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It is possible to produce a variable rotor resistance by the use of deep rotor bars
or double-cage rotors. The basic concept is illustrated with a deep-bar rotor in Figure
7-27. Figure 7-27a shows a current flowing through the upper part of a deep rotor bar.
Since current flowing in that area is tightly coupled to the stator, the leakage inductance
is small for this region. Figure 7-27b shows current flowing deeper in the bar. Here, the
leakage inductance is higher. Since all parts of the rotor bar are in parallel electrically,
the bar essentially represents a series of parallel electric circuits, the upper ones having
a smaller inductance and the lower ones having a larger inductance (Figure 7-27¢).

At low slip, the rotor’s frequency is very small, and the reactances of all the par-
allel paths through the bar are small compared to their resistances. The impedances of
all parts of the bar are approximately equal, so current flows through all parts of the bar
equally. The resulting large cross-sectional area makes the rotor resistance quite small,
resulting in good efficiency at low slips. At high slip (starting conditions), the reac-
tances are large compared to the resistances in the rotor bars, so all the current is forced
to flow in the low-reactance part of the bar near the stator. Since the effective cross sec-
tion is lower, the rotor resistance is higher than before. With a high rotor resistance at
starting conditions, the starting torque is relatively higher and the starting current is
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FIGURE 7-27

Flux linkage in a deep-bar rotor. (@) For a current flowing in the top of the bar, the flux is tightly linked to
the stator, and leakage inductance is small; () for a current flowing in the bottom of the bar, the flux is
loosely linked to the stator, and leakage inductance is large; (c) resulting equivalent circuit of the rotor bar
as a function of depth in the rotor.
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synchronous speed [see Equation (7-53)], and the motor will be quite efficient.
Remember that

Py = (1-5)Pyg (7-33)

so very little of the air-gap power is lost in the rotor resistance. However, since R, is
small, the motor’s starting torque will be small, and its starting current will be high.
This type of design is called the National Electrical Manufacturers Association
(NEMA) design class A. It is more or less a typical induction motor, and its character-
istics are basically the same as those of a wound-rotor motor with no extra resistance
inserted. Its torque—speed characteristic is shown in Figure 7-26.

Figure 7-25d, however, shows the cross section of an induction motor rotor with
small bars placed near the surface of the rotor. Since the cross-sectional area of the bars
is small, the rotor resistance is relatively high. Since the bars are located near the sta-
tor, the rotor leakage reactance is still small. This motor is very much like a wound-
rotor induction motor with extra resistance inserted into the rotor. Because of the large
rotor resistance, this motor has a pullout torque occurring at a high slip, and its starting
torque is quite high. A squirrel-cage motor with this type of rotor construction is called
NEMA design class D. Its torque-speed characteristic is also shown in Figure 7-26.

Deep-Bar and Double-Cage Rotor Designs

Both of the previous rotor designs are essentially similar to a wound-rotor motor with
a set rotor resistance. How can a variable rotor resistance be produced to combine the
high starting torque and low starting current of a class D design with the low normal
operating slip and high efficiency of a class A design?
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ther away from the stator a rotor bar or part of a bar is, the greater its leakage reactance,
since a smaller percentage of the bar’s flux will reach the stator. Therefore, if the bars
of a squirrel-cage rotor are placed near the surface of the rotor, they will have only a
small leakage flux and the reactance X, will be small in the equivalent circuit. On the
other hand, if the rotor bars are placed deeper into the rotor surface, there will be more
leakage and the rotor reactance X, will be larger.

For example, Figure 7-25a is a photograph of a rotor lamination showing the
cross section of the bars in the rotor. The rotor bars in the figure are quite large and are
placed near the surface of the rotor. Such a design will have a low resistance (due to its
large cross section) and a low leakage reactance and X, (due to the bar’s location near
the stator). Because of the low rotor resistance, the pullout torque will be quite near
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FIGURE 7-25

Laminations from typical squirrel-cage induction motor rotors, showing the cross section of the rotor bars:
(a) NEMA design class A—large bars near the surface; (b) NEMA design class B—large, deep rotor bars;
(c) NEMA design class C—double-cage rotor design; (d) NEMA design class D—small bars near the sur-
face. (Courtesy of MagneTek, Inc.)



