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Abstract: In this paper the design of a safety electricedak for any DC motor especially

the motor used with the DC-DC converter circuit geesented. The effect of ON time upon
maximum current of the DC-DC converter is illusééit The current increases as thg t

increases. The effect of injected voltage upon D@pper performance is illustrated. The
injection-protected voltage has a pronounced effegon the chopper maximum current. It
is reduce current through the chopper till it resctihe threshold current present through the
power switch data sheet. The DC chopper under iigag®n has two modes of operation

when the injection voltage equal to 12V. Inversedy, another level of the injected voltage
the chopper has only one mode of operation .At tase the chopper operation works at the
discontinuous mode only. As the current through $watch decreases to the previous value,
the power switch will be turned OFF immediately. tekf that the next pulse must be

generated for triggering the switch once again. Tdlectrical break for the DC chopper

motor is safe because the reverse current injetbedhe DC chopper circuit is decreased
step by step and not rapidly. Hence, the breakifigthe motor becomes very safe. The
proposed work is verified on test cases and préodre reliable.

Keywords: DC Chopper, DC-DC Converter, DC Motor, Safetydiieal Break

Introduction many applications such as on small size in
DC motor is an electric power used in toys and disk drives, or in large sizes to
operate steel rolling mills, paper machines,
or even tractors. Operating DC motor
continuously all the time or turn it off all

_ the time is not accepted using in DC motor
Received on: March 2014 applications, consequently, operating DC
Accepted after revision: March 2014 motor at specific times and disconnect it at
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devices is the solution. The control of
electric  power with power electronic

devices has become increasingly important
over the last 20 years. Whole new classes
of motors have been enabled by power
electronics, and the future offers the
possibility of more effective control of the

electric power grid using power

electronics. The  modern of  power
electronics began with the introduction of
thyristors in the late 1950s. Now there are
several types of power devices available
for  high-power and high  frequency

application [1]. The most notable power
devices are gate turn-off thyristors, power
Darlington  transistors, power MOSFETS,
and insulated-gate bipolar  transistors
(IGBTs). Power semiconductor devices are
the most important functional elements in
all power conversion applications. The
power devices are mainly used as switches
to convert power from one form to another.

They are used in motor control systems,
uninterrupted power supplies, high-voltage
DC transmission, power supplies,

induction heating, and in many other power

conversion  applications[2-4]. There are
two ways to control with DC motor,;
mechanical and electrical, one of the
electrical ways is DC CHOPPER. A

chopper circuit is used to refer to numerous
types of electronic switching devices and
circuits. Through this paper, Different
levels of voltages are supplied to the load
using the Chopper. The illustration of the
effect of voltage levels to the load is
illustrated. The effect of frequency levels
upon the performance of the Chopper
circuit is presented. The DC Chopper
output current is analysed at different duty
cycles is illustrated. The effect of changing
frequency is presented through the paper.
Chopper drives are used all over the world

in traction applications such as battery
electric vehicles and mass rapid transit
systems. A DC chopper is connected
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between a fixed-voltage DC source and a
DC motor to vary the magnitude of the
armature voltage. In addition to armature
voltage control, a DC chopper can provide
regenerative braking of the motors and can

return energy back to the supply[5]. The
chopper  system can offer several
operational  benefits over  conventional

means of rectification [6]. There are many
papers wrote about the chopper device in
controlling the DC motor, but The main
subject of this research is to build a
computer program shows the levels of
voltage when it is injected in the electrical
circuit and its impact on the electric motor
in braking process.
. PROBLEM FORMULATION

(Fig. la) illustrates the  basic
principles of a chopper, in which botkio
and lo can only be positive. In that circuit
diagram, the thyristor symbol enclosed in a
circuit represents a thyristor that my be
turned on and commutated by means of

circuit elements not included in the
diagram; D; is a free-wheel diode. Two
possible  conditions of operation are

illustrated in (Fig. 1b and c), where it is
assumed that the control is by means of
frequency modulation.

