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Abstract 
 
This paper compares between chopper control method and bi-level control 
method. Both methods are used for improving the dynamic performance of 
variable reluctance stepper motor (VRSM) by modifying its time constant and 
thus, increasing its stepping rate. Therefore, the initial torque developed by the 
motor is high; the switching from one coil to the next is faster than normal and 
consequently, the rotor moves as quickly as it should be. The circuitry discussed 
in this paper is connected directly to the motor windings and the motor power 
supply, and this circuitry is controlled by a digital system that determines when 
the switches are turned on or off. Each class of drive circuit is illustrated with 
practical examples, but these examples are not intended as an exhaustive 
catalog of the commercially available control circuits, nor is the information given 
here intended to substitute for the information found on the manufacturer's 
component data sheets for the parts mentioned.  
 
Keywords: Stepper motor, variable reluctance motor, time constant, new topology of chopper converter, 
chopper control. 
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1. INTRODUCTION 
 
The dynamic response of stepper motor may be improved by using special drive and control 
circuits yielding better time constant, faster stepping rate and therefore higher torque and well 
working rotor [5]. 
 
For most industrial applications stepping motors are controlled by using microprocessor 
techniques. With the microprocessor any of the types of control can be used such as linear 
constant current control, bi-level control or chopper PWM control. It can make the motor to run 
through the desired number of steps and can control the acceleration and deceleration of the 
motor when required[2-5].  
 
In this paper a bi-level and chopper PWM control will be demonstrated. At the end, a brief 
comparison is done to show the priority of each control method and drive circuitry. 

2. FUNDAMENTAL PRINCIPLE OF CHOPPER CONTROL OF STEPPER 
MOTOR 

 
The typical stepper motor with four windings with the drive waveforms are shown in the schematic 
diagram in Figure 1a, with one terminal common to all windings; it is most likely a variable 
reluctance stepping motor.  
 
In use, the common wire typically goes to the positive supply and the windings are energized in 
sequence [12].  
 

Figure 1b shows the equivalent circuit of one phase of the motor and a fundamental chopper 
down (step down) converter and the waveforms of the motor phase currents. 
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Figure 1: (a) Four phase (4-Φ) variable reluctance stepper motor. (b) Fundamental 
connection of a chopper down converter and phase current waveforms: 

( ΩRmH,LV,E 103051  ). 
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The basic principle of operation for a four winding variable reluctance stepper motor is illustrated 
in Figure 1.  
 
The stator has 8 poles and the rotor has 6 teeth. When one of the stator coils is energized, the 
rotor teeth will align with the energized stator poles. This means, that the rotor will move to a 
position of minimum reluctance. Sequentially switching the stator phases produces a rotating 
magnetic field which the rotor follows. However, due to the lesser number of rotor poles, the rotor 
moves less than the stator angle for each step [1, 3, 6].  
 
For a variable reluctance stepper motor, the step angle is given by:  

Ss N/θ 360         (1) 
Where: θs is stator angle; NS is number of stator poles. 

 

RR N/θ 360         (2) 
Where: θR is rotor angle; NR is number of rotor poles. 
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Figure 2: Schematic diagram showing torque, speed and phase current waveforms 

of a four phase variable reluctance stepper motor. 
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Where: θST is step angle. The number of stator poles is the product of number of phases and 
number of poles per phase. Thus 

 

PS NmN          (4) 
Where: m is number of poles; Np is number of stator poles per phase. 
 
Figure 1 shows that moving from Φ1 to Φ2, etc., the stator magnetic field rotates clockwise. By 
reversing the sequence of pulses, the direction of rotation is reversed above right. The direction, 
step rate, and number of steps are controlled by a stepper motor controller feeding a driver or 
amplifier. This could be combined into a single circuit board [1, 2, 10].  
 
Figure 2 shows the resultant torque, speed and current waveforms of a 4-Φ variable reluctance 
stepper motor. 

