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INTRODUCTION.

It 18 froqnexitly desirable to obtain the slip of an
induocti on motor to & greater degree of acouracy then can be
obtai ned by the comparison of two speed indicators. The 8lip
of an induction motor is the & fferemse between lozd speed
and synchronous gpeed as a decimal of synchronous speed.

When Syno YePoelly = 120!
P

It i8 necessary to obtain the slip acourately in order to
show the true performance 3f an indmction motor,

The following discussion will show why two speed
indicators are very inaccurate, If the speed of a motor is
taken with an ordinary speed counter, an error of one-half
of one percent is not unusual, With a machine operating at
900 r.pems this would mean an error of 4.5 r.p.m. Expressed
in terms of slip, this error would become 10% and usually
the error would be greater. Tachometers, especially the
hand type, 1f oconstructed for any great range, are diffiocult
to read and usually unreliable for precision work, There-
fore, it may %e seen that some special method is required to
obtain the slip accurately.



AVAILABLE METHODS.

After making a study of references and devieing
many methods for measuring slip, the one presented in this
paper was chosen,

Methods Reviewed:

l. Various stroboscopic methods.

2. Devices imploying a vibrating reed.

3. An esocapement wheel vhich counts the
cycles slip. |

4. Wonﬁd rotor induoction motor with voltmeter
attached to field wipdinge the generated voltage
indicating the slip. _

b. Cone and a diso with an arc light to
indicate synchronous speed. _

6. Two similar shunt D. C. machines one on a
synchronous motor the other on the motor in question,
with their voltages bucking each other, any di ffer-
ence in voltages indicating slip,

7. Two series D. C. machines arranged as in .
(6), but the voltage of the one indicating the
syn.r.p.m. and the voltage of the other indicating

the motor r.p.m.



DIFFICUILTIES ERCOUNTLRED IIl AVAITABIE IT.THODS.

Any method vhich depends on the human element to
ocount the slip or any which must be read over a period of
time will have inacuracy of time, or if the slip is too great
it ocannot be counted aocurﬁtely. Therefore, the following
methods are eliminated 1, 2, 3, and 6. No. 4 is not accurate
because the wave form of the impressed voltage would effedt
the voltmeter readings., Where relative high speeds are used,
the differences of which indicate & relatively small slip
the results are inherently inaccurate because a small error
on & large number when shifted to the small one causes &
much larger error. Hence 6 and 7 are eliminated. Compaot
devices have been placed on the market by means of which the
8lip can be measured. One device cmsists of a rotating
commutator having the same number of segments as the motor
has poles. This commutator is pressed against the end of
the motor shaft and thus rotates at the same speed. An
ammeter is connected in series with the commtator and a
resistor to one phase of the power supply. As the rotor lags
behind the revolving field the pointer of the ammeter oscill-
ates at a frequency proportional to the slip. This egain
depends upon time and a person to count the oscillations,
Another slip meter consists of a conical oylinder which

rotates with the shaft of the motor in question end at the



same speed. On an axis parallel to the ecmical oylinder and
pressing against it is a wheel of the same diameter or slight-
ly larger than the small end of the cylinder. This wheel
carries a rotating commtatar as described above. The con-
neotions are as above desocribed. In operation the speed of
the wheel 18 increased by moving it towards the large end of
the oylinder until the ammeter ceases to oscillate. The
distence that 1t has been moved is graduated direotly in
terms of s8lip. This last method seems to be the most likely
and is the one adopted with slight variations.



A

COMPIETE IISCUSSION OF APPARATUS DESIGEED AND
BUILT IN THE SHOPS.

The slip meter consists of a conical ocylinder which
drives the counter-shaft through a movable disc. The sise of
¥he 4180 is moh that at one end of the counter-shaft the dise
revolves at the same speed as the oonical cylinder while at
the other end its speed is sbout 200 r.p.m. greater. Thus it
is seen that when the eylinder is connected to the motor under
test the disc may be so placed along the conical eylinder that
the speed of the counter-ghaft will be the synchronous r.p.m.
of the motor under test. On the end of the counter-shaft is
placed a commtator having four contacts. Placed opposite
this commutator and in oontact with it is placed a double
comtaoct brush which is driven by a 6 pole ggnchronous motor.
This commutator, through the mssessary brushes, closes the
eircuit of a two volt storage battery and voltmeter. When
synochronous speed of the comnter-shaft is obtained the volte
meter indication remains constant, The position of the diso
indicates the per cent slip on a scale placed under it. As
made, the meter may be used only on 6 pole 60 cycle motors.
For a different number of poles, gears would dbe necessary to
change to equivalent 6 pole speed. An attéchment for measur-
ing the period of hunting of & synchronous motor is descoribded

under “Suggestions for Purther iork."



The slip meter is showm and described in detail 4n
the acoompaning diagrams and pictures.

It 18 desirable when measuring the slip to have
synchronous gpeed at a standard wvalue, 80 a frequency meter

i8 a desirable adjunct fa the slip meter.
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ADJUSTMENTS.

The main adjustment is to keep the scale set ®so
that when the dise sets againast the oylinder at the point of
the same dilameter as the &l ss that the pointer will read
sero slip. As the disc wears off it w1 11 de necessary to
change the position of the scale, This maey be done by con-
necting the conical ocylinder to a 6 pole synchranous motor
and aofting.as desoribed for testing motor. Then move scale
to sero reading on pointer. The tmer on the cylinder re-
maining oconstant the readings or divisions will remain the

same with respect to the sero point.

PRECAUTIONS.

Do not attempt to move the dise along the eylinder
when it is standing still as doing 80 will produce & flat
place on the dise which wi1ll cause & pound and also inter-

fere with acouracy.



SUGGESTIONS FOR FURTHER WORK.

For measuring the period of hunting of a synchronous
motor a method has been devised and 18 offered as a suggestion.
It 18 as follows; On the shaft of the synchronous motor which
rans the contactor place a definite poled stator excited from
the A. C. line. Inside of this place & rotor of the same
number of poles, this is rotated by the counter-shaft.

By transformer acti on there will be a voltage in-
duoed in the ro@;or windings., The rotor and stator rotating
at the same speed in the same d rection the poles will remin

stationary W th respect to each other, as in & agram.

A oconstant e.m.f. will be induced in the rotor‘ windings, and
with a voltmeter 1t is possible to read the e.m.f. induced.
As soon as the synchronous motor in questl on begines to hunt
and the rotor deflects by an angle « the reluctance of the
flux path is increased and the induced e.m.f. chenged. By



noting the oscillations of the voltmeter needle one can
determine the period of hunting.

Another suggestion is .‘that the oylinder be put in
& oradle and balanced at speeds between 1000 and 1200 r.p.m.
or obtain a fiber or oompoaitiovn cylinder which could de
turned down to suitable dimensions. This would dbe the most
desirable, as the fiber is lighter. It wonld also be
desiradble to have a bail-bearing thrust to move the dise
aléng the eylinder.
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RESULT OF TEST.

Slip as moasmd by Slip as measured
Stroboscopic Method. by Slip Meter.
R.P.M. R.P.M.
28 30
19 21
12 11.5
8.2 8

The stroboscopic method was used in checking the
accuracy of the slip meter. Sectors were pesinted on the end
of the pulley of the motor under test and an arelight, com~
nected to the same generator as the motor, was used to
1lluminate the revolving ssotors. By this method the elip
was easily found for low walues,

The motor was loaded by means of a Pony Brake which
did not give a very constent loasd., For this reason the slip
varied some® during the time of reading, and this accounts for

most of the discrepaney in the results.
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