<~

< i v

Fig. 1 : Basic of chopper circuit and voltage diagrams.
a. Circuit diagram of a DC chopper
b.  Discontinuous mode
c. Continuous mode
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In (Fig. 1b) the load currenti,s € = exponential
discontinuous, so that during the interval At t=t,,, when Q. is commutated, the
for which ijis zerop,=Vvc. In (Fig. 1c), maximum current will be
the periodic timeT has been reduced to |max:io:V‘VC(l_g—ton/r)JrImmg—tm/r(
such an extend that, has not ceased to
flow before Q, is again turned on. As a 9) _
consequence, the output voltageu, and since v, then become zero. Due to
consists of a train of rectangular pulses of condition of the free-wheeling diods.
magnitude V. An increase of load circuit di, . R, :—E(G)
inductance L or a reduction ofVc would d L° L
also tend to result in a continuous output Where
current. . o t=t=t(7)
It is convenient to start by considering Att=0"i =
the case of continuous current operation = Y olo = Tmax
illustrated  in  (Fig.1c). In the circuit i = —VC(l_g-f /rj_'_ | g
of(Fig.1a), the equation of Kirchhoff's
Voltage Law (KVL) is t,<t<T (8)
U, tU +Ug+tVC=0 T=time period
Where At t =T_t0nl ort:T’ iozlmin
U, = output voltage
uL=indyctance voltage . :_\E l_g_a_tm)_” N g—n—tm)"/r
U= resistance voltage min R max
Vc=DC source 9)
from which Solving the previous equations we get
d, R. _u,-Vc VIl-¢™'") Ve
+—i, = 2 = — -—(10
g LT @ e R lhoe) TR 1O
Io:OUtpUt Current | _V gtonlr _1 VC 11
R, L = the resistance and inductance of "R -1 ‘E( )

the motor

When thyristorQ; is turned on att =0, From previous two equations ,it will be

noted that whenQ; is continuously turned

then att =0", v, =V, andi, =lmin. on ,so that,, =T, then
From equation 2 and these initial . _V-\Vc
conditions, the current will be Imax =1 i = (12)
i :V_Vc(l—s‘tm”)+Immg“m”(S) If t, is decreased to the valug,* at
which  Inin=0, then the converter s
O<st<t : ;
on operating at the point of changeover from
Whgre continuous-current  operation, illustrated in
V' = supply voltage Fig. 1b. For this boundary condition, from
[ min =Minimum current equation 11
t,, = on time Ve g(tgn/T)(T/r) -1
—=——7— (13
r=2(4) v ey B
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or
PO _
m=2"_"1(14)
e -1
where
Vc
m=— (15
v( )
m= the ratio between main supply and
DC source.
tX
=-2(16
P=7 (16)
Where

t;,= the time at which_,, =0
p= the ratio between changeover point

and time period.
o=the ratio between time period and

o=1 17
T
Imin=0, then from equation 5,

_V-Vc (1_£—tonlr) 0<t <t’m(1

max—

8)
and from equation 8 and 18

i :__Vc(l_g—f /r)+V_VC(1_£—t0n/T) g—t‘ T
R R

ton<t <T  (19)

This current will become zero at time
t=t, or t =t —t,, and substitution of
these conditions in equation 19 yields

t, = Tln{£t°“’r[l+ v-ve @a- £’t°"”)}} (20)

\V/¢
Where
t, = the time at which i become zero.

Method of Solution

In order to solve the problem; some term
are needed to be clarified which are: Pulse
Width Modulation method an DC chopper.

PWM or Pulse Width Modulation (Fig. 2)
refers to the concept of rapidly pulsing the

digital signal of a wire to simulate a
varying voltage on the wire. This method
is commonly used for driving motors,
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heaters, or lights in varying intensities or

speeds.

A few terms are associated with PWM:

* Period - how long each complete pulse
cycle takes.

* Frequency - how often the pulses are
generated. This value is typically
specified in Hz (cycles per second).

Duty Cycle - refers to the amount of time in
the period that the pulse is active or high. Duty
Cycle is typically specified as a percentage of
the full period.

Cycle
Pulsa
12y ‘
oy \~

Duty Cycle = Pulse { Cyele * 100

Fraguency = Cycles { Sacond
Fig. 2: PWM

DC CHOPPER
' > hoppers

T

at
@E —
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A DC choppers is a DC -to-DC voltage
converter. It is a static switch electrical
appliance that in one electrical conversion,
changes a fixed dc voltage input to an
adjustable dc output voltage without
inductive or capacitive intermediate energy
storage. The name chopper is linked to the
fact that the output voltage is a ‘chopped
up’ quasi-rectangular version of the input
dc voltage. Thyristor devices were used in
conjunction with an AC supply that forces

thyristor turn-off at ac supply current
reversal. This from of thyristor natural
commutation, which is illustrated in (Fig.

