1 PMSM Maximum Torque per Current

The torque of a PMSM is given by:
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For the case of an SPMSM we have Ly = Lg, in case of an IPMSM we have Ly < Lq. The given torque equation includes
both cases.
To maximize efficiency of the PMSM, the total current is =  /i? + ig is to be minimized for a given torque reference 7.

This task can be formulated as an optimization problem with a binding constraint:

min g
st.T=T"

It can be solved via the method of Lagrange multipliers:
E(idvilh )\) = 23 + )‘(T - T*)v

) ) 3 N «
=3+ + )\(§p(¢p + (Lg — Ly)iq)ig — T%).

o) 9 o)
57 o 37| . . 57 3 N o !
[?] L(iq,iq, A) = [? (13 + zg) + ? )\(gp(i/}p + (Lg — Lg)ia)ig —T*) =0
iy 3 [ (Lqg—Ly)i
& ==Xz v
[QZJ 2" [7/’10 + (La — Lq)ia
Tt 3 1
& [ (Ldgzﬁqﬁq ] = —)\Ep [J (equate first and second row)
’l/Jp"‘(Ld_Lq)id
- 2 _ %
(Lq — Lq)lq Yp + (Lg — Lq)ld
<~ Vpia + (La — Lq)iﬁ = (La — Lq)ig
9 .2 Yp
<~ g — ’Lq + ﬁld =0

All operation points that maximize torque per current will satisfy this equation, it is therefore called the MTPC curve
(maximum torque per current). In order to determine the maximum achievable torque we assume operation at the nominal
current limit i5 = 4,,.
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Under the assumption of Ly < L, we can see that the current is minimized if the ,minus® solution for ig is used. Thus, 44

is given by:
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Consequently, the maximum achievable torque at nominal current is given by:
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Analysing these equation for the case of surface mounted magnets (Lg = L), we get:
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The given optimal currents can then be used to calculate the maximum torque (or nominal torque):
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