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Fig. 6. The torque-speed characteristic for the brushless dc motor. 

current vs. phase inductance below base speed, the energy 
conversion cycle, and the achievable torque, respectively. 
While the total torque appears to be high in ripple, the 
ripple is a result of phase overlap. A certain amount of cur- 
rent shaping during phase overlap can achieve satisfactory 
torque performance. 

Brushless DC Evaluation 
A 3-phase BLDC motor was designed for this application 
as well. An important difference between the SRM and 
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BLDC motors is their behavior at high speeds. The SRM is 
reasonably good at behaving as a constant power motor 
above base speed. The BLDC motor, on the other hand, 
often loses power output capability rapidly as the speed 
increases. As a result, the design must carefully evaluate 
points beyond base speed to make sure they fall within 
the actual torque speed envelope of the motor. Fig. 6 
shows the torque speed curve for the BLDC motor de- 
signed here. 

Notice that the base speed (point where torque demon- 
strates a rapid drop from 7 Nm) is extended out to more 
than 2,000 rpm. This is necessary to ensure the motor meets 
the no-load speed requirement and 3 Nm can be achieved 
at 3,170 rpm. The BLDC motor and SRMs considered here 
have the same active stack length and outer diameters. Per- 
formance was evaluated at the same points as demonstrated 
on the SRM to provide some basis for comparison. Table 3 
summarizes the points. 

The most noticeable difference between the two mo- 
tors is the required phase current to produce the required 
torque. The back EMF created by the permanent magnet 
limits the ability to shape phase currents. To improve 
high-speed performance, this BLDC motor is designed 
with a full slot skew that produces back EMF waveforms 
that are nearly sinusoidal. As a result, the inverter will ex- 
cite the motor with %phase sinusoidal currents. Fig. 7 
shows a sample of these phase currents. Fig 8. shows the 
resulting torque. 

Continued on page 33 

Table 3. BLDCmotor performance at selected operating points. 
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Fig. 7. Sinusoidalphase currents for the design BLDC motor at 500 rpm. 

Fig.8. Resulting torque for a sinusoidally excited BLDC motor. 
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Continued from page 30 

The previous sections suggest that the SRM and the BLDC 
motors can provide comparable electromagnetic perfor- 
mance over the intended duty of the motor. However, dif- 
ferences in motor control and the cost of the electronics 
must be considered in cost-sensitive applications. It would 
appear at the outset that the BLDC has an advantage over 
the SRM because of the lower number of phases. Consid- 
eration of the currents that must be supported by the 
switches shows that the BLDC inverter would be signifi- 
cantly more expensive than the SRM inverter: the BLDC 
motor has six switches that must support 325A while the 
SRM has eight switches that must support 140A. Even tak- 
ing into account the penalty for discrete diodes in the SRM 
inverter, the SRM inverter would require less silicon than 
the BLDC. This is before consideration of any one of a 
number of SRM inverter topologies that support opera- 
tion with five controllable switches (the number of phases 
plus one). Inverter costs favor the SRM. 

Manufacturing costs favor the SRM. The BLDC design 
is based on using rare earth NdFeB permanent magnets 
that are expensive relative to steel. Use of a lower quality 
magnet will exacerbate the current requirements. Perfor- 
mance of any magnet is a concern with the BLDC motor, 
particularly in an automotive environment where extreme 
ambient temperatures cause variation in magnet strength. 
The SRM uses a smaller air gap than the BLDC motor; how- 
ever, the cost of the magnet compensates for this. 

Relative to motor and inverter cost considerations, the 
SRM appears to have an advantage over the BLDC motor 
in this application. However, the SRM is not better than 
the BLDC motor in all applications. Each application de- 
mands careful matching of the electromechanical require- 
ments to the inherent characteristics of the electric motor. 
The best match between motor and load characteristics will 
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generally yield the lowest cost drive. 
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