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In determining experimentally the speed-torque characteristics of fractional horsepower servomotor, accurate
measurement of small torques is necessary. The paper here describes the accurate measurement of small torques
of the order of 50 gm-cm or even less. Principle of eddy-current damping is.used on a thin metallic disec rotating in
the air-gap of an electromagnet and the reaction torque due to eddy-currents in the metallic disc is balanced with

the standard weights placed in a scale-pan.

NOMENCLATURE

a—The distance in centimetre from the centre of the spindle to the centre of the pole face.

F—TForce in.grams on the electromagnet, which acts at the centre of the pole face.

1,—The length in centimetres from the centre of the pole shoe to the pivoted point.

I,—The length of the lever arm in centimetres from the pivoted point to the point where the scale pan is

hung.
W—Weight in the scale pan.

Fig, 1—Torque measuring device,

Accurate measurement of small torques is
necessary in determining experimentally the speed-
torque characteristics of fractional h p motors. It is
possible to measure accurately small torques of the
order of 50 gm-cm to 1 gm-em or evenless by means
of an apparatus developed by author. Principle of
eddy-current damping is used on a thin metallic dise
rotating in the air gap of an electromagnet and the
reaction -torque due to eddy-currents in the metallic
dise is balanced with standard weights placed in a
scale pan.

EXPERIMENTAL PROCEDURE

The set-up used is shown in Fig. 1. A very thin
duminium or copper disc (1), whose moment of in-
ertiais about 0-05 times that of the rotor assembly,
(to minimize the loading effects on the bearing) is
mounted on the spindle (2) of the motor under test.
This disc rotates in the small air gap of electromagnet
(3). The electromagnet is screwed to a vertical rod
(4) with a knife edge (5) which rests on a knife edge
groove. A lever arm (6) is attached perpendicular
to the vertical rod which carries a scale pan (7)
in which the standard weights can be placed. A
spirit level with magnifying attachment (8) is fixed
to the vertical rod such that the spirit level remains
in the horizontal position.
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Fig. 2 —Experimental set up for obtaining the torque-slip characteristics.

As the disc rotates in the narrow air gap of the electromagnet currents are induced in the disc so that
a force is experienced by the disc in a direction opposite to that of the speed of rotation (Fig. 2). As
aresult, a reaction torque is experienced by the electromagnet, which is equal and opposite to that on
the disc.. This force tilts the electromagnet from its vertical position, which results in displacing the
bubble in the spirit level from its original position. Weights are placed in the scale pan to bring the
bubble back to its original position, thus again making the rod vertical.

The torque acting on the disc can be readily caleulated to be F X « (see Appendix 1).

Variation in the force acting on the disc is obtained (z) by varying the current in the winding of the
electromagnet and (¢4) by varying the position of the electromagnet on the surface of the disc by means
of a lead screw arrangement (9). : '

RESULTS OF OBSERVATION

" The torque-slip characteristic of a two phase
servomotor obtained with the help of this device is .
shown in Fig. 3. At lower speeds (or higher slips), the
torque-slip characteristic is almost straight. It can
be seen from the graph (Fig. 3) that the maximum
stall torque is 22°5 gm-cm. '

DISCUSSION

The following points are found very essential in
the measurement; of small torques :

TORQUE ¢ G-m - Cm)

(¢) The measuring device should not load the
spindle in which case the torque measured
; does not correspond to the real output

M ) ; )
09 08 07 06 05 04 03 torque of the motor,
sSLIP

Fig. 3—Torque-slip characteristics of 400 Hz-2-phase (2) There muSt be a'n. accurate means of
servomotor (fractional horsepower). measuring the reaction torques,
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(¢%%) The spmdle of the motor must be of non-magnetic matenal to eliminate the attra.ctlon between :
the spindle and the e et, and

(%) The weight of the movmg assambly must be a8 small a8 posslble
Care should be taken in Iiandlmg the hght dise em and off rotor sha.ft asit.is susceptlble bo da.mage.

R

APPENDIX 1

g

Wﬁen the reaction torque on the elecbromagnet is bala.need, ﬂien (see ﬁémenchture) takmg moments
yut the prvoted pomt

Wls:q‘ﬂ‘

and the torque acting on the thso isF X a.

L ACKN@WLEDGEMENTS A B

_ The author wishes to t. llg,dk-:ﬂr B. Chattef'}ee for his guidance and help, and alao the M.amstry of
Defence, Govt. of India f&:pw%'

h ﬁmmal assistance and also for pemnttmg bo pubhsh the work

. R EFER E NCE :
1. DRYSDALE, A. C. &J ot.mr, C.V.. “Electrical Measurmg Instruments Part I” (Chapman Hall Co., London), 1952,




