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Problem Statement
Surface mounted Permanent Magnets Synchronous Motors (SPMSM)

Widely used in industry

Automotive Robotics Power generation

Objective : Produce torque, while minimizing current, despite saturations./
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Problem Statement

Surface-mounted permanent magnet synchronous motor (SPMSM)
modelling

di
Lf = Vg — Rig + pLwiy,
I
—+ = Vq = Rig = plwiq - péruw, (1)
é'w
p¢f’q -7/

dt
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Problem Statement

Surface-mounted permanent magnet synchronous motor (SPMSM)
modelling

di
Lﬁ = Vg — Rig + pLwiy,

— = Vq Rig — plwig — p¢rw, (1)
R
I w — )

Mainly subject to two constraints :

2 2
”qu“ = Id + Iq < /max’ (2)
2 2 2
”quH =Vy + Vq < Vmax’ (3)
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Problem Statement

SPMSM constraints

Mainly subject to two constraints :
S22, 2 2
”’dq” =g+ Iq < Imax? (4)

2_ .2 2
”quH =Vy + V Vmax’ (5)
where [.x and Vi, are the maximum acceptable current and voltage.

e /nax depends on the cooling capacity,
e Vi,ax depends on the rated voltage of the inverter and the type of
modulation
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Problem Statement

SPMSM constraints

e Voltage saturation

||qu|| = V3+ Vg < Vinaxs
A"
||qu|| < Vinax
>
Vd
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SPMSM constraints

e Voltage saturation e Current saturation
|IVagll = V3 + v < Vinaxs lidgll = i3 + g < hnax-

vV i
q A q

A ||qu|| < Vmax H’qu < hax

> >
V4 Id
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Problem Statement

SPMSM constraints

di

L—I: = Vg — Rig + pLwig,
Q= Vq Rig — pLlwiq — pérw, (6)

gw 1) fw-1;

I - ’

C/t ,D flg /

Mainly subject to two constraints :

liggll® = i3 + i3 < Fras (7)
Ivagll? = v +v3 < Vipaxs (8)
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Problem Statement

SPMSM constraints
At steady state :

if, + if, < lmax w1
(i + a(w))? + (iq + b(w))? < c(w) B
(U3 ||lqu S Imax
such that
pwer
K(w)= 2200 R
(@) = B pwl)? >
a(w) = K(w)pwlL, d
b(w) = K(w)R,
\/23 w1 < wy < w3
(@) = (ol
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Problem Statement

e Desired behavior

minimum steady state currents igqq to reach a given speed w at a
specific load torque

o Mathematical formulation :
minimize ig + ig .
id, ig
subject to
digq
dt
. 2 . .2 2
”’dq” =g+ lq < /max’

= Vdg — Ridg — pwLT idq — €qq = 0,

Ivagll? = v3 +v2 < V2.,
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SPMSM constraints

ig#

[ |
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Problem Statement
KKT optimality conditions

Experimental Validation
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Outline

KKT optimality conditions
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KKT optimality conditions

Possible cases of constraints

Active constraints | Case
None 1
Voltage 2
Current 3
Voltage and Current 4
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A general way of writing and solving the Flux Weakening problem
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Experimental Validation
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Experimental validation

Control strategy

Synchronous Machine (SM)
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Thank you for your attention
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