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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 switch-
ing off power SCR carryving the load current, The real impor-
tant in this chopper circuit is to determine the reasonable
values of commutating circult constants.

In this paper, the reasonable values of the commutating ci-
rcuit 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 commuta-
ting 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 re-
sistor should be enough large to permit the current to be ne-
glected in the analysis of the commutation circuit, as well
as be enough small to permit to charyge 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 condi-
tions mentioned above, and a successful commutating performa-

nce was acheived without failure.
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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.
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C : Commutating Capacitor

Dy : Aux. Diode

D, : Commutating Diode

Dy . Free Wheeling Diode

E : Supply Voltage

E. : Motor Armature Voltage
E¢ . Field Excitiation Voltage
Eg : Motor Back EMF

I : Load Current

Is . Field Current

Im > Max, Commutating Current
Imax Max. Motor Current

Imin  : Min. Motor Current

1a : Motor Current

lc . Commutating Current

lde : Commutating Diode Current

1af . Free Wheeling Diode Current

iga . Commutating SCR Gate Pulse Current
1gp : Power SCR Gate pulse Current
isp . Power SCR Current

Ka . DC Machine Constant
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L‘ : Reactor

L. : Motor Armature Circuit Inductance
Le : Commutating Inductance

L, : Smoothing Reactor

N : Motor Speed

R . Resistance

R. : Motor Armature Circuit Resistance
Sa : Commutating SCR

Se . Power SCR

T : Time Period

Tot¢ . Off-Time of a Chopper

Ton : On-Time of a Chopper
te : Circuit Turn-Off Time
tq : SCR Turn-Off Time

Vas¢ . Free Wheeling Diode Voltage

Vep . Power SCR Voltage

w . Energy

a : Duty Ratio of a Chopper
(1) : Flux per Pole

w : Angular Frequency

T : Time Constant
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Fig.2.l Power Circuit for the Speed Control of a
Separately Excited DC Motor.
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Fig.2.2 Chopper Circuit
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2.4 BHIRERAT

2.4.1  [BlES BEAT

@ SCR(SA) S Flfsled #wH@MERIRNCZ BT K &
o PRgeEBke]l 4 ESCR(SP) o #ic WHIUACE @izl
He (L) 2 BEE, QoL/R) 7 2 REBEES ol &sti st
282,264 Sprb EEH AMEMIL S L2 g & °lE
o= 477 $skd Sa Aok (gate)o] ErlA (trigger) A%
2 slstwl Sa—Lc—C2 HKSE #Hz2d ®WlEHR (i) 7 227

Heh ol AYAe BHERE
ifi;dt+Lci(il+iz):O ....................................... (241)
c dt

d
E:izR+LCZ{_t(i]+i2) ............................................. (2.4_2)

d’i, 1 di 1

—_ T 4 == [) sececrtscvessiscsraiecrranaroscanranaos 2.4 3
e +'RC 1t +LCC iy =0 ( )
oAy &
L= Ae@!t 1 Be®2t i (2.4.4)
di
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L.C ~ ‘2RC
i‘[}iﬂ 1, =
_ E . E ~3% ..
=g SmT_CLR%e T (Bt 47 ) e (2.4.6)

ol Aol @A 10-1112) s E4o] e o] KL R,L.,C F
o 2E EEOL Akl Kol 93, o o Row ¥y AE
BB wE ®WHRY ZAGSd =2 o 4 AdA i
F¥E Ft AL R, L, Cd2 Zdsty, R7F U F Hojxd 3t
7k AL AFe] ddudA e 2z AFARY RXK
7 AMERET FE3] A4 SeE W o= Ay 4+ Ye A
E o] 4o Ry TE F AW @Wifde EEste @WHEe
F71vk FAsA S22 o] FU¢ ZHAE Tt sve EEH
E 23 olR2YY FHEWER (1) v I.2th Hojok stz H3}

AFE EAF terb Spd W o= Agtmr} ook .jrh

Im cos ﬂ;c—l ............................................................ (2.4.7)
Inm =
1=— 2 Fd
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Fig.2.4 Commutating Current Waveform
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3.1 REREEY BE

Aew7ka] AHd WEEREI, old wE 7 3z EE 2343
Bl @zl ARE T EEHM (8074 BRI £
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H ¥ 3k ok

Fig.3.1 Overall View of Experimental Apparatus
2 ERel 83 AHE EHS 9sH 2

Output : 0.5 kw R.P.M: 2000 .
Motor Voltage: 110V Full load Current:6.5A
L.C C:!6uF L. . 24pH

. Ir :16A

Diode trr max (.24s
SCR PIV:600V dv/dt:min 100v/ps

di/dt :50A/us It 16A tq.max 10#sec

é/O dex(':ice : 8355 A/D

peed Commander : converter

Interface Counter : 14040B

Latch device : LS373
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Fig.3.2 Schematic Diagram of Chopper and Control
system.
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Fig.3.3 Interface Circuit
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