Problem 1

A 9kVA, 208 V. 1200 rpm, three phase, 60 Hz, Y-connected synchronous generator has a field
winding resistance of 4.5 Q and armature winding impedance of 0.3+5Q2 per phase. When the
generator operates at its full load and 0.8 PF lagging, the field winding current is 5 A. The

rotational loss is 500 W. Determine:

(a) The voltage regulation

(b) Efficiency

(¢) The torque applied by the prime mover
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Problem 2

A three phase, 14 kV, 10 MVA, 60 Hz, two pole, 0.85 PF lagging, star connected, synchronous
generator has Xs= 20 Q per phase and R,= 2 Q per phase. The generator is connected to an

infinite bus.

(a) Determine the excitation voltage at the rated condition. Draw the phasor diagram for this
condition.

(b) Determine the torque angle at the rated condition.

(c) If the field current is kept constant, determine the maximum power the generator can supply.
Neglect R,.

(d) For the condition in part (c), determine the generator current and the power factor. Draw the

phasor diagram for this condition.

Problem 2 Solution

_ 1axod )0 x10*
a Vi"rm‘ed"‘ ey = 8083 V/Phase Ialmfed:: B x it Kio® =412.4A
0= ws? 0.85 = 38"
Ef = 80B3L0°+ (412.4 £-31.8")x 2+ (412.44-318%)x 20.90° )
= 8083 +700-)434¢6 +4346.3+)7007.9= 13124.3+)6575, 3=/4.6838/26V
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(b)  The torque angle 6=26°

4683 |
@) Ppay = 3)(2(9;.083,” = 81T.8Mw
(dy 1, = 14883L90°- 808340 _ _JI4683- 8083 /6760.832119.8 "
a 20 £ 90° J=zo 20 L Go°

= 838, 04,288°A
PF = Cos 288°= 0.876 (/eaa//'rz?)
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Problem 3

A three phase, 120 MVA, 12 kV, 60 Hz, two pole, 0.85 PF lagging, Y-connected steam turbine

driven alternator(synchronous generator) has a stator resistance of R,= 0.018 Q and a
synchronous reactance of Xs= 1.02 Q. At full load (rated) condition, the efficiency is 92% (the

field winding loss is neglected). At this condition, determine

(@) The synchronous speed

(b) The power loss in the armature resistance

(c) The rotational loss (Neglect

(d) The torque applied to the shaft by the steam turbine prime mover

*
(a) o, = 1202 60 =3600rpm

Vp=12KY 69284y

J3

_ 120MVA

.= =5773.7A
6928.4V

(b) P, =3*1 °R, =3*5773.72*0.018 =1.8 MW
P =120*0.85= 102 MW

out
: 102
Turbine power P, = 092 110.8696 MW

Total loss =110.8696 —102= 8.896 MW
(c) Rotational loss=8.896 —1.8=7.0696 MW
110.8696 MW

d Torgue=
(@) U= (3600%27)/60

= 294.09kN-M




Problem 4

A 208-V Y-connected synchronous motor is drawing 40 A at unity power factor from a 208-V
power system. The field current flowing under these conditions is 2.7 A. Its synchronous
reactance is 0.8 Q. Assume a linear open-circuit characteristic.

(a) Find the torque angle 9.

(b) How much field current would be required to make the motor operate at 0.8 PF leading?

(c) What is the new torque angle in part (b)?

SOLUTION
(a) The phase voltage of this motor is V, = 120 V, and the armature current is I, =40£0°A.
Therefore, the internal generated voltage is
E,=V,-R1I,- X,
E, =120£0° V- j{(0.8 Q)(40£0° A)
E,=124/-149°V
The torque angle ¢ of this machine is —14.9°.

(b) A phasor diagram of the motor operating at a power factor of (.78 leading is shown below.

Since the power supplied by the motor is constant, the quantity /, cos @ , which is directly proportional to
power, must be constant. Therefore,

1,,(0.8)=(40 A)(1.00)



1,,=50/3687° A

The internal generated voltage required to produce this current would be
E,= V¢ R0, - X,
E,, =120£0° V- j(0.8 Q)(50£36.87° A)
E, =147154-125°V

The internal generated voltage E, is directly proportional to the field flux, and we have assumed in this

problem that the flux is directly proportional to the field current. Therefore, the required field current is
_E, - 147V

OE, T 14V

I (27A)=320A

(¢) The new torque angle dof this machine is —12.5°.

Problem 5

A 480-V, 100-kW, 50-Hz, four-pole, Y-connected synchronous motor has a rated power factor
of 0.85 leading. At full load, the efficiency is 91%. The armature resistance is 0.08 Q, and the
synchronous reactance is 1.0 Q. Find the following quantities for this machine when it is
operating at full load:

(@) Output torque

(b) Input power

(¢) nm (Mechanical speed of the machine)
(d) EA

(€) llal

() Peonv

(g) ROtatlonal IOSS= Pmech +Pcore+ Pstray



SOLUTION

(a) Since this machine has 8 poles, it rotates at a speed of
1201, 120(50 Hz)

m = P =

If the output power is 100 kW, the output torque is

n =1500 r/min

100,000 W
f.md:P“”': ( > d) ——=637N'm
“n (1500 ymin) == O
Ir 60s
(b) The input power is
PIN:@:IOOKW:HOkW
n 0.91
(c)  The mechanical speed is
n,, = 1500 r/min
(d) The armature current is
I P 110 kW 156 A

:[ = =

YN BV, P J/3(480 V)(0.85)
I,=156/31.8° A

Therefore, E, is
E,=V,-RI, - X1,
E,=(2774£0° V)-(0.08 Q)(156£31.8° A)— j(1.0 Q)(156.£31.8° A)
E,=375£4-218°V

(e) The magnitude of the armature current is 375 A.

-P

(f)  The power converted from electrical to mechanical form is given by the equation P_ =P, U

conv IN

2

P =31R, =3(156 A) (0.08 Q) =58 kW

P =Py—Py, =110 kW58 kW =104.2 kW

conv
(g) The mechanical, core, and stray losses are given by the equation

P . +P +P =P —F =1042kW-100kW =42kW

mech core stray conv OouT —



