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Introduction: 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 enable 
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. 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 [1]. 

Abstract: The aim of this research is to write Mathematica Program valid for any DC motor 
specifications (A, R and L). In this paper Mathematica Program is presented. DC motor specifications 
in this research are A=6 A, R= 0.25 Ω and L= 1m H. Two mode of operations continuous and 
discontinuous are analyzed by the Mathematica Program. Varying batteries from 12 V to 108 V are 
applied in this Mathematica Program. The relationship between the maximum currents and the times 
for continuous and discontinuous mode of operations are illustrated by graphs. The effect of varying 
batteries upon the maximum currents is illustrated by graphs. Two main current equations for 
continuous and discontinuous mode of operation are analyzed by the Mathematica Program. 
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The purpose of a DC – DC converters is to 
supply a regulated DC output voltage to a 
variable –load resistance from a fluctuating DC 
voltage. In many cases the DC input voltage is 
obtained by rectifying a line voltage that is 
changing in magnitude. DC – DC converters are 
commonly used in application requiring 
regulated DC power, such as computer, medical 
instrumentation, communication devices, 
television receivers, and battery chargers [2-
3].DC-DC converters are also used to provide a 
regulated variable DC voltage for DC motor 
speed control application. The output voltage in 
DC-DC converters is generally controlled using 
a switching concept, as illustrated by the basic 
DC-DC converter. Early DC-DC converters 
were known as choppers with silicon-controlled 
rectifiers (SCRs) used as the switching 
mechanisms. Modern DC-DC converters 
classified as switch mode power supplies 
(SMPS) employ insulated gate bipolar 
transistors (IGBTs) and metal oxide silicon field 
effect transistors (MOSFETs). 
The switch mode power supply has several 
functions [4]: 
1- Step down an unregulated DC input voltage 

to produce a regulated DC output voltage 
using a buck or step –down converter. 

2- Step up an unregulated DC input voltage to 
produce a regulated DC output voltage using 
a boost or step-up converter. 

3- Step down and then step up an unregulated 
DC input voltage to produce a regulated DC 
output voltage using a buck-boost converter. 

4- Invert the DC input voltage using a Cuk 
converter. 

5- Produce multiple DC output using a 
combination of SMPS topologies. 

Method of solution 
In order to solve the problem, the Program is 
written by using Mathematica program language 
as shown in figures [1-5]. 
 
                            
 
 
 
 

 
Figure [1]: Mathematica Programpage 1 
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Figure [2]: Mathematica Program page 2 
 
 
 
 
 
 

 
 
 

 
            
Figure [3]: Mathematica Program page 3 
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Figure [4]: Mathematica Program page 4 

 
            
Figure [5]: Mathematica Program page 5 
 
Results & Discussion: As results of the 
Mathematica Program, there are a lot of graphs 
and relations between the currents and times.  
Few graphs are selected as an example from the 
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program results. As shown in figures [6 & 7], 
these represent discontinuous mode of operation 
which means that the motor will turn off for a 
period of time and turn on again. As shown in 
figures [8, 9 & 10], these represent continuous 
mode of operation which means the motor is 
turned on the whole time. These figures [8,9 & 
10] are the only continuous mode of operation 
that are obtained from the program results for all 
the batteries injected. The relationship between 
the maximum current and the time at which a 
different size of batteries are used is illustrated 
in figures [ 11-19].The relationship between the 
normal time (ton) and the turn off time (tx) 
when different sizes of batteries are used is 
illustrated in figures [ 20-27, 32]. Family of 
curves for the relationships between maximum 
currents and times are illustrated in figure [28]. 
Family of curves for the relationships between 
the normal time (ton) and turn off time are 
illustrated in figure [29]. As shown in figure 
[28], the maximum currents of the batteries are 
decreasing when the extra battery is injected 
into the system. Also, of note in figure [29], the 
Imax and tx curves are decreasing when extra 
battery is added to the system. Figure [30] 
illustrate the relationship between Imax of the 
batteries and all the sizes of batteries, of note the 
curve is decreasing steadily. Figure [31] shows 
the curves of batteries 12V and 24V are dropped 
dramatically because the turn off time (tx) at 
this level of batteries equals zero, and the Imax 
work at continuous mode of operation. 
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Figure [6]: Discontinuous Mode at Battery 12V 
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Figure [7]: Discontinuous Mode at Battery 24V 

 

0.000 0.002 0.004 0.006 0.008 0.010
0

50

100

150

200

250

300

T - > Sec.

I
-

>
A

m
p

.

{frequency =100Hz, Battery =12V }

 
Figure [8]: Continuous Mode at Battery 12V 
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Figure [9]: Continuous Mode at Battery 12V 
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Figure [10]: Continuous Mode at Battery 24V 
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Figure [11]: Relation between Imax & T at Battery 

12V 
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Figure [20]: Relation between tx& T at Battery 12V 
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Figure [12]: Relation between Imax & T at Battery 

12V 
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Figure [21]: Relation between tx& T at Battery 12V 
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Figure [13]: Relation between Imax & T at Battery 
12V 
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Figure [22]: Relation Between tx& T at Battery 

12V 
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Figure [14]: Relation between Imax & T at 

Battery 12V 
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Figure [23]: Relation between tx& T at Battery 

12V 
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Figure [15]: Relation Between Imax & T at 

Battery 12V 
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Figure [16]: Relation between Imax & T at 

Battery 12V 
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Figure [32]: Relation between tx& T at Battery 

12V 
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Figure [24]: Relation Between tx& T at Battery 

12V. 
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Figure [17]: Relation Between Imax & T at 

Battery 12V. 
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Figure [25]: Relation Between tx& T at Battery 

12V. 
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Figure [18]: Relation Between Imax & T at 

Battery 12V. 
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Figure [26]: Relation Between tx& T at Battery 

12V. 
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Figure [19]: Relation Between Imax & T at 

Battery 12V. 
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Figure [27]: Relation between tx& T at Battery 

12V. 
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Figure [28]: Family of curves Between Imax & 

T at Batteries 12V-108V. 
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Figure [29]: Family of Curves Between ton & tx 

at Batteries 12V-108V. 
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Figure [30]: Relation between Imax & Batteries. 
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Figure [31]: Relation Between Imax of Batteries 

&tx of Maximum Currents of Batteries. 
 

Conclusions 
In this research, the program is written by the 
Mathematica Program Language. This program 
valid for any DC motor parameters. By this 
program, continuous and discontinuous mode of 
operations are obtained for any DC motor. In 
this paper, continuous mode of operation is 
obtained only at 12V and 24V when Imax is 
taken as a parameter. Imax is decreasing when 
extra battery is injected into the system. 
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