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EXAMPLE 17.10 Synchronous Motor Analysis

Problem

Find the kVA rating, the induced voltage and the power angle of the rotor for a fully
loaded synchronous motor.

Solution
I 2 Known Quantities: Motor ratings; motor synchronous impedance.
5 R JLE

——e "1
O MW—TTT . T
i 10 28 = and. S -E,f;.,é

Y, =%£ﬂ° E;/-5° Schematics, Diagrams, Circuits, and Given Data: Motor ratings: 460 V: 3 ¢
'\\I

pf = 0.707 lagging; full-load stator current: 12.5A Zg =14 j12 €2

O
Figure 17.36

Assumptions: Use per-phase analysis.

Analysis: The circwmt model for the motor 15 shown 1n Figure 17.36. The per-phase
current 1 the wye-connected stator winding 1s

Iy=|I;|=125A



The per-phase voltage 15

o460V
15=|‘5|=—=f_6}531¥

V3

The kVA rating of the motor 15 expressed m terms of the apparent power, § (see Chapter 7):

S=3Vsls=3x26558Vx125A=9959W
From the equivalent circwt, we have

E, =Vy —Is(Rs + j Xs)
=265.58 — (125 —45° Ay x (1 4+ j1282) = 17931 —32.83°V

The induced line voltage is defined to be

Viee = V3E, = /3 x 179.31 V = 310.57 V
From the expression for E;, we can find the power angle:

§ = —32.83°

Comments: The minus sign indicates that the machine 1s 1n the motor mode.



EXAMPLE 17.11 Synchronous Motor Analysis

Problem

Find the stator current, the line current and the mduced voltage for a synchronous motor.

Solution
Known Quantities: Motor ratings: motor synchronous impedance.
Find: I1s5. Ii..: Eg.

Schematics, Diagrams, Circuits, and Given Data: Motor ratings: 208 V; 3 ¢ 45 kVA;
60 Hz; pf = 0.8 leading; Zs = 0+ ;2.5 Q2. Friction and windage losses: 1.5 kW, core
losses: 1.0 kW. Load power: 15 hp.

Assumptions: Use per-phase analysis.
Analysis: The output power of the motor 1s 15 hp; that 1s:
P =15hp x 0.746 kW/hp = 11.19 kW
The electric power supplied to the machine 1s
Py = Pout + Poca + Peore-toss + Petecatoss
=11.19kW + 1.5 kW + 1.0 kW 4 0 kW = 13.69kW
As discussed m Chapter 7, the resulting line current 1s
Py 13,690 W
V3Vcosf /3 x 208V x 0.8

Because of the A connection. the armature current 1s

1
fom o i, = PTALERTA

V3

B = =475A



The emf may be found from the equrvalent circuit and KVL:
E;, = Vg — jXsIs
= 208/0% — j2.582(27.4/36.87° A) =255 - 124"V
The power angle 15

§ = —12.4°
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SYNCHRONKOMPENSATOR

SYNCHRONOUS COMPENSATOR COMPENSATEUR SYNCHRONE

=~ L 170/200-04 sol
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