ECE 3600 3-Phase Examples v
EX. 1 A Y-connected load is connected to 208-V 3-phase. fev 9110714

It draws 1.2kW of power at a power factor of 75%, leading. P3(p:: 1.2.kwW pf :=0.75
a) Find the apparent power and the reactive power.
_P3g

_ . . 2 2 — .
0 of S3(p—1.6 kVA Q3(p‘ S3(p P3(p Q3(p 1.058 *kVAR

Negative because the power factor is leading.

S3

b) Find the line current.

S S
~S3g 208V ~ . ~So ~ .
S‘P‘fT V= V =120.089-V I =—" || =4.441°A

e o

¢) Find the values of the load components, assumming they are connected in series.
The components must be a resistor and a capacitor because
there is some real power and the power factor is leading.

P P P
P R =2 = %=20280
R ; ,
L I
Q Q
Q(P: 3(p ZCL::J ZCL:*17.885'Q = ,i
3 |L2 wC
o1 o aa
assume @ =377-/% C:= o7 C =1483+pF
sec

d) Find the values of the load components, assumming they are connected in parallel.
Still a resistor and a capacitor.

2
Vo
R =2 R =36.053:Q
p
) ¢
Vv
Zoy =2 7 =-40881°Q = -1
CL CL
Q(p wC
rad C .= 1 C =64.9°uF
assume =377 Wz Bhthale
sec CL

e) Correct the power factor with Y-connected components.
Need inductors

vV 2 vV 2
-~ _ 0 _ 9 _ .
Qgnd Qe = — Ly = Ly =108.4+mH
wly oo-—Q(p

f) Correct the power factor with A-connected components.

3Ly =325.3-mH
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ECE 3600 3-Phase Examples p2
EX. 2 From F08, exam 1, Find the following:

a) The line current that would be measured by an ammeter.

480-V

V| =480V Z p=(30+12))-Q 3¢ source
\%
LL
A

PRI A= 2513A Al Z:=(30+12)-Q
b) The power consumed by the three-phase load.

0 - atan(i(z)) 6 = 21.801 *deg pf = cos(6) pf =0.928

p— — 2 - L
P3p=S3gPl = 31 p~30Q =19.86-kW
alternate way
¢) The value of Y-connected impedances that would Za
result in exactly the same line currents and same pf. Zy = ? =10 +4j *Q
d) The value of Y-connected capacitors that would correct the pf.
1 2 2
Qi=—"./Sqn - P Q 4,=2648°kVAR soweneed: Qp~=-Q
lo 3 30 30 , lo C lo
\ Q
Q(c ="2648KVAR = - -y LN-@C C ::702 C =91.47-uF
wC |l w
|3

EX. 3 For the three-phase delta-connected load in fig P1 .7,
The line-to-line voltage and line current are:

V ag =480V (00 | , = 10A/-40°

ABC
phase

seguence
a) Whatis V,?

V cp 7480V [1200 = 480-V [-2400
b) What is the phase current in the load?
(As always, give the rms value.) L
10:A

[ =5.774°A Figure P1.7
3

c) What is the time-average power into the load?

Van =20V 300 since  1,=10A-40° | lagsV by 10°
3 8 = 10-deg
P3p = 3 480v-20A | cos(0) =8.188 kW .\ |
1 an
3 300
(480-V) Yab
i i ? = = . [0]
d) What is the phase impedance?  Z p 10A Z,=8314-Q /10 100

iE
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ECE 3600 3-Phase Examples p3
EX. 4 In the three-phase circuit shown in Fig. P1.9. find the following:

a) The line current that would be measured by an ammeter. 600 V (rms)

V|| =600V Z p=(20+11§)-Q 3¢ source
D ABC sequence

| ag = Vi | g =26.286°A B ¢

AB Za AB | ca-20-Q

+
V BC +
b) The power factor of the three-phase load. All Z's=20+j11Q
@ = atan i (¢ =28.811deg pf =cos(¢) =0.876 Figure P1.9
Im 20,34

¢) The voltage that would be measured between
B and D by a voltmeter.

