EE 340L
EXP: 2 - THREE-PHASE AC CIRCUITS

A. Determining the Phase Sequence

One way to determine the phase sequence is to use two light bulbs and a capacitor
connected in Wye as shown in Fig. 1.

1. Letthe phase voltage be 120 V, the capacitor value with a reactance of 600 Q, and each
of the light bulbs is represented by a resistance of 600 Q. Further assume that the phase
sequence is A-B-C (i.e., phase B lags phase A by 120 deg.). Calculate the voltage Vnn
(i.e., voltage of node N with respect to the neutral point of the 3-phase source), the
voltage across the capacitor, the voltage across the light bulb connected to phase B, and
the voltage across the light bulb connected to phase C.

Y/ T Vv

VAN = ceeeen. Vv

VBN = ceenenen. Vv

Ven = coeeennns \Y,

Which of the two bulbs should be brighter (i.e., the one with a higher voltage across its
terminals)?

2. Repeat 1) above by assuming the phase sequence is A-C-B (i.e., phase C lags phase A

by 120 deg.)

Vin = ceeeenen. \Y
VAN = eenenen. \Y
VBN = oenene. \Y
AV /SN Vv

From the results of 1) and 2), one can conclude that the phase sequence is in the
following order: bright lamp — dim lamp — capacitor.

3. Verify the above experiment in the laboratory.
A-B-C Sequence:

Vn = oo Vv
VAN = ceeenens V
VBN = cevnens V
Ven = cennnns \%
A-C-B Sequence:
Vn = oo Vv
VAN = coeenens V
VEN = ceeenens V
Ven = oennnns Vv



B. Power Measurement by 2-Wattmeter Method.

A three-phase 208 V circuit supplies power to an unbalanced 3-wire, delta
connected resistive load. The resistance branches are as follows:

R1 =170 Q, R2= 240 Q, and R3 = 300 Q (see
1) Calculate the total power delivered to the load.

2) Two watt-meters are used to measure the power above (using one of the phases
as a reference to the voltage). Calculate the power measured by each of these

meters.
Ptotal i reiean. W,
P12=............. W, P32=........... w

P1=......... W, Q1=............ VAR
P2=.......... W, Q2=............. VAR
P3=........... W, Q3=............ VAR

P1=......... W, Q1=............. VAR
P2=.......... W,Q2=............. VAR
P3=........... W, Q3=........... VAR



C. Load Balancing.

When a single-phase resistive (R) load is connected across two phases of a three-
phase source, it creates a highly unbalanced system (i.e., two of the line currents are
equal but opposite in phase, while the third line current is zero). It is possible to balance
this circuit perfectly (i.e., all line currents are equal, and in phase with their respective

phase voltages) by using an inductor and capacitor with specific values as shown in Fig.
3 . Further, it is essential that the phase sequence should be 1-2-3.

1) Suppose that the three-phase source is 208 V (line-to-line) and positive
sequence, and R = 100 Q. Calculate the magnitude and phase angle of each
phase current and resulting reactive and reactive power when (a) the single-
phase load is connected alone, and (b) when the balancing L-C circuit is added.

Without L-C: la=............. Alg= . Alc=........... A

Pa= .. W, Pg=............. W,Pc=........... W

Qa= oiiiinin VAR, Qg =............. VAR, Qc = ........... VAR
With L-C: A=, Alg=............. Alc=.......... A

Pa= .. W, Pg=............. W,Pc=........... w

QA= i VAR, Qg=............ VAR, Qc=........... VAR

2) Verify the above through a laboratory experiment (use the combinations of
available L and C values in the Laboratory that closely match the desired values).

Without L-C: o= ..enn..... Alg= ... A lc=0A
N W,Pg=............. W,Pc=0W
QA= ciiiiiiinns VAR, Qg = ...cennn. VAR, Qc =0 VAR
With L-C: A= . Alg=..... Alc=......... A
Pa= oo, W,Pg=.....c....... W,Pc=........... W
QA= coiiiiinns VAR, Qg = ...cvenvn. VAR, Qc=........... VAR
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The following 3ble ghves Imp2dance valueg which can be obEined using efher
the Resksilwe Load, Model 8311, the Inductve Load, Modsl 5221, ar the
Capachiee Load, Model 3231, Figure -1 shows the load elements and
connections. Ciher parzlel combinabdons can be used to obfalm the same
Impedanca valuse liskad.

Table C4. Impadamos tsbia Tor The load modulec

Impedanos (1) Pocltion of the cwitches
wwr | sowmsorz | sowz | |Z[F[¢|E[e[7]%]|®
1200 4407 LEOD |
500 a0d &0
=00 1100 1200 |
&00 1457 1500 |
223 === 550 | |
200 TE3 EOO |
171 EZ3 585 | |
150 =50 50 | | |
133 453 533 | |
120 487 &E0 | |
103 400 &35 | | |
100 357 a0d | | | |
32 3I3E 353 | | |
ES 14 343 | | | |
| ek} 320 | | | |
75 IT5 300 | | |
71 53 282 | | |
57 44 257 | | | |
53 iz3 253 | | | | |
=] jrarua 240 | | | |
57 g [} 23 | | | | |