3. IMPROVEMENT METHODS OF DYNAMIC RESPONSE OF STEPPER 
MOTOR  

 
 
It has been mentioned earlier that the basic problem for the drive of a VRSM lies in the 
inductance of the stator winding. The time constant ( RL ) of the motor winding prevents the 
current to follow the winding voltage pulse. The current rises slowly and does not reach the full 
rated value, particularly at high speed. As a result the torque decreases with increase of pulse 
rate. Hence, the torque speed performance can be improved by using one of the following drive 
methods: 

 Bi-level control method. 
 Chopper control method 

 
3.1 Bi-level control method 
 
A good approach to improve the dynamic response of stepper motor is to use two power supplies 
instead of one. This is called bi-level control as shown in Figure 3. Bi-level drive enables us to 
obtain fast rise and fall times of current without using external resistors[5].  
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The principle of a bi-level control can be explained as follows: In this system there are two power 
supplies E1, E2. The upper supply E1 is about 5 to 10 times higher than E2 which is the rated value 
of the motor supply. The current sensing resistor Rs is not considered in this case ( 0sR ).   
At the starting of each step E1 is connected to the motor coil. The coil current rises much faster 
than the rated supply and as soon as the coil current reaches the rated value; the supply is 
changed from E1 to E2. This continues with TR1 off and TR2 on upto the end of one step. When it 
is required to end the pulse TR2 is turned off and the current decays through the load, both 
freewheeling diodes D1, D2 and both supply voltages E1, E2.   In this way losses in the circuit are 
reduced and the overall efficiency is increased.  
 
3.2 Chopper control method 
 
Chopper control may be achieved by using different types of chopper converters. Not all of these 
converters help to improve the performance of stepper motors. This paper introduces a new 
topology of chopper converters which significantly improves the dynamic performance of stepper 
motors. 
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Figure 3: Bi-level control scheme of VRSM drive with current waveforms. 
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The system is described with the help of Figure 4. The circuit in this figure consists of a chopper-
down converter with two channels connected in series. In this scheme higher supply voltage E1 is 
used. It may be as high as 2 to 4 times of the rated value of the motor voltage. This connection 
is also used to increase the voltage-handling capability of the power devices. It also gives with a 
variable output voltage the possibility of varying the motor speed by varying its terminal voltage.  
 
Principle of operation of such connection may be explained as follows: The motor is switched on 
by the sequencer signal with this high voltage supply and the two capacitors (C1, C2). At the 
beginning both switches are on for a time required for the circuit current ia to reach its rated value.  
Thus, if the supply voltage had a value of 30-V and if the switches were on all the time, the 
resulting current in the circuit would be AΩV 31030  . This is much greater than the required 
rated current (0.5A). The rate of rise of coil current increases and reaches its rated current much 
faster. The time constant of the circuit is again ms/RL 31030  . Thus, the current in the coil 
rises at a rate of A/sms/ 1000330  . The time to reach 0.5A is then ms.(A/s)(A)/. 50100050  . 
 
As soon as the current reaches slightly above the rated value, both switches are periodically 
turned off and on using pulse width modulation (PWM) technique. The switches connected in 
series are usually operating out of phase by the time T/2. During this period each switch is on for 
certain time ton to yield the required mean value of the coil voltage and off for the rest of this 
operating period, toff. Both transistors have the same operating period Tp which is many times 
smaller than the energizing pulse (period) of the coil. When it is required to end the energizing 
pulse of the coil, both transistors are simultaneously turned off and the circuit current ia begins 
to decrease through diodes D1, D2 as shown in Figure 4. 

E1

D 2 L

C1

C 2

R

Pulse2

TR1

D 1

TR2

A ia

+ 
Vva

Pulse22

Pu lse1

Pulse12

Pu lse11

Pulse21

Signal1.VAL 

t [s] 

50

-50

0

-20

20

0.12 0.130.12 0.12 0.13 0.13

Signal2.VAL 

t [s] 

50

-50

0

-20

20

0.12 0.130.12 0.12 0.13 0.13

 Signal for TR1  

 Signal for TR2  

 

C1.V [V] 
C2.V [V] 

t [s]  

11

9.5

9.8

10

10

0.12 0.130.12 0.12 0.12 0.12 0.12 0.13 0.13 0.13 0.13 0.13

  Capacitor 
   voltages
   vc1, vc2   

ia.I [A] 

t [s]  

0.6

0

0.1

0.2

0.3

0.4

0.5

0.12 0.160.120.130.130.130.130.130.140.140.140.140.140.150.150.150.150.150.16

  Coi l  cu rrent ia   

 

Figure 4: schematic diagram of a series connected double phase chopper down converter 
with Current and voltage waveforms. 
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4. STEPPER MOTOR FOR BOTH DIRECTIONS 
The following mechanical model in Figure 5 obtained from Simplorer 6 shows a 4-phase step 
motor. Whose electrical part is modeled by 4 electrical circuits in parallel connection.  
 

