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[ The Concept of Rotor Slip]

The voltage induced in a rotor bar of an induction motor depends on the speed of
the rolor relative to the magnetic fields. Since the behavior of an induction motor
depends on the rotor’s voltage and current, it is often more logical to talk about

this relative speed. Two terms are co define the relative motion of
the rotor and the magnetic fields. One is slip speed, delined as the difference be-
tween synchronous speed and rotor speed:

[ Agip = Myyne = M ] (7-2)

where [ ng;, = slip speed of the machine
na = Speed of the magnetic fields
n, = mechanical shaft speed of motor

The other term used to describe the relative motion is séip, which i =
tive speed expressed on a per-unit or a percentage basis. That isslip is defined as

ot
5=—5h]1(>r: 100%) (7-3)
ns;m-:
n - n
s = (% 100%) (7-4)
Boync

i




This equation can also be expressed in terms of angular velocily w (radians per
second) as

L] =

s§=—_ (x 100%) (7-5)

Notice that if the rotor turns at synchronous speed, s = 0, while if the rotor is sla-
tionary, s = 1. All normal motor speeds fall somewhere between those two limits.

It is possible to express| the mechanical speed (of the rotor shaft in terms of
synchronous speed and slip. Solving Equanons (7—4) and (7-5) for mechanical

speed yields
l Ry = (1 = $)ngyy l (7-6)
or [ w, = (1 — oy, ] (7-7)

These equations are useful in the derivation of induction motor torque and power
relationships.

The Electrical Frequency on the Rotor ]

An induction motor works by inducing voltages and currents in the rotor of the
machine, and for that reason it has sometimes been called a rotating transformer.
Like a transformer, the primary (stator) induces a voltage in the secondary (rotor),



but unlike a transformer, the secondary frequency is not necessarily the same as
the primary frequency.

If the rotor of a motor is locked so that it cannot move, then the rotor will
have the same frequency as the stator. On the other hand, if the rotor turns at syn-
chronous speed, the frequency on the rotor will be zero. What will the rotor fre-
quency be for any arbilrary rate of rotor rotation?

Atn,, = 0 t/min, the rotor frequency f, = f,, and the slip s = 1. At n,, = n,.,
the rotor frequency f, = O Hz, and the slip s = 0. For any speed in between, the ro-
tor frequency is directly proportional to the difference between the speed of the mag-
netic field n,,. and the speed of the rotor #,,. Since the slip of the rotor is defined as

Rsyoc ~ P
§= " (7-4)

the rotor frequency can be expressed as

[=+]] (7-8)







Several alternative forms of this expression exist that are sometimes useful. One
of the more common expressions is derived by substituting Equation (7-4) for the
slip into Equation (7—8) and then substituting for n_,. in the denominator of the
CXPression.

D) [

Butn,,,. = 120f,/P [from Equation (7-1)], so ' 120 '
Royme =

P
[ J, = {ﬁwnc = fiy) IZ'[]}:.f" J

Therefore,




Example 7-1. A 208-V, 10-hp, four-pole, 60-Hz, Y-connected induction motor has
a full-load slip of 5 percent.

(@) What is the synchronous speed of this motor?

(b) What is the rotor speed of this motor at the rated load?

(¢} What is the rotor frequency of this motor at the rated load?
\ (d) What 15 the shaft torque of this motor at the rated Lload? /

Solution
(a) The synchronous speed of this motor is

[ m—'mf ] (7-1)

:LIZ'D{H} HI} = ]EDDrfmmJ

4 poles




(b} The rotor speed of the molor is given by

[HH = “ _ I.I-msg.ru:] {?_6}
= ({1 — 0.95)1800 r/min) = 1710 r/min

(¢) The rotor frequency of this motor is given by

f, =, = {0.05)60Hz) =3 Hz (7-8)

Alternatively, the frequency can be found from Equation (7-9):

F
f.= 120 (Moyne — M) (7-9)

=%{Iﬂlﬂn‘min ~ 1710 /min) = 3 Hz ]




[Pout =10 hpj

P =10x746 W

out

P = 7460 W
g 21 1710 2T
W =n, — ®w = =
| om m 60 m 60
rad
(d) The shaft load torque is given by =179.07 —
P 7460 det
- - | = = JNe*m
['wﬂ m_J 17907 M
(10 hp)X746 W/hp) Al TN

= (1710 r/min)(27 rad/r)1 min/60 s)



