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Abstract;

DC choppors are widely used for mmaction and industry drives motor controt and in ather
spplications where a regulsted  de source is required. Thyristor choppers find applications in inusry
drives and eleciric raction where high power s controlled. Normal (clessical) chopper, Jone's dhopper
and bridge chopper are the most thyristor circuits used in practice. In onder so increase relish:lity .
improve the output waveforms, and enlarpe the ranpe of control , a modified chopper has een
soggested. The perfonmence characteristics of the new chopper are determined and compared with
other choppers wsing  Pspice . The effect of the chopper perameters on its performance hawe bezn
determined. The simutation resulls hive been compared with experimental resubix. Good agreemen: bos
been obtained. Ceaurses of some diccrepancies have been determtired.
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1. Introdaction

DC-to-dc converters, commonly called choppers, are emploved to vary the
average velue of the direct voltage. The manner in which the average load is recuced
below that of the source is illustrated in Fig. 1, which shows the circuit connection
(Fig. 1-a) and the output volage waveform (Fig. 1-b) for an ideal chopper. This shoves
that an ideal chopper applies a train of unidirectional vohage pulses 10 the laad. Load
voliage may be varied in one of three different ways namely: pulse-width
modulation, frequency modulation and combination of these two ways [1]-

DC choppers have many applications in industrial drives and electrical traction
[2-4]. They are widely used for traction motor control in electric auwomobiles. trolley
cars, marine hoists, forklift trucks, and mine haulers. They provide snooth
acceleration control, high efficiency, and fast dynumic response. Choppers can be
used in regenerative braking of dc motors to retum energy back into the supply. and
this fealure results in energy savings for lransportaion systems with frequent stops.
Choppers may be also used in the rotor circuits of induetion motwrs to coniny the
speed. In these applications the chopper deals with high power. thus il uscs thyTistors
as electronic switches {2]. Thare are many types of thyristor choppers such as nermal
chopper, Jone’s chopper and bridge chopper [2.5]. The acual operation of choppers
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deviates from the required ideal performance due to practical limitations. It is very
advantageous to have & chopper whose characteristics are very near to the idzal one.
This means that its operation is free from these restrictions which limit the range of
duty cycle and its output vollage waveform is closer to the square train of pulses,

i i L K
*
oc !
i chapper T Ye
)
e |
“'
[‘D e st e i e e — o e e e e e [ ——
T ' i '
T —a] T ]
)

Fig. 1 Ideal chopper circnit
a Circuit connection h. Qutput voltage waveform

In this paper, a modified chopper, which has better characicristics compared
wilth both normal and Jone’s chopper. is presented . Its modes of operation are
determined and analyzed. Pspice has been used to simulate the operation performance
of the new chopper and the other conventional choppers for the sake of comparison,
Also, 1he control characteristics have been determined for @ wide range of duty cycle.
The cffects of the chopper element sizes on the performance have been invesligated.
The results obtained have been compared with previously published experimental
results [5).

2. Conventional Choppers

The normal, Jone’s and bridge choppers are well known choppers which use the
parallel capachior technique for commutation [1-3]. Fig. 2 shows the circuil diagrams
for the normal (Fig. 2-a) and Jone’s (Fig. 2-b) choppers when leeding a resistive ioad
and including the supply internal impedance. The normal chopper has the
disadvantage of needing a pre-charging of the capacitor o insure poper
commumnication. This is achieved by Iriggering the auxiliary thyristor first a1 the
beginning of the chopper operation. In Jone's chepper the necessary commutating
capacitor charge is accurnulated at the beginning by the transformer secondary current
resulted through Lransformation action due to the flow of the load currentir (he
primary side.
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The performance characteristics of both choppers deviatc from Lhe ideal
chopper duc 10 the Joad capaciiive current during the ofT period in addition to many
operation restrictions. The following are some of thesc restrictions:

i) The minimum allowable repefition rate is govemned by the duration through
which the capacitor can maintain the commutating charge before it feaks off
through (he auxiliary thyristor S;.

iiy  The maximum allowable repetition rate is governed by the minimum ON and
OFF periods of chopping which is governed by the thyristors characler:stics
[3,4] and the commulation circuit capability.

iif)  For large duty cycle, the available time for reversing the capacitor charge will
nol be enough, ie. S: is still conducting when the next cycle begins and §,
fails conducting when the next cycle begins and thus §, fails 1o trigger.
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Fig. 2 : The circuit diagrams for the normal and Jone’s choppers

iv)  For small duty cycie, the commutation of §; fails as (he charge of the capa :ilor
will not be enough to handle the needed communating current.
It is clear from the above discussion that the duty cycle. v, has maximum and
minimum values such that
TIHSYS"IB.\’. :Y_#O and Yll:l.tl
In view of Lhe foregoing discussion, it is evidert that a modified chopper is nceded
1o achieve proper commuization: and aveid the duty cycle restrictions.

1. The New Chopper

A new chopper has been proposed and implemented by the authors [5] 10 pet
better performance compared with the normal and the Jone's choppors. This has been
achieved by adding a series element combination Ly & Dy across S, .and 12 & Dy
across §; to Jone's chopper, as shown in Fig. 3. The purpase of the modification of
Jone’s chopper is 1o wrap the capacitor charge afler commutation. thus preventing the
capacitive load cumemi during OFF peried of chopping. Also. the capccitor
commutating capacity increases due to trapping, Thus, the maximum value of the duly
cycle; v . increases. ie the ranpe of duty cycle incrzases,
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3.1,  Modes of operation

Specific details of the new developed chopper are illustrated in the following
description of modes of operation;

-

L;-
L
b2 sz#z = ¢
L
2 -
we
| L v
LV, Wl ZS D
L, ?
| Tr
| 6
a
z
L
Iig. 3 : The new chopper
3.1.1. Mode !

