Per-Phase Example
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How much total power is delivered to the 3® system?
If it is a balanced system we can use “Per-Phase” analysis
Line — Line quantities need converted to Line — Neutral or “phase” quantities

for the source use: for the load use:
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Convert to Phase quantities
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If it is a balanced system

there is no current in the neutral
L+l +1.=0
you can analyze one phase...
then multiply the power result by 3



Analyze one Phase
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Reference angle is arbitrary

Simple Series Circuit

calculate input impedance: then calculate current:
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these results for one phase!

calculate MVA:
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real and reactive power:
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Multiply by 3 to get 3® values

I@ Rc ch I(Z)
/NNN\—"YY YN
E—
So R,
ViLl V.| V1]
Vy = 400@ LV _ Pl g |
£ ST 29
3
X,
1Z] = (R +RL)2+(X +XL 6, = tan~! Xt 3
AR c 3 RC+%

Multiply by 3:
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real and reactive power:

P3p = \/§|VLL||I| COS(_QI)

Q3¢9 = V3|V, |l sin(—6))
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to get the magnitude of apparent power (MVA)...
just multiply the magnitude of the line-line voltage
time the magnitude of the line current

times the square root of 3. (Remember It!)
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This is a big development...

it says that you really don’t need phase voltage...
you just use line-line voltage to get 3phase power.
likely the most used equation in 3phase analysis:




A numerical Per-Phase example
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Per-Phase values
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Convert to Phase quantities
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Analyze one Phase

1.0Q  j5.00
AVAVAVARN o 78 2"

S

3983740° @)

1000

JREKIY

Z =101 + j38.3
1Z| = /1012 + 38.32 = 108.00Q
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I = 59837 z —20.77
~108.0 '

I = 368.862 — 20.77°

|I| = 368.86 A
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Sy = 3983720 * 368.86,20.77
Sy = 14.69220.77 MVA

Py = 14.69M cos 20.77
Qp = 14.69M sin 20.77
Py =13.74 MW
Qp = 5.21 MVAR

Multiplying by 3:

Sap = 44.07220.77 MVA
|S30] = 44.07 MV A

Psy = 41.22 MW

Q35 = 15.63 MVAR

This is the power delivered
to the 3® system

Lets keep going and find load power and load voltage



Analyze one Phase (cont.)
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VoL = (368.864 — 20.77°)(100 + j33.3)
VoL = (368.862 — 20.77°)(105.41218.43°)
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Sor, = 14.34M~218.43°

Py, = 14.34M cos 18.43
Qg = 14.34M sin 18.43
Py, = 13.61 MW
Qg = 4.53 MVAR

Multiplying by 3:

S3g. = 43.03£18.43 MV A
S30.| = 43.03 MVA

Psg = 40.82 MW

Q3g1 = 13.60 MVAR

This is the power delivered
to the 3® load

Notice 3® losses in the line:

41.22 — 40.82 = 0.40 MW
15.63 — 13.60 = 2.03 MVAR
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Questions or Comments ...
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