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Motivation

Conventional field-oriented control (FOC) of induction machines (IMs)
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Motivation

lllustration of optimal feedforward torque control (OFTC) problem for IMs
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Motivation

Proposed field-oriented control (FOC) with OFTC of IMs in unique & reproducable reference frame
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Outline

Nonlinear modelling
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Nonlinear modelling

Equivalent electrical circuit diagram and governing equations
Dynamical system:
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Outline

Machine identification
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Machine identification

Identification goals

Goals:
= Stator flux linkage maps (%", 9, wy, ()
= Machine torque maps m,, (i%%, 9., wy, (6p))

= Iron resistance maps R.%, (i, 9, w,, (¢,))

Efficiency maps (i<, v, wp, (¢;))
OFTC look-up tables (LUTs) E a (zs s Vs, wp, (¢0)) and L‘, 7 (zs Vs, Wy, ()
(fore.g. M e {MTPC, MTPL, . } to be able to compare the dlfferent strategies)
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Machine identification

Identification procedure

while guaranteeing with prime mover a constant asynchronous electrical frequency, i.e.
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Machine identification

Temperature control guaranteeing an almost constant ¥, = Ry () = Ry o [1 + (I — V5,9)] = const.
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Machine identification

Flux linkage maps at w;, = 0.5w, i
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Machine identification

Torque maps at w,, = 0.5w,, i using i) = i%(ifq)TJEfq (avg.) and m? = ilg(ifq)Twaq (w/o iron current)
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Machine identification

Iron resistance maps at w;, € {0.5, 0.6, 0.7} - w, g
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Machine identification
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Machine identification

OFTC LUTs d;fl and £} for M {MTPL, MTPC, CF, V/Hz}, w;, € [0.1,1.5] - wp, g and my, yer € [0,1] -y m
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{e) MTPL g-current.

(f) MTPC g-current.
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Outline

Implementation results
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Implementation results

Comparison of different OFTC strategies
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Implementation results

Comparison of different OFTC strategies
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Conclusion
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Conclusion

Summary and future work

To take home
= Nonlinear transformer-like IM model

o in unigue & reproducible reference (no parameter uncertainties),
o iron losses (in stator) considered,
o current, temperature, angle and speed dependencies in flux, resistance(s), etc. admissible

= Generic machine identification
- Stator flux linkage maps 2% (i, 9, w,, (¢p))
o Machine torque mapSm (idq Wi, (¢p))
o lron resistance maps RS Fe( < ,m,wp, (9p))

- Efficiency maps n(it?, 9, wy, (¢p))
o OFTC look-up tables (LUTS) Yoy i (829, 9, wy, (¢p)) and L) a f(‘§q71957wp, (¢p))
ref re

(fore.g. M € {MTPC, MTPL, CF V/Hz} to be able to compare the different strategies)
Future work
= dynamic machine identification (e.g. also rotor flux linkages)
= consideration of rotor iron losses
= combination with minimization of conduction and switching losses
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Abstract—A novel but simple machine map based modeling,
identification and optimal feedforward torque control (OFTC)
approach for inducti hines (IMs) is pr d. It is based on
(i) a generic, nonlinear transformer-like machine model consider-
ing li flux link (with tic saturation and cross-
coupling) and iron losses in the stator laminations in a novel,
arbitrarily rotating but unique, robust & reproducible (d,q)-
reference frame; (ii) a holistic machine identification procedure
which evaluates steady-state measurements over a grid of (d, )
stator currents and produces temperature and frequency depen-
dent machine maps for e.g. flux linkages, torque, iron resistance
and efficiency; and (iii) a numerical offline optimization and
extraction of different OFTC look-up tables (LUTS) for optimal
current reference generation depending on reference torque and
electrical frequency (and temperature). During the identification,
stator winding temperature and electrical stator frequency of the
TM are kent constant hv an intelligent temnerature and sneed
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9p & wy d%(j)p:]l;'ark transformation angle and angular
velocity; J:= [] o }: rotation matrix (by 7).

I. MOTIVATION AND CONTRIBUTIONS

Maximum efficiency operation (or loss minimizing control)
of induction machines has been subject to extensive research
in the past. In contrast to LUT-based direct torque control (see
e.g. [1]), for vector control, two main approaches are typically
distinguished: (i) Offline calculation of optimal references
(e.g. [2-4]) or (ii) search-based online techniques (e.g. [5-8]).

The objective is to compute optimal reference currents
(set points) for a given reference torque while complying
with physical constraints (e.g. current & voltage limits) and
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