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Sheet (10) ... Three Phase Systems

1. A three-phase, three-wire 100 volt, ABC system supplies a
balanced delta-connected load with impedances of 20445

ohms. Determine the line currents and draw the phasor diagram.
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To obtain the line currents as shown in the circoit diagram, we apply Kirchhoff's current law
at each junetion of the load. Thus

Iy = Lig+ I, = BO/E® — BO/LYE® = 8.66/46°
Iy = Tga+ lne = —BO/TS® + BO/—45° = 8.66/—75°
I = Igq +1cs =  B.O/195" — £.0/—46° = 8.66/165°

The phasor diagram of phase and line currents ia shown in Fig, 14-20 above.

2. Three identical impedances of 5 £30°ohms are connected in wye
to a three-phase, three-wire, 150 volt, CBA system. Find the line
currents and draw the phasor diagram.
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Best Wishes;
Dr. Basew EHalowany
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With baluneed, throe-wire, wye-connected systemas we may add the neniral conductor as shown
in Fig. 14-30. Then the line to neutral voltages, with magnitudes

Vi = VB = 15003 = s6s
are applied with the phase angles of the CBA sequence. The line currents are

_ Van . BE.6/—890° _ ] - _ Vin - - . Vew - -
Ta =g = grags - MRS, I = 5 = ITREC, L= 5 = TR

The phusor disgram in Fig. 14-31 shows the balanced set of line currents leading the line to
neutrnl voltages by 30%, the angle on the load impedance.

3. Three identical impedances of 10430’ ohms in a wye connection
and three identical impedances of 15£0°chms also in a wye
connection are both on the same three-phase, three-wire 250
volt system. Find the total power.

Simes both loads are wye-connected, their phase

impedances ean be put direcily on the oneline

pquivalent eireuit as shown in Fig. 14-33. The I,

voltage required in the one-line equivalent eircuit ia

Ve = VAT = 260/v3 = 1445 144500 1080 150°
Then the corrent ia
_ L445[0° | 144.5/0° — L L
L = Tpe T EEe
Fig. 14-33

14.46/—80° + D42f0* = 23.3/-181°

In the power formuls P = ﬁVL Iy eos8, & is the angle of the load impedance when there is
a gingle load. With several loads on the same aystem, # is the angle of the equivalent load
impedance, In computing the current Ip, both londs were considered and the current was found
to L the voltage by 18.1%, Therefore we know that the equivalent impedance is inductive and
has an angle of 18.1%. Then

P o= 3V, Il cond = VEIB0I2E2) cos 181° = 95630 w

4. Three identical impedances of 12.£30° ohms in a delta connection
and three identical impedances of 5245°ohms in a wye
connection are on the same three-phase, three wire, 208 volt,
ABC system. Find the line currents and the total power.

Best Wishes;
Dr. Basew EHalowany
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SBinee the first of the loads is delta-eonnected we obtain the wye-eonnectad asguivalent,
By = B8 = 12/80° /5 = 4/0°
With a line veltage of 208, the line to neuteal volt-
age la 208/v3 or 120 volts.
The one-line equivalent ecirenit is shown in 1,

Fig. 14-34 with the two load impedances 4/30% and
6f46% ohms, These impedances can be replaced

with an equivalent where 120400 | 4807 BB
_ AfE0°(BME° Y -
I = v vemps RS
Then the current is - - -
Fig. 1d-34
o= g o OB pge/-sese
LT g T Zzisses . SHe[cge4°

The voltage ¥,y in the ABC sequence has a phase angle of #0° and thus I, = BLE/(E0° — 36.4%) =
Gd.6/084% . Similarly we find that Iy = 61L6/—66.6° and I = BRE6/—1B6.6°,

The total power
P = AV I come = /3 208(53.6) cos 866 = 16,500 w

5. A three-phase, three-wire, 240 volt, CBA system supplies a
delta-connected load in which Zab =25290° , ZBc = 15£30° and

ZCA = 20£0° ohms. Find the line currents and the total power.

