Comparing various commutation schemes for a sinusoidal motor

For all these cases, assume the individual winding back-EMF’s to be of the form:

ex=k,0sin(6)
g5 =kOsin(6+120)
gc =kdsin(6+ 240)
And the individual winding torques are given by:
T, =ki,sin(9)
T, = kig sin(6 + 120)
T, = ki sin(6+ 240)

Sinusoidal Commutation with a sinusoidal motor

Assume the three winding currents are given by:
i,=1sin(9)
ip =1 sin(6+120)
ic =1sin(6+240)

The individual winding torques are then given by:
T, =ki,sin’(9)
T, = ki sin* (6 +120)
T, = kiic sin’ (6 + 240)

The total torque produced is the sum of these three:

T=T,+T; +T;

— k| [sin2(0)+ sirF(9+ 12(9)+ siﬁ(9+ 24@]
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where we’ve used the identity:
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sin’ (0) + sir? (6 + 120)+ sif(6+ 248) = >

Rewriting the torque again:
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Constant-Current Trapezoidal Commutation
With this scheme, the winding currents are of the form:

Hy 30° <6 < 150

i,=40 ; 150<H< 210 ,330<0< 3K (1.16)
—iy 210 <0 < 330
Hy ~90° <6 < 3¢

ip=40 ; 30<0<90 ,2160<0< 270 (1.17)
iy o <6 < 210
Hy o 150 <6 < 2760

i.=40 ; 9P<H<150 ,270<0< 33 (1.18)
iy —30° <0< 9F

The average torque produced over one of the six commutation states is given by:
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Note that brushless DC motors are normally marketed with the assumption of being driven using
trapezoidal commutation. For this reason, motor datasheets specify an “average” torque constant

which is related to K by:

~ 3
k = i k. (1.20)
T
Rewriting the average motor torque in terms of each of these torque constants:
T =—Kk|i, =ki, (1.21)
T




Constant-Voltage Trapezoidal Commutation

With this scheme, the winding currents in one of the six commutation states are of the form:
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= k,6+/3 sin{9+ tan® (_T;ﬂ
=k 6+/3sin(0 - 30)

Plugging this into ...
 V,—kd/3sin(6- 30)
Ig =

Rpfp
From 90 degrees to 150 degrees:




Pluggingin...
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Relating the Different Commutation Methods

We can use (average) total output torque to compare these three schemes. Equating torque for the first
two schemes, we determine the equivalent constant-current trapezoidal current, iO, in terms of the
sinusoidal commutation current, | :
3\/?3kt| . T
KI = =——| (1.22)
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