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Abstract: A primary segmented discontinuous linear motor
applied to the annular line transportation system is taken as
the research object. The merits of the segmented
discontinuous primary structure include cost savings, reduced
losses, and a more flexible motor system, but this structure
results in a large end force on the mover switching between
segments , which results in large thrust fluctuations during
motor operation. To solve this problem, an optimization
method combining the secondary auxiliary pole and primary
end teeth is proposed. The detent force of the motor during
no-load operation is emulated and analyzed, and the detent
force on the mover in the two cases of primary coupling and
switching between segments are compared. Firstly, the main
structural parameters of the motor are optimized, the multi-
objective response surface model is established by combining
the response surface method. Secondly, optimization is
performed by genetic algorithm, and the detent forces before
and after optimization are compared by simulation; Finally, a
test verification based on the prototype is carried out, and the

results show that the motor model with an auxiliary structure
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can effectively suppress the detent force and thrust
fluctuation.

Key words: primary segmented discontinuous linear motor;
finite element analysis; thrust fluctuation; parameter

optimization
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Fig.1 2D model of the primary segmented
discontinuous linear motor
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Tab.1 Parameters of the model of primary segmented

discontinuous linear motor
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Fig.2 Model of the cogging effect during the primary

coupling of linear motor
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Fig.3 Model of end effect during primary

coupling of linear motor
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Fig.4 Model of the cogging effect during segments

switching of linear motor
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Fig.5 Model of end effect during segments

switching of linear motor
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Fig. 6 Waveform diagram of the detent force during the

whole period of operation of linear motor
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Fig.7 Model of linear motor with adding auxiliary

structure
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of linear motor with adding auxiliary structure
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Fig. 10 Model of cogging effect during segments

switching of linear motor with adding auxiliary structure
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Fig. 11 Model of end effect during segments switching

of linear motor with adding auxiliary structure
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Fig.12 Comparison of detent force simulation before

and after adding auxiliary structure
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Fig. 18 Comparison of the primary part of the test
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Fig.20 Physical diagram of the detent force test

platform of the linear motor prototype
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Fig.21 Finite element simulation waveforms
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Fig. 22 Experimental platform test waveforms
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Fig. 23 Physical diagram of the thrust test platform of

the linear motor prototype
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before and after motor structure optimization
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A primary segmented discontinuous linear motor
applied to the annular line transportation system is
taken as the research object. The merits of the
segmented discontinuous primary structure include
cost savings, reduced losses, and a more flexible
motor system, but this structure results in a large end
force on the mover switching between segments
which results in large thrust fluctuations during motor
operation.

To solve this problem, an optimization method
combining the secondary auxiliary pole and primary
end teeth is proposed. The schematic diagram of the
2D motor model under the parameter optimization
scheme is shown in Fig.1. The detent force of the
motor during no-load operation is emulated and
analyzed, and the detent force on the mover in the
two cases of primary coupling and switching between

segments are compared.

Fig.1 Schematic diagram of the 2D motor model under

the parameter optimization scheme

Firstly, the main structural parameters of the
motor are optimized, and the response surface

method is employed to design an orthogonal

experiment for the structural parameters of the

auxiliary structure. The detent force and energy loss

of thelinear motor are taken as targets, simulating
response surface functions for achieving maximum
detent force while minimizing energy loss.

Subsequently, genetic algorithms are used to
optimize  optimal  combinations  of  structural
parameters, and the detent forces before and after
optimization are compared by simulation, the results
demonstrate that compared to before optimization,
the detent force of the linear motor is reduced by
66% and the energy loss is reduced by 65%.
Additionally, the magnetic circuit characteristics are
significantly improved within the linear motor primary
stage.

Finally, a test verification is carried out based
on the prototype, comparison of simulation and test
data before and after motor structure optimization is
shown in Tab.1. The good fit between the simulation
results and experimental data further confirms that
the proposed optimization scheme effectively suppress
the thrust fluctuation and no weakening effect on

thrust, which can better improve the operational

stability of the motor.
Tab.1 Comparison of simulation and test data before

and after motor structure optimization

Original model ~ Optimization model ~ Suppression rate

Data
Fy/N Wo/] Fy/N Wy/1 F, W,
Simulation 84 3530 24 1161 0.71 0.67
Test 82 4279 28 1498 0.66 0.65
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