Apply the line voltages of the CRA sequence A Tea
to the delta-connected load in Fig. 14-85, and salect
the phase currents as shown on the dingram, Then 240840 1 )
Vi _ 240/240° @
[ = =12 = "T"I22= = pg/150° 15/ p0"
as = o 26,90° (150 E —
Var 24040° soazes | | aenme .
1 — — Lk == —807 T8
B = goo = ipmes 16080 )
o A

o = :r: a % = 10420 Fig. 14-35
Kow the line currents are computed in terms of the phase currents,
Li = Lag + Ly =  8.6/150° — 12/120° = G.06/247.7°
Iy = Igy + lge = —9.6/60° + 16/—30° 26.6/— 30"
Ir = Ty + Iem 1271207 — 16/=80°" = 27.1/137.2°
Ap expected with an unbalanced load, the line currents are not equal,

The power in each phase is calenlated as follows.
Impedance #,, = 26/80°% = 0 + j26 ohms, R,p = 0 and I,p = 5.6 amp. Than
Fap = DgRa = (8.8120) = 0
Impedence Tge = 16/50° = 18 + j7.6 chms, Rge = 18 chme and fy = 16 amp. Then
Pye = BeBpe = (162(13) = 3390 w
Impedance &, = 20/0° = 20 + jO ohms, K., = 20 ohms and Iy = 12 amp. Then
Pey = I Rey = (12)%20) = 2680 w
The total power is the sum of the power in the phases,
Pr = Pap+ Ppe+ Fea = 0+ 3330 + 2880 = G210 w

Best Wishes;
Dr. Basew EHalowany



Benha University Electrical Circuits (2) Electrical Eng. Dept.

Faculty of Engineering 1 year communication
Shoubra 10-12 May 2015

6. A three-phase, four-wire, 208 volt, ABC system supplies a wye-
connected load in which ZA=10£0°, ZB= 154£30°and
Zc=10£-30° ohms. Find the line currents, the neutral current

and the total power.

Apply the line to neatral voltages of the ABC o 1
sequencee to the cireuit ag shown in Fig, 14-30 and 8 I "
compute the line currents assuming the positive i ! ‘ulﬂiﬂ_
direction toward the load, N —

L, = VauZ, = (120/80° )/10/0° ) = 12/60° 120/-30° la?
I = Vyu/Za = (120/—30° )/(16/30° ) B —
= #f—a0*
I | 1 — 0
I; = Vgl = (1201507 )/10/—30" )
= 12/=12° [

The nentral conduwctor containe the phasor sum of the line currents and if the positive direction
is toward the load,

Iy = =y +Ig+Iop = =(12/90° + 8/—80° + 12/—120°) = G.60/60.4°

The impedance Z, = 10+ j0 chms passes current [, = 12/00° amp, and the power in
this phase of the lead is P, = (12/¥10 = 1440 w. Impedance Zy = 15/30° = 13 4 j7.5 contains
the current Iy = 8/—60° amp, end the phase power i3 Py = (80818 = 832 w. Similarly
Lo = 10§=30° = 866 — jb chme contains I, = 12/=120° amp and Fe = [12)%R.66 = 1247 w.

The total power is Pp = P, + Py + P = 1440 + 832 + 1247 = 3615 w.

7. The load impedances of Problem 6 are connected to a three-
phase, three-wire, 208 volt, ABC system. Find the line currents
and the voltages across the load impedances.

Best Wishes;
Dr. Basew EHalowany
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Fig. 1437 Fig. 14-38

The cireuit of Fig. 14-37 showa the two line voltages ¥V, and ¥y With the mesh currents
I, and L selected as shown, the matrix form of the mesh current equationz is

[10/0° + 16/30° —16/30° ]!’1,] B [auam]

| —1s/a0° 15/90° + 10/=30° || Ty 208,07
5210,/00°
from which L = e 14.15/86.1°
_ uTEU/EEST b
I; = TEae 10.16/62.7

Thae line currents with positive directions towsrd the load are given in terms of I and Iy as
[, = I; = 1416/86.1%
Iy = I;—1I; = 10.16/62.7° — 14.16/388,1° = 8.0/—49.6°
I- =Iy = M0IG/(E27° — 1807 = 10.16/—1274°
MNew the voltages across the load impedances are

Vio = L&, = 1416/86.1° (1000° ) = 141.5/861°
VYoo = IpZp = B.0/—49.6° (16/30°) = 120/=10.5°

Voo = 1%, = 100E6/—127.8° (10/—30°) = 10L5/—157.8"

A plot of the three voltages Vg, Vyo wnd Vip shows the triangle of the ABC sequence when
the ends of the phasors are joined by straight lines. Then point N can be added ns shown in
Fig. 14-38 nbove.

Best Wishes;
Dr. Basew EHalowany



