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Four Quadrant Operations of DC Separately-Excited Motor by the Two Phase

Chopper System with Combined Output
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Abstract- In order to control DC motors for electric cars by chopper system, four quadrant
operations — forward powering, forward regenerative braking, reverse powering, reverse
regenerative braking — are needed. For the four quadrant operations, the separately -
excited DC motors are used in this study. The conversion of each quadrant operation has
been obtained by 1) adopting the two phase chopper system with combined output for the
armature control, and 2) the single phase chopper system for the field control.
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Fig. 1 Synthetic chopper Circuit for four quad-
rant operation.
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Fig. 2 Conduction-ratio of chopping parts in for-
ward powering.
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Fig. 3 Equivalent circuit for forward powering.
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Fig. 4 Conduction-ratio of chopping Parts and
waveforms of each Part.
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Fig. 5 Equivalent circuit of each mode.
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Fig. 6 The ripple of armature current.
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Fig. 7 Condvction-ratio of chopping parts in for-
ward regenerative braking.
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Fig. 8 Equivalent circuit for forward regenera-
tive braking.
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Fig. 9 Conduction-ratio of chopping Parts and
waveforms of each Part.
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Fig. 10 Equivalent Circuit of each mode.
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Fig. 11 Conduction-ratio of chopping parts in
reverse powering.
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Fig. 12 Equivalent circuit for revers powering.
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Fig. 13 Conduction-ratio of chopping parts in
reverse regenerative braking.
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Fig. 14 Equivalent circuit for reverse regenera-
tive braking
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‘Fig. 15 Experimental circuit.
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Fig. 16 Operating waveforms in Powering,

olt}, E HlAlo)A]E, 213 o] ZTRE T
EXF ez 7h5sie], o oo =232 5 23

244 2% ZmWAol ot FANEIXPHEF I 448 FF

A =01
A5ms Lty

'{“/.]//(T; % 3

a3 17 [EEmEEe] fERIET.
Fig. 17 Operating waveforms in regenerative
braking.
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