3a), is termed line or source commutation.

When a dc source is used with a thyristor
circuit, energy source facilitated
commutation is clearly not possible. If the
load is anR-C or L-C circuit as illustrated
in (Fig. 3b) the load current falls to zero
whence the thyristor is in series with the dc
supply turned off. Such a natural turn-off
process is termed load commutation.
If the supply is dc and the load current has
no natural zero current periods, such as
with the R-L load, dc chopper circuit
shown in (Fig. 3c), the load current can
only be commutated using a @ self
commutating switch, such as a GTO
thyristor, GCT, IGBT or MOSFET. Any
SCR is not suitable for such application
because once the device is latched on the
dc supply application, it remains on.

The dc in (Fig. 3c) is the simplest of

the five dc choppers to be considered in

this chapter. The single-ended, grounded-

load, dc chopper wil be extensively
analysed [7].
(Fig.4) illustrates the proposed flow

chart constructed to represent the steps of
solving the problem using PWM and DC
Chopper. Computer software is  built
according to the steps illustrated in the
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flow chart. The chart is constructed for
obtaining the two mode of operation of the
DC chopper, continuous and
discontinuous. The effect of the injection
voltage upon DC chopper performance is
added to the flow chart. The computer
program based upon the flow chart is
constructed using Mathematica Software.

The case wused here is based on
choppin¢ <1 juency of 100Hz.
Consequeriuys,o Selected such that;

where T=1/f=0.01 sec.

then at different selected values of ,
which are selected in the range of

01l <t <09l
2 2

The injected protected voltage Vif)
level is selected also in the range of

12V <V, <108V

Hence, at one selected level Wfy, t,

is changed within its previous range. The
results obtained from the program are as
follow;

Imax Which represented the maximum
value obtained of current at different
values oft,, at specified level of.

i the instantaneous values of current at
specified value oft, andViy.

Minimum current of DC chopper
determined where the chopper current
becomes continuous.

t« which illustrates the time at which the
current output of the DC chopper reduces
to zero value. At this instant the DC
chopper current mode become
discontinuous
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I=1,M f counter
J=1N Vc counter
=1k ton counter

At =margin of t, t’

Pulse Width Modulation

READ
LR TR I
V. Ved) N k&t

L,R= Inductance and
Resistance of the load motor
Vc= terminal voltage of the
load battery

V = supply voltage

Oiscontinowus

conlinous

’ e = 2. 303" Log(10, { Expilton [ m¥TD = ( 1 = {00V - wcli]iiwelil

= (1 - Exp{ on] mCXH]

| Trsiry= ((WROO(Exp{Ron M1 - 1B T - 10) - DeelN)%e) ]

I

10 = {{v - ve{J/RN1 - Exp[-T]) +Dmin (Exp{6TD |

Ienax = ([W/R(1 - Exp{-ton [mJ QAL - Bxp[-THCNN) - (velsl®) |

|

2o = (e IWRICE - Gepl{ 4 V) + TR (4" V) |

Fig. 4: Proposed flow chart
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i L
. +O/O — +/_7f\7/fj_\—__
\V4 -+
v(& ° Ve =
(a)
e

(c)

Fig.5 : DC source and RL circuit.

(Fig.5b)illustrates the relationship between trstantaneous current@gainst timet().

Equation (3) illustrates that, the increasing
of ton increaseslmx. The physical analysis
of the increasinglmx against t,, is as
follows;

The chopper current load is represented
by RL circuit contains DC supply of
voltage as shown in(Fig.5a).

The instantaneous current is

(1—8_(RIL)t) (21)

This current reaches to its maximum at
t=r=L/R
Hence | max=V/R
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The current reaches to maximum value at
t=r=L/R. Aftert =7, the current
becomes stable at valuel _ =V/R.

This means that the effect of the coil is in
the range of 0<t<r7r only. After that the
coil has no any effect upon the current.

The previous Figure illustrates thattes
increases in the range ot+t, <r,the DC

chopper current is increasing according to rising
exponential function. The DC chopper control
ranged<t <7 =L/R, after this range<r, the
system loses control. Consequently, the DC
motor speed becomes approximately constant.
At this point we conclude that, the control range
of t,,must be in the range within the valuel of
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Results & Discussion:
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Fig. 8: Relationship between | and T at voltage batteries ( Vg )= 36
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Fig. 14: Relationship between | and T at voltage batteries ( Vg )= 108

Family of curves are obtained by using the
computer program representing the two modes
of operation as follow;

(Fig. 6) to (Fig. 14) represents the
instantaneous DC chopper output currents at
different values of,, and also illustrate the

effect of t_, uponlnax at different values o¥y;.

