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Research has heen conducted into the effects of ''narticle size" on the core loss of soft 

magnetic materials. Various types of PM micro electric motors, which produced through solid 
hog-out stainless steel, laminated stainless steel and Metal Injection Moulding (MIM) stainless 
steel powders have been studied. The results shown that, the core loss of PM micrwmotor 
t h u g h  MIM technique is comparable with laminated core motor. 

Introduction 
In electric machines, lamination is normally used to reduce the core loss produced in the 

machine operation. However, they are limited io rectangular geometry with flux in the plane of 
the sheet, and low frequency applications [l]. 

The alternative of low loss related to the most important alternating current requirement of low 
magnetic hysteresis couple with the highest possible elechical resistance to minimize eddy 
current in a magnetic materials [2]. If the frequency of the altemating current is high, it is 
necessaq to make the silicon steel so thin that the motor core become very expensive, and it is 
difficult in fahricating the lamination to form the motor cores. Though lamination is the most 
effective way to reduce the core loss in electric machine [3], it is generally difficult to produce 
grain-oriented silicon steel sheet thinner than 160 pm by secondary recrystalliiation with 
inhibitors [4]. With MIM technique, the cost of the motor core can he reduced and the core loss 
will be controlled in acceptable level. 

Experimental Procedure 
The experiments have heen conducted in two parts. First, measured the core loss for pole piece 

rings, which produced through 430h stainless steel solid hog-out materials and MIM materials. 
Spherical stainless steel particle of 15 to 25 pm, 100 to 110 pm and 200 to 220 pm in diameter 
were used in the fabrication of pole piece rings through MIM process. Second, fabrication of PM 
micro-motors from solid hog-out materials, conventional lamination method and MIM technique, 
which with different stainless stecl particle sizes. Table 1 shows the dimensions of the PM 
micro-motor stator, which under the investigations. 

For the pole piece rings, dynamic hysteresis loops has been measured under controlled 
sinusoidal induction waveform at frequencies between 50 Hz to 300 Hz. The corresponding 
power losses were determined. 

The c m  loss for the various PM micro-motor has been measured through AI0 Tester, a motor 
tester which has heen developed in Data Storage Institute for in-house use. 

The power loss, P., consisted of hysteresis loss, P ~ ,  eddy current loss, P. and unknown loss 
factor or residual loss, P., The hysteresis loss can he measured independent of P., but it is 
impossible to obtain others separately [5 ] .  Thus p,and (pa -PJ usually heen analyzed. 

Conclusion and Discussions 
Figure 1 shown the total core loss measurement results in pole piece rings for solid hopout 

materials and MIM techniques produced materials. The resit3 &ow the hysteresis and eddy 
current losses, which produced through MIM technique is much smaller compared with solid 
hog-out materials. For MIM materials with 200 to 220 pm in diameter of powder particles shown 
less core loss compared with smaller particle sizes, which from 15 to 25 pm and 100 lo 110 pm. 

Figure 2 shown the various result through the PM micro-motor testing. The total core loss for 
such PM micro-motor produced through MIM technique with 200 to 220 pm of powder size is 
comparable with the loss of lamination PM micro motor. Hence, it is possible to produce low 
core losses PM micro motor through MlM technology. Stainless steel particles with bigger size 
in diameters will show less core losses in PM micro motor. By implementing this MIM 
technique, the cost of producing PM micm motor will be reduced drastically [6]. 

By using the Steinmetz equation [ 11, the total core loss can he expressed as, 

Where ph is the hysteresis loss and P. is the eddy current loss. 
Fmm the experimental results and mathematical analysis, the following equation can be 

Pru, = Ph + P, + eBb f 2 (1) 

obtained by using (I), 

PUS' = 'f +&if* (2) 
Table I : Dimension of Stator Motors under investigation 

1 3 . 7 8 1 ~ 1  Inner Radius 8.01mm 
2.951~1 No. of Slots 12-slots 

"g 1 " ~ ' C a o , - h l r 4 u h p i , e I l , g . ( Y e . ~ - o ~ l o ~ " ~ , ~  m *  TDll~nl...,"DY.,I.~..I....I..".D~I(.....*l.li 

References 
111 Richard M. Bozorth, Fcnamagnetism. TEEE Resr 1993. pp. 769 to 788 
[21 New Application of Mcdem Magnets, G.R. Polgreen, 1966. First Edition by MacdanalL Co. l id. ,  pg 20 
131 K.Takeda and T. Yamaguchi. REE. Trans.. vol. MAG-23, pp. 3233-3235. 1987. 
[41 J .  Hamse, R. Shimim and N. T&ahi, J.Japan Inst. Metals, vol. 34, pp. 381-383,1990. 
[5] S. Ymada and E. Otsuki, , IEEE Trans. on Magn., vol. 31. No 6 Novcmber. 
(61 The lntemarional ofpowder Mctalluqy, Vol. 32, No. 3, 1996 

0-7803-5943-7 4/00/$10.00 02000 IEEE. FS-12 

Authorized licensed use limited to: University of Shanghai For Science and Technology. Downloaded on July 13,2020 at 11:53:53 UTC from IEEE Xplore.  Restrictions apply. 


