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% Plot the torque-speed curves

plot (nm, t_indl, 'Coloxr','k', 'LineWidth',2.0);

hold on;
plot(nm,t_indz,'ColorH'kH'Linewidth',z.o,'Linestyle'ﬂ-.');
xlabel ('\itn_{m}', 'Fontweight!, 'Bold') ;

ylabel ('\tau_ {ind}','Fontweight','Bold');

title ('Induction Motor Torque-Speed
Characteristics', 'Fontweight', 'Bold’') ;

legend ('single-Cage Design','Double-Cage Design');
grid on; i

hold off;

The resulting torque-speed characteristics are shown in Figure 7-26. Note that
the double-cage design has a slightly higher slip in the normal operating range, a
smaller maximum torque and a higher starting torque compared to the corre-
sponding single-cage rotor design. This behavior matches our theoretical discus-
sions in this section. ~m
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Figure 7-26 | Comparison of torque-speed characteristics for the single- and
double-cage rotors of Example 7-6.
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7.7 | STARTING INDUCTION MOTORS

Induction motors do not present the types of starting problems that synchronous mo-
tors do. In many cases, induction motors can be started by simply connecting them to
the power line. However, there are sometimes good reasons for not doing this. For
example, the starting current required may cause such a dip in the power system volt-
age that across-the-line starting is not acceptable.
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For wound-rotor induction motors, starting can be achieved at relatively low
currents by inserting extra resistance in the rotor circuit during starting. This extra re-
sistance not only increases the starting torque but also reduces the starting current.

For squirrel-cage induction motors, the starting current can vary widely depend-
ing primarily on the motor’s rated power and on the effective rotor resistance at start-
ing conditions. To estimate the rotor current at starting conditions, all squirrel-cage
motors now have a starting code letter (not to be confused with their design cluass
letter) on their nameplates. The code letter sets limits on the amount of current the
motor can draw at starting conditions.

These limits are expressed in terms of the starting apparent power of the motor
as a function of its horsepower rating. Figure 7-27 is a table containing the starting
kilovolt-amperes per horsepower for each code letter.

To determine the starting current for an induction motor, read the rated voltage,
horsepower, and code letter from its nameplate. Then the starting apparent power for
the motor will be

1

S

P S = (rated horsepower)(code letter factor) (7-54)

and the starting current can be found from the equation

\\/\ \(\\J P\ ‘ 1[ S.\lm'l

Figure 7-27 | Table of NEMA code letters, indicating the starting kilovoltamperes

' per horsepower of rating for a motor. Each code letter extends up
1 to, but does not include, the lower bound of the next higher class.
- (Reproduced by permission from Motors and Generators, NEMA
Publication MG-1, copyright 1987 by NEMA.)

Nominal code Locked rotor, Nominal code Locked rotor,
letter kVA/hp letter kVA/hp
A 0-3.15 L 9.00-10.00
B 3.15-3,65 M 10.00-11.00
C 3.55-4.00 N 11.20-12.50
D 4,00-4,50 P 12.50-14.00
E 4.50-5.00 R 14.00-16.00
F 5.00-5.60 S 16.00-18.00
G 5.60-6.30 i 18.00-20.00
H 6.30-7.10 U 20.00-22.40
J 7.10-8.00 \Y 22.40 and up
—— K 8.00-9.00
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é EXAMPLE 7-7

-8 What is the starting current of a 15-hp, 208-V, code letter F, three-phase induction
8 - motor?
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W Solution
According to Figure 7-27, the maximum kilovoltamperes per horsepower is 5.6.
Therefore, the maximum starting kilovoltamperes of this motor is

Sstant = (15 hp)(5.6) = 84 kVA
The starting current is thus

Sslarl

j e
SRV
= B BV oag i e
\/3(208 V)

(7-55)

If necessary, the starting current of an induction motor may be reduced by a
starting circuit. However, if this is done, it will also reduce the starting torque of the
motor. ’

One way to reduce the starting current is to insert extra inductors or resistors into
the power line during starting. While formerly common, this approach is rare today.
An alternative approach is to reduce the motor’s terminal voltage during starting by
using autotransformers to step it down. Figure 7-28 shows a typical reduced-voltage
starting circuit using autotransformers. During starting, contacts 1 and 3 are shut,
supplying a lower voltage to the motor. Once the motor is nearly up to speed, those
contacts are opened and contacts 2 are shut. These contacts put full line voltage
across the motor.

! ——

Figure 7-28 | An autotransformer starter for an induction motor
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Starting sequence:

(2) Close | and 3 holl ""\L'”’)(’f oh \{W eony, = Ve of masbe
(b) Open | and 3 cod i

(¢) Close 2 S robo P

It is important to realize that, while the starting current is reduced in direct pro- |
portion to the decrease in terminal voltage, the starting torque decreases as the squre
of the applied voltage. Therefore, only a certain amount of current reduction can be
done if the motor is to start with a shaft load attached.