Through all charts, the current reduces
according to the decaying exponential function.
The current decreases fromux to IminOr zero.

All charts represents the discontinuous current,
only(Fig. 6) illustrates to continuous mode. DC
chopper operation at level of injected protected
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voltage of 12V. The slope of rising of the
instantaneous currents is increased according to
the increase of,, upon |x.

( Fig. 15) illustrate the effect af  upon the

maximum DC chopper current.

(Fig. 16) illustrate the effect df, upon
maximumlna as well asty andVijtakes as a
parameter. Fig.16 illustrate that @gincreases,
the chopper maximum current increasesVAs
increases Imax decreases. The injection of
voltage to the DC chopper circuit results of
reverse current to the chopper circuit. This
current opposes the main current. Hence, the
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total current passes through the chopper circuit In order to verify our approach, a case
will be decreases. As the power switch used is astudy is used and is implemented on
thyristor, the reverse current from the injection Mathematica with intel 2.2 GHz & 4 GB RAM.
supply will be reduced the main current. As the The case study is based on the DC motor used
current through the chopper circuit reaches to or as a load on the DC chopper has specification of
less than the threshold current, the thyristor will R= 0.2%2, L=1mH where R is load resistance
be turned off. To operate the DC chopper power and L is load inductance .The chopper is
switch, a pulse must trigger the thyristor once supplied by power supply of 110v. The
again. Consequently, the operation must be injection supply used for the protection of the
designed depending on the load type. DC motor can be used as batteries of another
(Fig. 17) represents the effect of DC supply of different values in the range of
chopperON time uponty at different values of  12<Vinj.<108.The injection supply must not
the protected injected voltage. The injected exceeds the power supply value. The previous
voltage has a pronounced effect on the DC specifications are used as an example only. The
chopper operation. At 12V injection voltage the research strategy can be applied with all DC
DC chopper has the two modes of operations, motors and injected supplies of any different
the discontinuous and the continuous mode. values.
Inversely, at other injection voltage level larger
than 12V, one mode only of operation will be

obtained.
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The block diagram of the proposed DC chopper stored energy in the motor coils during the
system is illustrated in(Fig.18). The DC chopper interruption of the power supply of the
system contains main supply, power switch, motor.The injected protected supply can be used
load, injected protected supply, blocking diode as a batteries or DC supply connected in series
and the triggering circuits system. The with the motor. The purpose of using this
preferable power switch that must be used with supply is the protection of the large load motor
the large power motor is a thyristor instead of used. The triggering circuit is used for
another. The thyristors have large values of controlling the load motor. The results have
reverse voltage but other switches can be shown the superiority of the proposed approach
destroyed by very small reverse voltage. The in solving such problems.

blocking diode is used for discharging the

Trigger
Circuit

Switcl

Main Supply

+
Injected
Protected

Supply
—

— PR N N e~~~

Fig. 18: Block diagram of the proposed DC chopper system

Conclusion reaches the threshold current present
This paper represents the design of a through the power switch data sheet.
safety electrical break for any DC motor The DC chopper has two modes of
especially the motor used with the DC-DC operation when the injection voltage equal
converter circuit. The effect ofON time to 12V. Inversely, at another levels ol
upon maximum current of the DC-DC the chopper has only one mode of
converter is llustrated. The previous operation, at this case the chopper
current increases as thig, increases. The operation at the discontinuous mode only.
effect of injected voltage upon DC chopper As the current through the switch decreases
performance is illustrated. The injection- to the previous value, the power switch will be
protected voltage has a pronounced effect turned OFF immediately. After that the next
upon the chopper maximum current. It is pulse must be generated for triggering the
reduce current through the chopper till it switch once again. The electrical break for the
DC chopper motor is safe because the reverse

www.johronline.com 229 |[Page




Al-Obaidly A.H.A., J. Harmoniz. Res. Eng. 2014, 2(1), 217-230

current injected to the DC chopper circuit is

decreased step by step and not rapidly. Hence,

the breaking of the motor becomes very safe.
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