Al the beginning of an ON period, the following currents flow through thyristor S,

(Fig. 4-a):

a- Current 1; Fflows through the path Lr,S,, L, and Z;, which is connccted through
the d.c output terminals.

b- Current i; flows through the circuitofl Ly, D, C & S, due 10 the induced e.mr.fin
the secondary winding of the transformer.

¢- Current iy flows through the loop S;, Ly & C due to the charge voliage of the
capacitor. This current flows during the half cycle only due to the blocking cffect
of D|.
Simple equivalent circuits for the three currents of mode | are given in Fig. 4-t.

3.1.2 Mode 2

At the end of an ON period and the stant of an OFF period, thyristor 5; is
tumed on. This means that the negalive voliage ¢l the capacitor is applicd a:ross
thyristor 5, tuming it oft . Also. two currents will flow as shown in Fig. 5-a.
a) Current iy flows in the path formed of L¢. C ., 5;, L, and D2 during the positive half
cycle only 1o the hlocking effect of the diode Dy,
b) Current is flows in the loop formed by C. L; and during the positive half cycle onls
due 10 the blocking ¢ffect of the diode Da.
Simple equivalent circuil for mode 2 is shown in Fig. 5-b.
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Fig. 4 : Equivaleat circuits for ihe three carrents of mode 1
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Fig. 5 : Equivalent circuits for the three currents of mode 2

4. Simulation Results

The performance of the new chopper was simutaled using Pspice [6]. The circuit
used in simulation is shown in Fig. 6, and the paramelters of the circuit used in
simulation are shown in Table (1), which are the same paramcters reported foor the
experimental circuit in [5 }. Fig. 7 shows the simulation results : capacitor vollage.
output voltage and current for this circuit.
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Table 1: Parameters of the new chopper

Choke L, 0.95Q, 645 mH ]
Choke L; 0.95Q,6.45mH L
Transformer T, R:=Rp,=040Q

L,=L,=14mH i

Turns ratio | : | o _J’
Choke L 1, 103.3mH |
Capacitance C 8, 16, 24, and 32 uF |

A dc voltage of 21.6 V is applied to the chopper and a resistive load of ¢ Q2 is
used. A chopping frequency of 180 Hz was used {5]. A typical thyristor (2N1595) and
a typical diode (DIN4002) were used in the Pspice sirnulations.
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Fig. 6 Circuit used for Pspice simulation of the new chopper

4.1 Effect of Inductors L, and L
We also studied the effect of the induciors L, and Ly on the chopper

performance. Fig. & shows the simulation wave{orms for output voltage . toad cuvent.
and commultaling capacitor veltage for the new chopper, with all parameters (he sume
as i Fig. 7, except that the va'ue L, = Ly is now (.3 mH instead of 1.4 mH {or Fiu. 7.
It is clear that spikes appeas in the load current in this case. Smoother wavelorn s are
obtained forLy= 1y, = 1.4 mH.
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Fig. 7 : Simulated waveforms for output voltage , load current, and commutaling
capacitor voltage (L., = Ly = 1.4 mH)
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Fig. 8 : Simulated waveforms for output voltage , load current, and commutating
capatitor voltage (L, =L, = 0.3 mH)
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Fig. 9 Circuit used for Pspice simulation of the Jone’s chopper

4,2 Effeet of Commutating Capacitor

We also studied the effect of the commutating capacitor on the performance of
the ncw chopper, and compared that with its effect on the performance of the Jone™s
chopper (circuit used for simulation is shown in Fig. 9). Fig. 10 shows the simulated
waveforms for output vollage , load current, and commutating capacitor velage for
the new chopper, and Fig. 11 shows the same waveforms for the simulaied Jcre's,
with the same parameters. Four different values have been used for the commuteting
capacitor: 8, 16,24, and 32 uyF.

The waveform of the voltage across the commutating capacitor obtained by
simulation of the new chopper and the Jone’s chopper are compared to those obtained
cxperimentally (Fig. 13). Thz waveform for the new chopper has a similar shape but
with a higher and taller peak. The simulated waveform for the Jone's chopper has a
more flat top than that obtained experimentally, probably due to dittferent compoaents
used in the experimental circnit than those used in simulation.



Mansoura Engineefing Journal, {(MEJ), ¥ol. 25, No. 3. Seplember 2000. E. 60

N - A s

E
1
I
[l
H
1
]
'
1
[l
1
'

= 2
el
iy
[
|
>
.
ﬁ?”,
i
l
e
= 1
|
[ S

=

ans
A U[C172.51:1)

Time

Fig. 10 ; Simulated wavelorms for output vollage , foad current, and
eommutating capacitor voilage for the new chopper (C=8, 16, 24, and 32 pF)
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Fig. 11 : Simulated wavelorms for output voltage , load current, and
commutating cupavitor vollage for the Jone’s chopper (C=§, 16. 24, and 32 pF)
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Fig. 12 Waveform for commutating Fig. 13 Waveform for commutating
capacitor voltage from Pspice capacitor voltage from cxperimentil
simulation of the new and the measurements of the new and the
Jone's choppers Jone's choppers

5. Conclusions

The performance characteristics of a new developed chopper are deternmiined
and compared with otlher choppers using Pspice . The effect of the chopper
parameters on its performanee have been determined. The simulation resulis have
been compared with experimental results. Good agreement has been obtained. Causes
of some discrepancies have becn determined.
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