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Hybrid stepper molors are used in space, military and industrial applications. The design of the
hybrid stepper motor for achieving a specific performance necessitates the choice of appropriate
tooth-geometry. In this paper, a detailed account of the results of 2-D and 3-D Finite Element
(FE) analyses, conducted with different tooth-width/tooth-pitch ratios (tfk) and also with various
tooth/slot shapes such as rectangular, trapezoidal, triangular and circular, is presented.

2-D FE Analysis of Tooth-Geometry
A2-D FE analysis has been carried out on a magnetic circuit having a doubly slotted structure
with equal X, and with t/X=0.4, and h/X=0.5. Cobalt-iron alloy (4SCo-48Fc-2V). having BS!lt=2.35
T, has been considered as the soft magnetic material, and the samarium-cobalt (SmCos), having
(BH)n,ax=20 MGOe, has been considered as the permanent magnet. The ratio of flux density in
teeth for aligned condition to that for unaligned condition along with the absolute value of
average flux density has been used as the figure of merit for comparison of different tooth-
geometries, as the magnetic energy stored and released during teeth aligned and unaligned
conditions depend on these flux densities [1J. It is observed that the rectangular toolh/slot shape
is belter than other shapes with respect to torque density. Also the best results are obtained when
l/X is kepi between 0.38 and 0.4. Optimum slot depth is observed to be 0.5 X.

3-D FE Analysis of Hybrid Stepper Molor-Module
A typical 1.8° hybrid stepper motor has been designed using the conventional design procedure
12J. in which the l(X ratios for the stator and rotor are selected as 0.4, and slot shape has been
rectangular. It is a 2-phasc, bipolar, 8-polc motor, with 50 teeth on rotor, and 5 teeth on each
pole. Airgap has been 0. lmm. The motor is designed to deliver a holding torque of 0.5 Nm ai 28
V dc. In 3-D FE analysis, the motor design is tuned to reduce mass and volume. After several
trials, an optimum motor geometry is achieved, in which the axial length of the motor has come
down hy 20%. from the conventional design. 3-D FE analysis is carried out with different tooth-
geometries. For a case with equal t and X on both stator and rotor, the detent torque peaks at
t/A=0.5, and is of the order of 10% of the fundamental static torque (i,c, Th/T(1=10). At tA=0.4,
the detent torque is of the order of 7% of the fundamental static torque (i.e., T|/T(|=14.3).
Therefore the holding torque (fundamental of static torque) peaks at tA=0.4, and detent torque
increases with tA ratio. For another case with equal t but different % on stator and rotor, holding
torque peaks at t/)_=0.38, and it's value in this example is 0.48 Nm, against the maximum value
of 0.5 Nm in the previous case. The detent torque peaks at t/X^=0.5. and is of the order of 8% of

holding torque (i.e., 1\f\\\=\2.5). At t/X^O.38. detent torque is of the order of 5% of holding
torque (i.e.. '\'JYd=20). Therefore, the holding torque peaks at t/^-0.38, when t/X,=0.4. The first
case of equal t and X provides more detent torque and better stiffness. But the static torque profile
is not very smooth, and small dips arc seen on the torque profile, thereby reducing (he effective
dynamic torque capability. Whereas the .second case of equal tooth-width, but different tooth-
pitch, provides less detent torque, moderate stiffness and a smooth static torque profile.

Development and Testing
Two hybrid stepper motors; Motor-1: 1.8", 0.5 Nm with t/X=0.38 for stator and 0.4 for rotor,
equal t and Motor-2: 0.5 . 1 Nm with l/X =0.5 and ol'cqual 1 have been designed and developed.
Fig. 1 & 2 show the measured static and detent torque characteristics of molors. The fundamental
holding torques are found to be 0.49 and 1.05 Nm respectively for motor-1 & motor-2, against
the designed values of 0.5 Nm and I Nm. The detent torques of motors, are 0.03 Nm and 0,084
Nm against the e\pcctcd values of 0.0275 Nm and 0.09 Nm, respectively for motor-1 and 2. It is
observed that tor motor-1. having equal tooth-width, but different tooth-pitch on stator and rotor.
the static torque profile is smooth, because of less harmonic torques present in it.

Conclusions
The rectangular tooth/slot shape is better with respect to torque density. The best results are
obtained when ifk lies between 0.38 and 0.4. The use of equal tooth-pitch on .stator and rotor
structures provide nearly 10% more torque than the case with unequal tooth-pitch, hut with
corresponding increase in detent torque. For the requirements of maximum torque density, high
detent torque and better positional accuracy, equal pitch slotting with equal tooth widths has to
be adopted. Instead, for maximum torque density, less detent torque, better positional accuracy
and .smooth static torque profile, different pitch slotting with equal tooth width has to be
provided. The above results are verified for two stepper motors, one having equal ifk of 0.5 and
the other having different t/X ratios of 0.38 and 0,4 in stator and rotor respectively.

Fig.2 Measured Malic torque of 0.5" motor
at 35 V dc

Fig. 1 Measured static torq Je of 1.8° motor
at2»Vdc
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