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In determining experimentally the speed-torque characteristics of fractional horsepbwer 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 disc 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. 

N O M E N C L A T U R E  

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

P-Force in.gramq on the electromagneh which acts a t  the centre of the pole face. 

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

&--The length of the lever arm in centimetres from t.he pivoted point to the point where the scale pan is 
hwlg. 

W-Weight in the scale pan. 

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 t.he 
order of 50 gm-cm to 1 gm-cm or even less by means 
of an apparatus developed by author. Principle of 
eddy-current damping is used on a thin metallic disc 
rotating in the air gap of an electromagnet and the 
reaction.torque due to eddy- current,^ in the metallic 
disc is balanced with standard weights placed in a 
scale pan. 

E X P E R I M E N T A L  P R O C E D U R E  

The set-up used is shown in Fig. 1. Avery thin 
duminium or copper disc (I), whose moment of in- 
ertia is aboht 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 ran be placed. A 
spirit level with m a g w i n g  attachment (8) is fixed 
to the vertical rod such that the spirit level remains 
in the horizontal position. 

Fig. 1-Torque measuring device, 
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Fig. 2 -Experimental set up for obtaining the torque-slip characteri~tics. , 

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 (Pig. 2). As 
a result, 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 plaoed in the scale pan to bring the 
babble back to its original position, thus again making the rod vertical. 

The torque acting on the disc can be readily calculated to be P x a (see Appendix 1). 

Variation in the force acting on the disc is obtained (i) by varying the current in the winding of the 
electromagnet and (ii) by varying the position of the electromagnet on the surface of the disc by means 
of a lead smew arrangement (9). 

R E S U L T S  OF O B S E R V A T I O N  

Fig. 3-Torque-slip characteristics of 400 Hz-2-phase 
servomotor (fraotional horsepower). 
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* 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. I t  can 
ba seen from the graph (Fig. 3) that tE.e maximum 
stall torque is 22'5 gm-cm. 

D I S C U S S I O N  

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

(if The measuring device should not load the 
spindle in which case the torque measured 
does not correspond to the real output 
torque of the motor, 

(ii) There must be an accurate means of 
measuring the reaction torques, 
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(iii) The spindle of the motes must be of non-magnetio material to eliminate the attraction between 
the spipdue and the eledbnrmsgnet, . <"A and j .I 

' * 
6 " 1-9. - 

@*@ d*-&. . ?! (W) The weight of the moving wembly must lbe as s d  ss possible. 
- L 

flare &ould be takeii in tiandling the light disc w and off rotor ahaft as it is susceptible to damage. 
. 
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**% ? a,@,* .*:Wfien the reaction torque on the electromagnet is balansred, W n  (see.&&mt?mWre) taking m~ments ,; :- 
I ;.&@%it the pivoted point, 

t v ~ ~  * 2, h, * 

R = ( + )  I ~ ~ W U , - - & .  .. I 

-:*+ . " and the toque wtjng on t;b,e disa .is P x a. 
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