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A Study on The Improvement of Commutation Circuit for DC Chopper

C.J. Noh, ].5.0h

Abstract

This paper treats the analytical and experimental studies on the improvement of
commutating circuit using a DC chopper circuit for the speed control of DC motor. A simple
circuit composed of R,L, and C elements is proposed here for switching off power SCR
carrying the load current. The real important in this chopper circuit is to determine the
reasonable values of commutating circuit constants.

In this paper, the reasonable values of the commutating circuit constants are basically
determined on a view point of commutating performances in the given circuit model and must
satisfy the following conditions. The first, the peak commutating current should be larger
than the anticipated maximum load current. The second, the circuit turn-off time (tc) must be
longer than the SCR turn-off time (tq). The third, the resistor should be enough large to permit
the current to be neglected in the analysis of the commutation citrcuit, as well as be enough
small to permit to charge the capacity voltage (Ec) to the half the value of source voltage (E)
before the next commutation cycle is initiated. The last, the period of chopping signal must
be the least possible multiple of the damping vibration period of commutating circuit.

The improved chopper circuit used in the experiment under unloaded condition was
composed to meet the reasonable conditions mentioned above, and a successful commuting
performance was achieved without failure.

Several types of microprocessor having a different value of CPU speed individually have
been applied to the experiment under the loaded conditions. Also it shows that the faster the
speed of CPU is, the more stable the commutation turns out.

D. : Commutating Diode

ECoR AR EA D; : Free Wheeling Diode
E ! Supply Voltage
C : Commutating Capacitor E.  Motor Armature Voltage
D, : Aux. Diode E; ! Field Excitation Voltage
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Es : Motor Counter EMF
I, : Load Current
I, . Field Current
I,  Max. Commutating Current
Imax . Max. Motor Current
Inin © Min. Motor Current
ia . Motor Current
ic  Commutating Current
iee . Commutating Diode Current
iqr . Free Wheeling Diode Current
iga . Commutating SCR Gate Pulse Current
ige . Power SCR Gate pulse current
isp : Power SCR Current
K. : DC Machine Constant
L : Reactor
L.  Motor Armature Circuit Inductance
L. : Commutating Inductance
L, : Smoothing Reactor
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N  Motor Speed

R Resistance

R. : Motor Armature Circuit Resistance
S,  Commutating SCR

S  Power SCR

T : Time Period

Torr - Off-Time of a Chopper

Ton : On-Time of a Chopper

te : Circuit Turn-Off Time

tqy . SCR Turn-Off Time

Vg: . Free Wheeling Diode Voltage
Vs . Power SCR Voltage

W ! Energy

a  Duty Ratio of a Chopper

®  Flux per Pole

@ . Angular Frequency

r ! Time Constant
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Fig.2.1 Power Circuit for the Speed Control of a
Separately Excited DC Motor.
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Fig.2.3 Current- Commutated Chopper Waveforms
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Motor Qutput : 0, 5kW R.P.M 2000
Voltage : 110V Full load Current : 6, 5A
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a. Gate Circuit output Signal b. Armature Current

¢. Armature Voltage (a =25) d. Armature Voltage (a=75)

e. Dc Current of unloaded f. D¢ Current of loaded
Condition Condition

Fig.4.1 Signal, Current and Voltage Waves
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