex resistances! The capacitor and
resistor are in parallel

1
30 T 553
vV 80
I = = 15.32280°A

7 091—/5.14

Pz 30 uF
80£0°V @ 300 —=

What would this be as a time function?
What would it be in a lower frequency?
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4,
Solve for the phasor V. for this circuit -
if it is operated at 400 Hz
ZK— —_ yﬁ‘jz’{é{ JL :I 50 0 5 mH
— 2.
&= Y VW10
&= - 21577 s
: .y 500nF |
= = 3572 ~J733f2 J 40230 V(\) — vy
Y0430V A B
P VA e Pty DAY A
< Se—3 33 . ‘_C
7314 =% .
_ . ; ) 56-,135n
l/c“ == Zc:‘— C’Ffﬁlté)(-—j“l TT’) Yol 3 ’
= Y&y 26"
5. Solution not given.
6.
- -
Calculate for the voltage source -\ - ELW _ -
1. Current | z‘ro}-wt: 20 +j 6.1 —3‘."1: 20 ng & 2;.54[.1-'Y»711.’.16 A
2. Complex power S=\s =X= (25172 VA= 617 +)) b7 ,
3. Active power P (120230 ( $ 722105 = & AT
4. Reactive power Q €77 W /\2/(\)/(\1/ .
5. Apparent power [S| (g VA > L
6. Power factor angle 6, I‘f . 120£30%V @ N
- Z,=—jl4
7. Power factor €
0,? 7 Iﬂjjf-\g
.9
1
S Q
Bonus: Can you verify conservation
‘ of both active and reactive power?

& P 77

7. Solutions not given — quite similar to online video.
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8.
We want to find .
(1) The Thevenin equivalent for this
circuit, as shown. W\/ m /\/\/\/
] 0.6 (1 Z, =j0.8 40
(2) The maximum power that could +
be delivered to a load with 5020°V r\) —
impedance Z;,,,4 > Z. = —j20
Zth
+
Ven @ Maximum power transfer
= occurs when Zjp.q = Zen

Vi, = 52.062 — 1.79°V
Zup = 4.65 +j0.81 Q
Sy = 145.69 — j25.47 W

Homework #2 due Tuesday, Jan 30th
Textbook problems:
2.9
KVL: 120£0°=(60£0°)(0.1+ j0.5)+V,,,,
" Py =120.20° = (60.£0°)(0.1+ 0.5)
=114.1-;30.0=117.9£-14.7°V
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2.22
@ ¥%==-= L = : =0.16£-51.34°
(4+5) 6.4251.34°
=(0.1-0.12)S

ik
Z

?:lzizo.ls
Z 10

P=V3(G,+G,)=> V=\/GI fG: =\/(0‘110+08.,) ~70.71V
V3G, =(70.71)'0.1=500 W

VG, =(70.71)" 0.1=500 W

)+0.1=0.2— j0.12

R
I Il

(b) ¥, =¥+, =(0.1- j0.12
=0.233£-30.96°S

I;=VY, =70.71(0.233)=16.48A

2.28
S, =15+ j6.667
5, =3(0.96) - j3[ sin(cos™ 0.96) | = 2.88 — j0.84

S, =15+ 50
Sror =5, +S, + 8, =(32.88+ /5.827)kVA

(i) Let Z be the impedance of a series combination of R and X
7( VJ =E—:, it follows that

Since S=VI"=V| =
z=

% 240)’
o ) s josona
5 (32.88+ /5.827)10°

7 =(1.698+ j0301)Q <

(ii)Let Z be the impedance of a parallel combination of R and X

(240)’
Then =——~ _=17518Q
(32.88)10°

(5.827)10°
~Z=(1.7518]/9.885) Q@ «
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2.43

(a) Transforming the A-connected load into an equivalent Y, the impedance per phase of
the equivalent Y is
5 60745

L ~(20-j15)Q
3 =——y = (20-)15)

12

With the phase voltage V| = JOSJ; =120V taken as a reference, the per-phase equivalent

circuit is shown below:

7 20 A0

V, = 120£0°

2 I
j40 Q
. B T
Total impedance viewed from the input terminals is
(30+740)(20-15)
(30+740)+ (20— 15)
¥ 120£0°
Z 24

Z=2+j4+ =2+ j4422-j4=24Q

I= =5/0°A

The three-phase complex power supplied = S =37, T* =1800 W
P=1800W and QO =0VAR delivered by the sending-end source

(d) The three-phase complex power absorbed by each load is
S, =3V,1 =430 W+ j600 VAR
S, =3V,I; =1200 W- j900 VAR
The three-phase complex power absorbed by the line is
S, =3(R, +jX,)I* =3(2+ j4)(5)* =150 W+ j300 VAR
The sum of load powers and line losses is equal to the power delivered from the supply:
S, +8, +5, =(450+600)+ (1200 j900)+ (150 + j300)
=1800 W+ jO VAR
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2.48

(a)

Q,=20KkVAR

S, =26.93 kKVA 0,=0,+0,
= 14kVAR

Py =8kW /(31.3:‘
P =15kW

36.8° P =P;+P,=23kW

S$;=10kVA @, =-6 kVAR
(b) pf=co0s31.32°=0.854 Lagging

S, 2693x10°
o) I, == 37394
e V3v,  3(480)

(d) Q. =Q, =14x10° VAR =3(V,, )/ X,

3(480)’
= =4937Q
14x10°
() I.=V,/X,=480/4937=9.12A
P, 23x10°

e =

L= _2766A
3y, 3480

6. Solutions not given.



