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Flexible braking strategy and parameter optimization for AC
excitation motors with high-inertia loads
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P. R. China)

Abstract: AC excitation motors offer advantages such as constant frequency under variable speed and decoupled
power in steady-state operation, making them suitable for applications like pumped storage and flywheel energy
storage. However, these applications demand rapid emergency braking under high-inertia loads, which traditional
mechanical braking strategies fail to meet. This study proposes a flexible braking strategy and parameter
optimization method for high-inertia AC excitation motors. First, based on rotor structural characteristics, the
strategy connects the rotor to a DC excitation source and the stator to multi-stage resistors, and derives the
equivalent braking circuit. Second, a braking parameter optimization model is established, with multi-stage

braking resistance, rotor excitation current, and resistor switching speed as variables; motor ratings and resistor
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power limits serve as constraints; and the shortest braking time is set as the objective. The model is solved using a
genetic algorithm. Finally, multi-stage resistance braking results and influencing factors are analyzed via Matlab/
Simulink simulations, and a 7 kW AC excitation motor platform is used to verify the simulations. Results show
that the proposed multi-stage flexible braking strategy effectively reduces braking time, and optimized parameters
achieve minimal braking duration while satisfying system power constraints, balancing braking efficiency and
device economy.
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Fig. 1 ACEM emergency brake control strategy
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Fig.2 Equivalent circuit of ACEM in braking procedure
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Fig.3 Equivalent circuit in dg-frame of ACEM in braking procedure
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Fig. 4 Single-phase equivalent circuit of stator in braking procedure
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Table 3 Optimized results of multi-stage braking strategy

il B 5 W R,../Q R,,./Q R,../Q o,/(rad*s")  w,/(rad*s™) k, H b5 pR &L T/s
G 0.093 1.902 314.446
S 0.140 0.032 50.265 1.902 244.469

=% 0.140 0.061 0.016 61.784 21.677 1.902 232.752




22

TR KFFR

% 49 A

A il Bl e R BH R I I R R T R 2l
FE DN BB AR AL/ T 55 F 5%, R 7E e & S50 B 45

A7 B2 ) B A e D2 i L

A f A PR 32 AR UL 32 D81 3% 0 il sl 4R B 5 i

TR S E 2S8R A, a0 AR i 3l 20 B2 Kok B 7R 8
7% J& i Sl Fi BELI T R B BCARE ), 1B HUfE 18

232 AR E A I E
5T TP B T T 1 3 20 96 W O 00 o e o B A VA I 5 TR P B4 o B
TP HH A5 L A 5 575
or or 0
300} 300 ~300
il i il
1= -600 1z -600 1z -600
S AN Y W
900} ig#ﬁgﬁi o0l mpAEERE 0 ) BB
—  RETHERE  FRTHENE
-1 200 L L L L ) -1 200 L . L L ! -1 200 L
0 100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400 5 00
AL EL i A Aw FEALAREL
(a) BGHIBh (b) PigkshIzh (c) Z&Hzh
s REMEERAESHETELE
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Fig. 6 Simulation results of speed in multi-stage braking strategy
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Table 5 Simulation and calculation results of multi-stage braking strategy
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Fig.7 Simulation results of multi-stage braking strategy
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Fig. 9 Simulation results of two-stage braking strategy
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Fig. 10 Simulation results of three-stage braking strategy
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Fig. 13 Comparison of simulation and experiment results of braking torque and speed
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