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Abstract:

Typically from the whole family of motors that includes AC- LT & HT, DC, LT squirrel cage & slip ring, flame proof etc., the 3 phase, LT squirrel cage induction motors are widely used in the industries unless and otherwise any special purpose applications demand for any other type of motor. Out of the total squirrel cage LT 3 phase induction motors, 95-96% of the motors are up to 15kW, 4 pole motors (covering from 63 to 160 frame sizes). 
Frame wise production of LTSC Squirrel Cage induction motor is shown in table 1 and since over 95% of the motor population fall in the range up to 15kW (+<160 frame size), this size has been identified for introduction of standards and labeling programme.

Table 1

	Frame size
	kW
	Numbers
	%

	63-132
	< 7.5
	1,933,865
	88.7

	160 
	>9.3 =18.5
	157,764
	7.2

	180-200
	>22 =37
	58,780
	2.7

	225-355
	>45 =200
	29,876
	1.4

	>=400
	>200
	74
	0

	Total
	
	2,180,359
	100


Government of India through the Energy Conservation Act formed the Bureau of Energy Efficiency with the aim to reduce energy consumption by various actions including setting of norms, audits, labeling etc. It is propagating higher standards of efficiency for various equipment and appliances. 

Performance tests
 were carried out on a sample of 2.2 and 3.7 kW motors in NABL accredited laboratory. The test results for efficiency indicated that 35% of the samples conform to EFF 2 even with out the tolerance. 36% of the samples conform to EFF 2 levels taking into account the tolerances provided in the IS. 29% of the samples did not conform to EFF 2 standards. Following testing, motors were then stripped for assessment of constructional features, and the quantity and quality (composition) of active materials (steel, copper, aluminum). Specific iron loss of stator core was measured.

The active materials represent the biggest component of motor cost, typically 45-50 %. These costs have been estimated. While there are some differences in total cost by category, the average total costs are roughly similar. The lower cost of non-electrical steel is offset by use of greater quantity of steel and use of greater amount of copper which costs about 5 times more than steel. Hence, contrary to what is generally believed, manufacture of more efficient motors will not lead to substantial increase in cost of active materials. A possible reason for this surprising finding could be that the motors may have been designed at some time in the past, and the quantity of active materials and other design aspects would have been determined based on the rates prevailing at that time. However, costs of metals have changed considerably over time, and copper prices particularly have shown a sharp upward trend, resulting in the present situation being markedly different.
Analysis of the test results indicate that for conformance to EFF 2, the non conforming manufacturers would have to modify motor design changes, manufacturing practices changes, and manufacturing equipment changes. Regional/local manufacturers would have the capability to make the required design changes (including reverse engineering) even though the result may not be the best or an optimal design. Changes in design changes would require changes in manufacturing practices, e.g. changes in dies for stamping electrical steel and lower manufacturing tolerances to ensure optimum air gap, etc. These changes will have to be made by the motor manufacturers and by their suppliers. 

The two options considered for minimum energy performance standard for motors are EFF 2 with measurement tolerance and EFF 2 without measurement tolerances level.  While the EFF 2 levels of efficiency without recourse to measurement tolerances would be a win - win situation from cost benefit analysis, to comply to this level, many motor manufacturers would have to effect material changes, and would have make design changes, jigs, dies and tools which would require more time and costs. The above was discussed in the Bureau of Energy Efficiency (BEE) meetings and it was decided that efficiency corresponding to EFF 2 level with measurement tolerances be adopted as the minimum energy performance standard for motors. The manufacturers have agreed to improve the efficiency levels to EFF 2 without measurement tolerances level and the same would be reviewed in two years time.

The test procedures and developments at International Electro technical Commission (IEC) relating to upgrading IEC 34-2 part related to measurement of efficiency and the draft IEC standard 61972 (2002-11) was discussed. Since India has about 400 small motor manufacturers it may not be feasible for immediate implementation as it involves different procedure and instruments of higher accuracy involving higher costs for setting up the test procedure. This was discussed at BEE meetings and it was consciously decided that India will go ahead with the earlier test method in the initial stages. That will allow manufacturers to get suitable equipments and experience with the new test method.

Indian manufacturers will have to carry out own R and D efforts to find out real additional load losses on their own products and ways to reduce them. Large Indian manufacturers are mentally reconciling to the position that procedures similar to IEC 61972 will have to be followed in the long run if they have to compete. This would require establishing manufacturing methods which will deliver high efficiency with lower additional losses consistently with even lower costs than present EFF 1 motor costs.
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� Source: IEEMA production statistics & AFF Fergusson survey February, 2006 





� The test and analysis for arriving at minimum energy performance for motors were carried out by PPP between GTZ, BEE, Thyssen Krupp Electrical Steel, and International Copper Promotion Council of (India).
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