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Time Sharing Four-Quadrant Operation of DC Motors with Boost Chopper
Takuya Kawamura*, Toshihiko Noguchi, (Shizuoka University)

This paper presents a newly designed chopper circuit and its operation characteristics, which can drive multiple DC motors at

the same time on the basis of a time sharing operation. By employing this method, the switching device count of the chopper

can be reduced as more DC motors are used. The operation characteristics of the proposed circuit are examined through some

experimental tests as well as computer simulations. As a result, it is clarified that the proposed technique achieves an

independent and simultaneous drive of the multiple DC motors.
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Fig. 1. Conventional four-quadrant H-bridge chopper
for DC motors.

V=24V

2 B HIURIRT 2 v 3
Fig. 2. Time sharing four-quadrant chopper for DC motors.
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Fig. 3. Proposed time sharing four-quadrant chopper for DC motors
incorporating voltage boost function.
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Fig. 5. Operation waveforms and current paths

in forward-forward operation.
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in forward-backward operation.
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Fig. 7. Operation waveforms and current paths

in backward-backward operation.
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Fig. 8. Test motors of experimental setup.
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Table 1. Electric parameters of power circuit.

Power supply voltage 24V
Switching frequency (Q1, Q2 Q3 Q4) 10 kHz
Switching frequency (Qp, Q) 1 kHz
Capacitor C 4000 uF
Inductor Ls 50 mH
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Table 2. Specifications of ML and MR.

Rated voltage 24V
Rated current 53A
Rated power 0 W
Rated speed 2750 r/min
Rated torque 0.32 Nm
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Table 3. Rotational direction and operation duty cycle

of motors.
Motors rotation Switching duty cycle| figure No.
(ML - MR) (ML - MR)
Simulation forward - forward 80 % - 50 % 9
no load forward - backward 80 % - 50 % 10
backward - backward 80 % - 50 % 11
Experimental @ forward - forward 80 % - 50 % 9
no load forward - backward 80 % - 50 % 10
backward - backward 80 % - 50 % 11
Experimental @ forward - forward 80 % - 50 % 12
100 % torque forward - backward 80 % - 50 % 13
backward - backward 80 % - 50 % 14
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Fig. 9. Simulation (left) and experimental (right) waveforms in forward (80 %) —forward (50 %) no load operation.
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Fig. 10. Simulation (left) and experimental (right) waveforms in forward (80 %) —backward (50 %) no load operation.
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Fig. 11. Simulation (left) and experimental (right) waveforms in backward (80 %) —backward (50 %) no load operation.
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—backward (50 %) full load operation.
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