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Abstract: [ Objective] To address the difficulty in heat
dissipation of drive motors used in vacuum pumps during
actual operation and the tendency of its temperature to
exceed insulation limits under impact loads, a neural
network method is used to predict the heating of vacuum
pump drive motors. [Methods] Taking a 4. 5 kW vacuum
pump drive motor as an example, the temperature simulation
analysis of the motor under impact loads was first conducted.
The instantaneous data were classified, and a neural network
was trained using historical data to establish the mapping
relationship between the operating data and temperature of
the vacuum pump drive motor. Subsequently, a motor test
platform was constructed to conduct impact tests on the
motor. The test data were used to correct the neural network
training model. By comparing predicted temperatures with
actual measured temperatures through experiments, the
accuracy of the corrected model was validated. [ Results]
The experimental results showed that the accuracy of the
neural network model for temperature prediction was
improved after error correction. The bidirectional long short-
term memory network with error correction outperformed the
convolutional neural network and the long short-term memory
network in predicting the temperature at the stator winding

end, with a coefficient of determination reaching 0.979.
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[Conclusion] This study provides a method and a technical
approach for heating prediction of vacuum pump drive motors
under impact loads without relying on temperature sensors,
offering an algorithmic basis for the effective control of drive
motors.
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Tab.1 Basic parameters of motor

SRR ZHH
BUEYI%/ kW 4.5
HE B /Y 340
HUE LA 8.9
HIUE WA/ Ha 100
BB/ (Nom) 7.3
BUEHE/ (romin™") 5 885
Y24 E

MG B2 R AT S LA SRS L ALSE b
BT A = 4 45 40 7 B A AL BRG] 1
N

E1 EZREINEN=4EEF5E
Fig.1 Three-dimensional sectional view of

vacuum pump drive motor
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Tab.2 Losses in different components of motor

SHAFR SHUH
JEFHiFE/W 97.4
ETHHE W 66.0
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Fig.2 Sectional view of overall steady-state

temperature field of motor
Hld B2 05 EH S A R Al i, e AL A e B4
BT E FEEdhvmihAb iR 69.80 °C, IR A
— € ML R B B o i B T i S 8

3 BNEFHRARESHE
Fig.3 Temperature distribution of motor

stator windings
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Fig.4 Temperature distribution of motor

rotor windings
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Fig.5 Temperature distribution of motor stator core
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Fig. 6 Temperature distribution of motor rotor core

B7 BHEFHRABRMERE
Fig.7 Instantaneous temperature of motor

stator windings
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Fig. 8 Temperature curve of motor’s hottest spot

under different overload multiples
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Fig.9 Schematic diagram of CNN structure
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Fig. 10 Loop structure and internal structure of
LSTM network
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Fig. 11 Loop structure of BiLSTM network
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Fig. 12 Motor overload capacity test platform
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Fig. 13 Temperature curves of motor’s hottest spot under
different overload multiples in experiment and simulation
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Tab.3 Comparison of prediction evaluation indicators

using different models before error correction

" PEM AR
T
RMSE MAPE R?
CNN 1.645 0.016 0.969
LSTM 1.548 0.017 0.970
BiLISTM 1.487 0.016 0.973
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Fig. 15 Comparison of prediction results before

error correction
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Fig. 16 Comparison of prediction results of BILSTM
network before and after error correction
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