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ABSTRACT 

   In this paper, a suitable design of a dc controller is proposed and implemented, as 

a prototype and for a software simulation,  so that is capable to overcome different 

hazards in operation. Different techniques were  selected to reach the efficient 

operation speed control unit. A simple and efficient firing unit is built, especially for 

this controller which can be implemented and repaired. The armature model has been 

built up and it is used in the simulation design in order to represents the armature 

rotation and operation study possible under different conditions. From the OrCAD 

Pspice 16.9 Simulator ,some transient and steady state results were taken like (voltage, 

current, torque, speed),at load and no load conditions.  An open loop prototype drive 

were implemented and operated, so that deferent results were taken, this results 

comparing with a theory refers to good agreement . 
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 تصميم , نمذجه, وتنفيذ مسوق قدرة لمحزك التيار المستمز                

 

 الخلاصة  

الطٌز على محسكااث  في ىرا البحث,حم الخٌصل إلى ًضع حصميم مناسب لٌحدة سيطسة أحاديت

الخياااز الممااخمس ًحاام حن ياارىا, نحيااث حقااٌي ليااا الغانلياات علااى الخولااب علااى م خلاا  ال ااسً   يااس 

 ر مميطس ذً دازه م خٌحت.الاعخياديت في الخشويل ًحم حن ي

حم اخخياز م خل  الخغنياث لخحمين عمل ىرا المميطس. من ىره الخغنيااث حصاميم ًحادة  ادذ نمايطت 

ًك ٌءة ًضعج خصيصا ليرا النٌع من الممٌ اث ًالخاي يمقان الاخحقم نياا ًصايابخيا نمايٌلت .حام فاي 

  اساخ د  فاي الخحليال OrCad ىرا البحاث أيااا حصاميم مٌديال الدادء الادًاز أضاي   الاى نسباامح  

الحاسٌني, يمقن من خلالو حمثيل دًزاي ىرا الددء ًعملو لم خل  الحاالاث المعسًفت.أخارث الحاالاث 

( مثاال,  الديااد, الخياااز, العااد , المااسعت(  فااي ًضااع عااد  الخحمياال ًفااي ًضااع Transientالعااانسة  

 ه ًمطانغت حغسيبا للحالت الن سيت.ً د ًخدث إبيا خيد OrCad Pspice"الخحميل من نسبامح المحاكاة  

حم عمل بمٌذج عملي ليرا المميطس ذً دازة م خٌحت ًحشويلو, حياث حام اخار النخاامح لم خلا  مساحال 

 كاة ًكابج مطانغت للحالت الن سيتالمميطس ً  ٌزبج مع النخامح الن سيت ,ًمثيلاحيا من نسبامح    المحا
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INTRODUCTION 

irect current drives are widely used in industry. The best advantages of these 

drives like, ease of control, stability, speed control over a wide range, rapid 

response to speed change,  and it is the better safety ensure their popularity for 

a long time. 

The controlled (thyristor) rectifier provides a low-impedance adjustable ‘d.c.’ 

voltage for the motor armature, thereby providing speed control, thyristor converters 

which offered cheaper first cost, higher efficiency (typically over 95%), smaller size, 

reduced maintenance, and faster response to changes in set speed. 

In phase-controlled DC drives an ac to dc phase-controlled converter is used to 

control DC drive motor. The converter changes the ac input voltage to controllable dc 

output voltage. In such converters thyristor commutation (i.e. transfer of current from 

one thyristor to the next) is easily achieved by a process referred to as natural or line 

commutation. When an incoming thyristor is turned ON, it immediately reverse -biases 

the outgoing thyristor and turns it OFF. No additional circuitry is required for the 

commutation process phase- controlled converters are simpler and less expensive  and  

are  extensively  used  in industries application  such  as  variable-speed reversing 

drives for rolling Mills, the power rating may be as high as several megawatts [1,2]. 

  

GENERAL DC-MOTOR DRIVE COMPONENTS AND MODULES 

The most important component units of the Dc-motor drive system which was used 

in our factories and has been given in Indramat German company [3] are: 

1) Control power supply section. 

2) Control unit section. 

3) Firing circuit and synchronization section. 

4) Power converter section. 

All units of this drive was fabricated as a hybrid integrated modules. These hybrid 

modules are subjected to defect and cannot substituted because it's not commercial and 

its costly . 

In this work more than unit has been simplified and imitated so that changes to a 

discrete components to became familiar with our market and easier to change or repair.  

Phase control firing unit has been designed, with a simple control circuit like supplies , 

power amplifier, power thyristor, and  reference signal which is depends on the same 

principle of basic standard typical controller. Some techniques was not used because of 

the difficulties such as (speed adaption, linearization, dynamic current limitation. 