 
There are different ways to model the mechanical part of the motor in Simplorer. Here it is used 
according to Simplorer 6 an electrical circuit to describe its mechanical behavior. It can be 
modeled as block diagram as well.  
 
The control signal of the step motor is produced by 3 state machines. One for direction control, 
e.g. the required step length and moving direction. The others for generating pulse signals, which 
depends on the moving direction as shown in Figure 6.  
 
By using static transistor model in Simperlor, the logic control signal can be connected directly to 
the transistor as a switch signal. A static transistor model is good enough to simulate the 
controlled behavior of the step motor in this case as shown in figure 7. Figure 7 also shows the 
waveform of the speed, torque and position of both-directional stepper motor.  
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Figure 5: Mechanical part of four phase stepper motor. 



Dr. Walid Emar, Eng. Ziad Sobih, Dr. Musbah Aqel & Dr. Mahmoud Awad 

International Journal of Engineering (IJE), Volume (4) : Issue(2)                                                                156   

 

 control  signal generator 'forward'     

 control  signal generator 'backward'      

S2

SET: := S1:=1

S3

SET: := S2:=1

S4

SET: := S3:=1

S1

SET: := z_left:=z_left + 1

S5

S0

S12

SET: := S2:=1

S13

SET: := S1:=1

S14

SET: := S0:=1

SET: := zeropoint:=t

S11

SET: := zeropoint:=t
SET: := z_right:=z_right + 1

S15

S10

S_reset_l

SET: := an_left:=0

S_reset_r

SET: := an_right:=0

SA1

SET: := wait:=t

SA2

SET: := an_right:=1

SET: := ok:=0
SET: := n_right:=4

ok ((t - wait) >= 0.8) ok

control signal  generator 'direction'     

SET: := S3:=1

SA0 SET: := an_left:=1
SET: := n_left:=4

SA3

SET: := an_right:=0

SET: := an_left:=0

 
 

Figure 6: State graph. 
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Figure 7: Electrical model and output waveforms. 
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5. CONCLUSION 
 
The above described application examples of modern control and drive circuits show that 
performance and efficiency of variable reluctance stepper motors may be remarkably increased 
without any excessive expense increase like before. 
 
A natural limit against any current increase by using very high power supply as in the bi-level 
control method is the danger of saturating the iron core and increasing the maximum temperature 
rise of the motor, due to the power loss in the stator windings. This shows one advantage of the 
modified chopper control method defined in this paper, which, compared to others, has the 
motor’s power loss within a reasonable limit since the current in the windings is controlled. 
 
The winding current is chopped and limited within a certain limit and this produces a direct 
proportional and positive effect on the torque. At their power loss limit stepper motors with anti-
parallel series four phase chopper control may deliver more torque than stepper motor with other 
drive circuits.  
 
Furthermore, if a higher torque is not required, one may either reduce the motor size or the power 
loss by utilizing the chopper control method. It gives only as much voltage as needed and makes 
the motor to run at as high speed as required and independently from the winding resistance. 
 
On the other hand, the bi-level control method requires higher power supply than other methods 
which increases the economical costs of the system and the power supply is more expensive 
because it has to deliver 5 times as much power (5E1 instead of E1). Furthermore, the current is 
not limited or controlled anyhow and therefore, the magnetic field is not controlled. Consequently, 
the torque of the motor is out of control since it is proportional to the current and the magnetic 
field of the motor’s windings.   
 
Dedicated integrated circuits have dramatically simplified stepper motor driving. To apply these 
ICs designers need little specific knowledge of motor driving techniques, but an under-standing of 
the basics will help in finding the best solution. 
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