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Motivation and problem formulation

Reluctance synchronous machine (RSM): A viable alternative?

Technische Universitat Miinchen THHH H\

100%

== 'R Rotor
mm Other
'R Stator
Traditional IE2 induction motor 1E4 SynRM motor Losses
http://www.abb.com
advantages [1-3]: disadvantages:
= (very) cheap = power factor
= high efficiency feasible (IE4) = highly nonlinear
= high power density and = inverter necessary
torque-per-volume ratio = (nonlinear control and good
= sensorless control feasible system knowledge necessary)
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Motivation and problem formulation
Flux linkage in the RSM
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Motivation and problem formulation

Control objective: Current reference tracking with prescribed transient accuracy

ub(0) = Rk (0 + 0t E0) +an || w0 (1)
;_::]___/
eatt) = G| 5pat 0TIV D) - mt) - (ran(t) + @) ] @
loads friction

machine torque

¥ [Wh]

i [A] id [A] il [A] il [A]
(a) d-flux linkage (b) g-flux linkage

— Current tracking control without any system knowledge feasible?
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Structural system properties of the RSM

Derivation of the nonlinear current dynamics

= To be derived: Nonlinear current dynamics
ity =... (3)
= Given: Stator voltage equation
wl(t) = Rl () + ot (i) + wp()TYL (1), 9L(6(0) = 9y

Assumption 1

Flux linkage " [Wb]” is a continuously differentiable function of the stator
currents i* [A], i.e.

Po: RP—R% i —pi(E) A ¢l() e CH(R%R?) (4)
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Structural system properties of the RSM

Inductance matrix

Definition 1

Inductance matrix L* [H]**? is defined by

oy (z ) 99 (i)

P LGNl O U R | ok (k) -
SUST Lty paah) ouls) vl ok |,
Oig 0id "'f g
= symmetric [4]:
vil e R”: L)) = LEGEHT < L{(if) = L)) (6)

= positive definite [4]:

Vik e R?: LFGE) >0 « L96F) >0, L9965 > 0, det(L5 (%)) > 0 (7)
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Structural system propertles of the RSM

oY 1,3],‘1 O/ .09
Nonlinear inductances LY := “3 L= 20 1o ‘j,’g = Wd = L4
Oig Jig dig

= 04 =
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Structural system properties of the RSM

Generic model with nonlinear current dynamics

Time derivatives of the flux linkage are given by:

k/-k
4k (ik (1)) = Wiisw © Lk (1) Lik (1) ®)

Inserting (8) into (1) yields nonlinear current dynamics:

Lib(e) = LEEE®D) 7 [uk(t) - Rak(t) - w0 T9E ()]
Swp(t) = B[ dpib) Tk (EE®) - mi(t) — (o) + Bu) ) | | ©

machine torque loads friction

with system properties (see Remark IV.1):
= 2-input 2-output system with vector relative degree one!
= BIBO stable internal dynamics, i.e. i*(-) € £ A my(-) € L7 = w,(-) € L”
= input saturation, i.e. [|ul ()| <@ := Y= forall t > 0
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Current Pl-funnel control with anti-windup for RSMs

Funnel control: Tracking with prescribed transient accuracy

A(0)

lle(o) 1l 1\/ A() = 0FA()

1 VAR NN

t time [s]

performance funnel Fx

Controller (applicable if feasibility condition & > ., holds, see Theorem 1V.2):

[ue(®) = ke = [le@®] <A®) (FC,)

where
= e(t)

(e2(t), ed()" = 68 per(t) — 35 (2)
1

1
" HO = 3H el A0
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Current Pl-funnel control with anti-windup for RSMs

PI-funnel control with anti-windup

P sat;
e U k

k
u.
‘FCik ,_\us,ref s
s /
g {

Y =

560 = ki L (600 + hyue ) ue).  £0) =& e R (P
'u's,ref(t) = £(t> + kp 'u’fc(t>7 Where kp > O’ kl = 0.

= £(-) acts as bounded input disturbance (see Lemma 1ll.1)
= PI-like extension for steady state accuracy
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Current Pl-funnel control with anti-windup for RSMs

Control-loop and implementation

Park Clarke .
Pl-funnel trafo. trafo. VSl nonlinear SM
controller

PWM power elect

stator

s, ref dq s ref af Uy ot T T usabc Win
, % suayiinpymedEss q

¢ = S pwm dt +
dg i [aB

controller implementation oB abc

Realistic modeling:
= three-phase machine

= pulse width modulation (PWM) and switching behavior of voltage source
inverter (VSI)

= Park-/Clarke transformation
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Current Pl-funnel control with anti-windup for RSMs

Simulation results (1.1 kW RSM): FC, —— FC+Pl and —— FC+PI*"
4 T T T T ,
llell [A] 2 1
\
0 w‘r\_ y i P, | P TN e N
1500 T T T T T
1000 : 3
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500 =
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it [A]
0.05 01 015 0.2 0% 0.3
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Current Pl-funnel control with anti-windup for RSMs

Simulation results (1.1 kW RSM): FC, —— FC+Pl and —— FC+PI*"
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Conclusion

To take home:

Current Pl-funnel control with anti-windup for synchronous machines ...
= is simple

= is robust (no system knowledge is required)
= achieves steady state accuracy

Next step: Real-time implementation and measurements ...
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