  

DESIGN,SIMULATION AND IMPLEMENTION 
     The use of simulation has always been a powerful tool for the technology  in all its 

various fields of application. The analytical software simulator provides a study of 

system operation and optimize its performance, besides to examine transient response 

in addition to the steady state behavior. One of the most commonly used program is 

OrCAD pspice program, which provides us a highly precision analysis for study and 

tracking the circuit operation ,  also it can be observed more than one result at one time  

[4,5]. In this work,  a complete drive system is modeled, implemented and simulated 

D 
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for open loop system states. In addition practical design implementation of the drive 

and prototype dc motor has been tested and compared with simulation results. 

   

 Firing Circuit Design Simulation and Implementation 
      In phase-controlled converter,  it is assumed that the thyristors (SCRS) are fired at α 

desired instant for proper operation. The firing instant is controlled by control signal so 

that the converter can provide a desired output performance. The firing circuit consists 

of four dual stages Figure (1) shows a block diagram for the firing circuit, that consists 

of the following units: 

1)  Integrator. 

2) Comparator . 

3) Monostables. 

4) Digital part. 

 

Integrator  
     It is the most important part of the circuit, this part delivers a signal from step 

down-transform as a sine wave signal, then converts it  to a cosine signal by varying  ( 

V, R , R , C ) some important remarks can summarized as follows.  

1) Accuracy  of converting . 

2) Steady state time( SS) before the o/p becomes stable. 

3) Cross-Level calibration between positive and negative sides. 

4) Amplitude of o/p signal. 

     By experimental with back ground theory many sets of  (R , Rin , C V ) used . 

Figure (2) shows the integrator circuit, the most accurate set is design as: 

R = 30KΩ   ,  Rin =7K Ω   , C =1 µf      Vin =  24V . 

    The results of this design shows a high closely cosin wave conversions , suitable 

magnitude about ( + - 12V ) and short steady state  time. The graphs shown in Figure 

(3 ) shows the Integrator o/p wave in analogue &  logarithm 

 time axes.  The S. S. T =70ms .          

  where S.S.T is the steady state time. 

Comparator 
      The second part of firing circuit is the comparator where the VC compares with o/p 

of the integrator (cosine signal) to generate firing  pulses at the crossing point between 

them , α is given by,   

                                                                                                 

         Α = cos
-1

(e  )                                                                            … (1) 

 

Where 

           emax  is the instantaneous value of vin         

   The o/p voltage of thyristor is given by, 

 

           EO = Emaxcosα                                                                                … (2)  

                                                                              

 Where  

          EO is the o/p of converter, 
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     At first side of the firing circuit the control voltage vc compare with a cosine signal 

eb in the comparator u3 to produce a signal. This signal then inverted by inverter u5 as 

a signal ef  to fed to the fourth stage of the circuit that is a monostable U7.  The same 

operation is happened in the second side of the circuit. The inverted vc, ed  are compare 

with a cosine signal eb at a comparator u4 to produce a signal eh that is fed to a 

monostable u8. 

 

Monostable 
   A third part of the firing circuit consists of one monostable circuit at any side of the 

firing circuit, this monostable circuit delivers a signal, ef from the first side, eh from 

the second side. The monostable circuit is designed to provide   suitable triggering 

pulses to a digital section, the o/ps of the monostables circuits which are op1, op2 have 

enough magnitude and suitable (ON, OFF) time Figure (4) shows the monostable stage 

and total firing system[6]. 

   Transient simulation has been done, the earlier pulses uncontrolled ,three  

pulses was changed in width and location.  Figure (5) shows four graphs as follows: 

1) Cosine signal (output of comparator), positive & negative control voltage. 

2) Firing pulses out from first comparator . 

3) Firing pulses out from second comparator . 

4) Triggering output from monostable circuit. 

     The pulses in the fourth graph are used to control the positive halve cycle of 

power, the green pulses are used to control the negative halve cycle . 

Digital part 
  The digital part consists of two elements : 

a)  RS-FF. 

b)  Two AND gates . 

      The signals op1, op2 come from monostables feds to Set, Rest of RS-FF to 

generate q, q
-
 pulses. These pulses are fed to the AND gates to generate a 

triggering signals op3, op4 that used to fire the circuit of SCRS in positive and 

negative halve cycle. Figure (6) shows the digital part of the firing circuit, Figure 

(7) shows the NAND-Gate waveform. 

  

ARMATURE MODEL CIRCUIT 
   The complete design of the armature model circuit is schematically represented to the 

OrCAD simulation as shown in Figure (8). Where A is the o/p of the thyristors bridge. 

The blocks in side the diagram are described the behaviors of the Dc motor and it is 

armature rotation. These are building in the  OrCAD program. 

   The software implementation requires a model to describe the function of the 

armature rotations and other models to deduce the main parameters required for testing 

the simulation. Some behavior parts that are operated by definitions and/or software 

expressions. Many analogue behavioral  model circuit used for a first time in this work 

and added to the design circuit so that the measurement of the important parameters 

such as(torque, speed, firing angle ,etc) can be applied. The block circuits can be 

subdivided to: 

1) Armature Behavior part (ABP). 
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2) Torque Behavior part (TBP). 

3) Speed Behavior Part (SBP). 

4) Buffer Behavior Part (BBP). 

