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Motivation and problem formulation
Reluctance synchronous machine (RSM): A viable alternative?

http://www.abb.com

advantages [1–3]:

‚ (very) cheap

‚ high efficiency feasible (IE4)

‚ high power density and

torque-per-volume ratio

‚ sensorless control feasible

disadvantages:

‚ power factor

‚ highly nonlinear

‚ inverter necessary

‚ (nonlinear control and good

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
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(b) q-flux linkage

Ñ 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

d

dt
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s ptq “ . . . (3)

‚ Given: Stator voltage equation
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Assumption 1

Flux linkage ψ
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s rWbs2 is a continuously differentiable function of the stator

currents i
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s rAs2, i.e.
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Structural system properties of the RSM
Inductance matrix

Definition 1

Inductance matrix L
k
s rHs2ˆ2

is defined by
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‚ symmetric [4]:
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Structural system properties of the RSM

Nonlinear inductances L
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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:
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Inserting (8) into (1) yields nonlinear current dynamics:
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with system properties (see Remark IV.1):

‚ 2-input 2-output system with vector relative degree one!

‚ BIBO stable internal dynamics, i.e. i
k
s p¨q P L8 ^ mlp¨q P L8 ñ ωkp¨q P L8

‚ input saturation, i.e. ‖uks ptq‖ ď pu :“ udc

2
for all t ě 0
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Current PI-funnel control with anti-windup for RSMs
Funnel control: Tracking with prescribed transient accuracy

‖ep¨q‖

‖ep0q‖
Λp¨q “ BFΛp¨q

Λp0q

‖eptq‖

Λptq

λ

t

performance funnel FΛ

time rss

Controller (applicable if feasibility condition pu ě pufeas holds, see Theorem IV.2):

ufcptq “ kptqeptq ùñ ‖eptq‖ ă Λptq (FC
i
k
s

)

where

‚ eptq “ pedsptq, eqsptqqJ “ i
k
s,refptq ´ iks ptq

‚ kptq “
1

Λptq ´ ‖eptq‖
ě

1

Λptq
and ‖eptq‖ “

b
e
d
sptq2 ` e

q
sptq

2

16.12.2015 “Current PI-funnel control with anti-windup for RSMs”, C. Hackl 10/16



Munich School of Engineering Technische Universität München

Current PI-funnel control with anti-windup for RSMs
PI-funnel control with anti-windup
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ùñ ξp¨q acts as bounded input disturbance (see Lemma III.1)

ùñ PI-like extension for steady state accuracy
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Current PI-funnel control with anti-windup for RSMs
Control-loop and implementation
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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 PI-funnel control with anti-windup for RSMs
Simulation results (1.1 kW RSM): FC, FC+PI and FC+PI
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Current PI-funnel control with anti-windup for RSMs
Simulation results (1.1 kW RSM): FC, FC+PI and FC+PI
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Conclusion

To take home:

Current PI-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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