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Abstract: The stator winding of the asynchronous motor used in electric vehicles has a fixed number of
poles, resulting in poor low-speed traction capability, limited speed variation, and power range. To
achieve a larger gear ratio, most electric vehicles use multi-stage planetary gear transmission,
leading to bulky reducer sizes. In this paper, taking a certain type of SUV passenger car as the

research background, a novel principle system for electric vehicle drive transmission is proposed,
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which combines a variable-pole alternating current three-phase asynchronous motor with a duplex
planetary gear system. The reduction ratio and structural scheme of the duplex planetary gear
system are theoretically calculated, and the dynamic model of the combination of the variable-pole
motor and duplex planetary gear system. as well as the new theory of variable-pole motor design,
are established. The efficiency maps of the motor under different pole numbers are simulated and
different control modes of the variable-pole motor under different operating conditions are
proposed for optimal control. A variable-pole motor and duplex planetary gear system mechanical
structure assembly with a rated power of 59 kW and rated speeds of 4 000 and 8 000 r/min
respectively are designed, manufactured, installed, and debugged, along with a computer test
platform. Variable-pole switching tests, incremental speed regulation tests, and decremental
speed regulation tests are carried out. The research results demonstrate that the novel principle
system can achieve a powertrain with a reduction ratio of 10, which is more compact in structure
and has a wider speed range, thus confirming the validity of this new drive transmission principle.

Keywords: electric passenger car; variable-pole alternating current asynchronous motor; duplex

planetary gear reducer; dynamic modeling; control mode
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Table 1 Compact pure electric SUV model parameters
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Fig. 1 Single motor dual mode drive transmission new mode

schematic
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Fig. 2 Single motor drive system equivalent model
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Fig. 3 Schematic of vehicle longitudinal dynamics model
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Table 2 Vehicle parameters
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Table 3 The basic parameters of motor design selection
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Fig. 7 Effect of the number of rotor slots on torque

fluctuation
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Table 4 Rated parameters of pole-changing motor
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pole-pairs
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Fig. 13 Speed response under Y connection
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