   The inside functions of the above behavior parts are well derived and analysis in [7]. 

   

PRACTICAL PROTOTYPE DRIVE  
   The practical circuit was implemented and built on a board by using the same 

elements that used in the simulated circuit. Some differences were happened between 

the simulation results compared with the practical results. All the problems was solved 

at last, by changing the incorrect values of components under try and error or skill 

techniques, the results and graphs that was taken from the board or a computer shows 

very close  results with the theory. 

Timing clock circuit: 

The Simulator program OrCAD in a computer has the stimulus Clock where used to 

operate the digital part, a 200s timing clock circuit was designed by OrCAD program.  

The practical output waveform of the clock obtained by oscilloscope shown in 

Figure(9). Some  test graphs had been taken from a board at the same operation  points 

that was taken  in a simulated circuit, Figure (10) shows the o/p of comparator, Figure 

(11) shows the o/p waveform of monostable element. These results are typical 

compatible to theory[ 1,8]. 

 

EXPERIMANTAL TESTS OF THE DRIVER MODEL      
      A practical model of the single- phase DC drive system which was designed and 

fed a prototype dc motor of (3000 rpm), (100) watts and (35Vdc) is shown in Figure 

(12).  The open loop state drive system has been successfully  driven the dc motor in 

different firing angles and speed. 

  In this practical work, the snubber parameters are adjusted up or down, in the final 

power circuit so that to obtain a satisfactry performance of the thyristor power section. 

This step of the practical proposed had been taken long time.  The values of the power 

thyristor section with its snubber circuit is shown in Figure(13). 

 The speed of the dc motor for deferent  firing angles for noload and load have been 

measured as shown in table (1). The values in Table (1), was put in agraph which be 

shown in Figure (14).  

Some selective experemental test results have been taken using a compatible 

oscilloscope. Figure (15a) shows the signal of the secondary of the pulse transformer 

operating at 45kHz frequency. This trigger voltage waveform has very small DC 

component that satisfies the thyristor conductance. The gate-cathode voltage waveform 

under load condition shown in figure (15b), and this waveform shows a very close 

result compared with theoritical one . The Experimantal output DC voltage of the 

thyristor is shown in Figure (15c). 

 

DISCUSSION 

The following remarks can be noted:  

1)  The output of  the integrator in both practical and simulation are very close.  
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2)  The waveforms have been observed for different stages of the analogue part of 

the firing circuit in both simulation and practice are close . 

3)  The waveforms obtained from the electronic board for the timing click    circuit 

is a typical as in electronic theory. 

4) The output of the digital part and pulse amplifier unit in both practical and 

simulation are similar to theoretical . 

5) The thyristors output waveforms in both practical and simulation shown in are 

close.  

Note that some distortion present in the output waveform of the converter due to 

power quality of voltage supply and transient conditions. 

 

CONCLUSIONS 

A complete simple and easy  industrial model of a single-phase DC motor drive  

was used in this work .Design ,implementation and simulation  are presented.Hence 

the drive system is implemented using simple and available components. 

According to the study and  analysis of the proposed drive system, the main 

concluding remarks can be summarized as follows : 

a)  All isolation controller section of the DC motor drive are  modeled, implemented 

and simulated using OrCAD Pspice program. The OrCAD software provides a 

powerful and efficient environment  for servo drive  system. Therefore, a complete 

performance characteristics can be obtained. 

b)  A modification in the controller sections in open are developed. 

c) The armature model is presented and developed to get a full implementation for 

analysis and study all possible conditions of the drive system at dynamic state at 

sudden load condition. 

d) The design and implementation of drive model are proposed and developed. The 

main units of the controller system have been experimentally tested and it is found 

the design is very smooth and efficient. These units include the control, firing and 

power section.  

e) The experimental and simulation results are consistent with the theoretical analysis 

and the model is very accurate and practicable. 
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Table (1) Speed agenst α values for noload and load. 

 
 

 

 

 
 

Figure (1) Block Diagram for the Firing Circuit. 

 

 
                   

 Figure (2) Integrator circuit diagram with its suppliers. 
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Figure (3) O/p Waveform of Integrator. 
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Figure (4) Firing system (Integrator, Comparators, Monostables) 
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Figure (5) O/p of firing circuit stages. 

 

 

 
                    

 

Figure (6) Digital Part of Firing Circuit. 
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Figure (7) O/p of AND gats, FF, & clock. 
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Figure (8) complete armature model circuit. 

 

 

 
Figure (9) O/p waveform of the clock circuit. 
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Figure (10)O/P waveform of comparator. 

 

 

 
Figure (11) O/p of monostable circuit. 

 

 

 
Figure (12) Implemented Prototype Drive. 
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                                Figure (13) Power thyristor section. 

 

 

 
                             Figure (14) Speed aganst α graphs for noload and load. 
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Figure (15a) O/p of pulse transformer to thyristor. 

 

             
Figure(15b) Gate-Cathode waveform at load. 

 

  
Figure (15c). O/p of Thyristor. 

 