Using V , as reference (0°): Radl

o ~j-90-deg
V g =600-V-e

_ Vhe
| cp = 26.286-A.¢ (19028811 deg 800V
VCD::I CAZOQ 1
V cp =272.251 +449.734) *V
Vep =Vect+Vcp V gp =272.251 - 150.266] *V Vgp| =311V

(must be the sum, NOT the difference, see the + and - signs on the drwawing.)

EX. 5 Textbook problem 2-2
Figure P2-1 shows a three-phase power system with two loads. The A-connected generator is producing a
line voltage of 480 V, and the line impedance is 0.09 +j0.16 Q. Load 1 is Y-connected, with a phase

impedance of 2.500 /36.87° Q and load 2 is A-connected, with a phase impedance of 5 /-20° Q.

I o090 0160 Ls

FoAY
Lyt Pl I.;.;\
'V.#.z
—_ Z¢|2 Z';'Z

Vo =480230°V

&

V= 480.-210° V

Z¢.1 Z'F'E

V, = 480/-90° V 0090 0160

W YTy a
oo Ny jRle N 1

L

-~ j-36.87-d 204
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a) What is the line voltage at the two loads? ECE 3600 3-Phase Examples p4

Find an equivalent Y-only circuit: Z line = (0.09+016)-Q

XL
—D, +
n ll - J}l @
vy - 480V V' L Nload
I3 2 g2
° 7 7 Zvq2
Vy =277.128+V il T2 3
‘ Z ygp =1566 - 057 *Q
= 1 = I e = .
Z¥loads =y 4 Z yioads = 1.13 +0.044j +Q Z yioads| =1131°Q
P arg(Z =2.254deg
Z(pl ZY(pZ < Yloads>
Z viot =Zline* Z Yloads Z yvior =1.22+0.204) *Q ‘z Ytot\ =1.237°Q
ag(Z o) =9.516+deg
Vy
L= | | =220.998 - 37.047} *A 1| =224.082°A
Z Ytot -
arg<| L) =-9.516 *deg
Viine =L Zline V |ine = 25.817 +32.025) *V |V lind =41.136°V
ag(V |ing) = 51.126deg
V | Nioad = L"Z Yioads V [ Nlgad =251.311 ~32.025) *V |V | Njgaq| =253.343°V
ag(V | Nigad) = 7-262 *deg
V Licad =V LNload"(3 V Lload =435283 ~ 5547} *V V| joad| =438:803+V

b) What is the voltage drop on the transmission lines? arg<V Lload> = 7.262°deg

Viine=! LZline V jine = 25.817 +32.025 *V |V lind =41.136°V

ag(V |ing) = 51.126deg
¢) Find the real and reactive powers supplied to each load.

Vv Vv
| ::M | (1 =101.337°A |2 ::M | (2 =152.006°A
Zq Zvg
Pgq1 =3 qlz- Re(Z q1)  Pggp =6L615KW P3g2 =3 qzz- Re(Z yqp) Pggp=108562°kW
L 2 _ . a3 A2 = .
Qg1 "3l IMZ )  Qgzq =46.212°KVAR Qag =31 "IMZyq) Qgzq="39513KVAR

d) Find the real and reactive power losses in the transmission line.

quL1:3.<‘| L‘>2.Re<Z Iine> quL:13.557°kW Q3qL::3'<‘I L‘>2_|m<z Iine> Q3q|_224.102°kVAR

e) Find the real power, reactive power, and power factor supplied by the generator.

Psqgen = P3q|_ + P3q1 + P3q2 Psqgen =183.734 kW
P3(;gen
Q 3¢gen =Q 3q|_+ Q 3¢1 +Q 3¢2 Q 3qgen =30.801°kVAR pf = —————=0.986
3Vl ragging
Pag1t P3g2
f) What is the efficiency of this system? n= ——"=92621*%

P 3¢gen ECE 3600 3-Phase Ex. p4



