
 
 
 
 
 
 

COMPARISON OF PRECISE POSITIONING SYSTEMS 
USING SWITCHED RELUCTANCE 

AND HYBRID LINEAR STEPPER MOTORS 
BY MEANS OF COMPUTER SIMULATION 

 
Loránd SZABÓ - Ioan-Adrian VIOREL 

 
Technical University of Cluj 

Department of Electrical Engineering 
E-mail: Lorand.Szabo@mae.utcluj.ro 
P.O. Box 358, 3400 CLUJ, Romania 

 
 

Abstract: Precise linear positioning systems are used by myriad industrial and laboratory 
processes. For such purposes two types of motors seem to be the best solutions: the hybrid linear 
stepper motor and the switched reluctance linear motor. Both offer many advantages such as high-
speed, accurate positioning, high servo stiffness, smooth travel and fast settling times. 
 The digital simulation is an accurate tool for designers because they can try out many 
different positioning systems and control algorithms without prototyping hardware, and they can 
compare them in order to select the best suited for a specific application. Therefore the two types of 
precise positioning systems were compared by means of computer simulation. The simulations were 
performed by using the combined circuit-field mathematical model, well suited for the simulation of 
both static and dynamic behaviours. The computer programs based on this model offer the 
possibility to calculate all the characteristics (such as forces, acceleration, velocity, displacement, 
induced EMF, etc.) of the positioning systems.  
 The same tasks were imposed for the two precise positioning systems. The obtained results 
sustain the theoretical anticipation. 
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1.  INTRODUCTION 
 
 Precise linear positioning systems are used by myriad industrial and laboratory 
processes (industrial robot axis, NC machine tools, measuring systems, computer 
peripherals, etc.). As the movement has to be performed linearly, the application of linear 
direct drives is favourable to avoid rotary to linear gear-boxes or belt and pulleys, needed 
with rotary motors for linear drives. The interest in these systems has been given proof of a 
steady increase in requirements for positioning accuracy, while, at the same time placing 
demands on the maximum speed and on the constancy of speed. For such purposes two 
types of motors seem to be the best solutions: the hybrid linear stepper motor (HLSM), [1], 
and the switched reluctance linear motor (SRLM), [2]. Both offer many advantages such as 
high-speed, accurate positioning, high servo stiffness, smooth travel and fast settling times. 
Of course there are several differences between these two types of motors, too. 



 The computer simulations of the different linear positioning systems are performed 
by using the combined circuit-field mathematical model. The model is conceived to be 
solved by means of computer, through an iterative calculation. The computer programs 
based on the proposed model offer the possibility to calculate all the characteristics (such as 
forces, acceleration, velocity, displacement, induced EMF, etc.). The model is well suited 
for the simulation of both static and dynamic behaviours of the precise positioning systems.  
 Modelling the precise positioning systems designers can try out many different 
systems and control algorithms without prototyping hardware and they can compare them 
in order to select the best suited for a specific application. 
 An identical positioning task was imposed for the two precise linear positioning 
systems driven by the above mentioned linear motors. A typical trapezoidal velocity 
profile was utilized. The main characteristics of the positioning system (the command 
current, tangential force, speed and displacement) are plotted versus time to make 
possible the easy comparing. The simulation results coincide with the theoretical 
assumptions.  
 
 
2. MOTORS 
 
 Direct driven precise linear positioning systems require a velocity and/or 
position controlled linear motor. In this section the two considered linear motors are 
presented and compared. Both are very popular due to their inherent ability of precise 
control. 
 
Hybrid Linear Stepper Motor 
 

 
Linear Switched Reluctance Motor 

The basic construction of the two types of the motors consists of a moveable 
armature (the mover) suspended over a fixed part, the platen (see Fig 1, respectively 2). 

The mover of the HLSM consists of 
a permanent magnet between two 
electromagnets, having two poles and a 
command coil. The toothed structure on 
both parts has the same fine tooth pitch. 

The mover of the LSRM iron core 
has four salient poles. The command coils 
are wounded around the poles. The mover 
tooth pitch is 1.75 times greater than the 
platen tooth pitch. 

The platen is an equidistant toothed bar of any length fabricated from high 
permeability cold-rolled steel in order to minimize the thickness and the deflection. 
 Both motors have simply to manufacture concentrated windings only on the 
mover. The coils are connected in series with the power semiconductor devices. This 
improves the reliability of the drive system. The motors are operating under the same 
principle of double-salient variable reluctance: the mover is aligned in a manner to 
minimize the air-gap reluctance. 

 

Figure 1 
 

Figure 2 



The basic difference between the two motors, as their construction is concerned, is 
the presence/absence of the permanent magnet. 

The permanent magnet serves as a 
life-long excitation bias source. Very high 
efficiencies can be achieved by using rare 
earth magnets. This way the mover's mass 
and volume, and implicitly its inertia can be 
reduced. 

The cost of permanent magnets is 
still high and they can work only at 
relatively low temperatures. It is a peril of 
demagnetization by fault currents, too. The 
SRLM's mover is simpler, so it requires 
fewer manufacturing steps. 

  An other difference is that regarding the teethed structure of the poles. 
  The multi-teethed pole structure 
increases the force production capability of 
the HLSM. The fine teeth pitch enables 
higher positioning accuracy. 

The single-teethed poles of the 
SRLM are much more easy to manufacture. 
In the same way the platen teeth structure is 
simpler, too. 

A very important feature to be compared is the control possibility of the two 
motors. 
  The HLSM can be operated in the 
very simple open-loop control mode. To 
improve the position capabilities and 
dynamic performances this motor must be 
operated in a closed-loop control system. 

The control of the SRLM is possible 
only if the mover's position is detected by a 
suitable  position sensor, or if it is estimated 
using different methods.  

In both cases the mover's speed can be computed from the monitored back EMF 
generated in the un-energized coils of the motor [2, 3]. 
 
 
3.  MODEL 
  

Mathematical modelling provides a convenient way of describing electrical 
machine’s behaviour. Costly experiments regarding the machine response to different 
operating conditions can be cheaply overpassed by simulating the machine based on the 
developed mathematical model. 

The complex toothed configuration, the 
magnetic saturation of iron core parts, the 
nonsinusoidal variation of the phase inductance 
function of the mover position and the permanent 
magnet operating point changes due to air-gap 
variable reluctance and control amperturns can 
be covered accurately by a coupled circuit-field-
mechanical model. The block diagram of the 
model, presented in several previous papers 
[4, 5], is given in Fig. 3. It is composed of three 
main submodels: circuit, field and mechanical. 
The model is well suited for both motors in discussion and can be utilized with a few 
modifications to other similar motor types. 

All the calculus lay basically on three assumptions: 
 The air-gap reluctances are much greater than all other reluctances, excepting of the 

permanent magnet. 
 The permanent magnet reluctance is so great that no flux linkages produced by the 

currents which go through the control coils will pass from one side of the permanent 
magnet to the other side. 

 
Figure 3 



 The iron core parts of the motor magnetic circuit are not affected by saturation, so the 
superposition principle can be applied. 

 In the circuit submodel the command currents are computed as functions of the 
command voltages and coil inductances. These later ones can be calculated using the 
magnetic fluxes obtained from the field submodel. 

The field submodel is based on the simplified equivalent magnetic circuit of the 
two motors (see Fig. 4, respectively 5).  

Figure 5 
 

The air-gap magnetic reluctance under a mover pole is: 

where S p is the pole area and 0  is the free space permeability. 

The variable equivalent air-gap for the HLSM is [1]: 

where Z  is the number of the pole teeth, g  the equivalent air-gap,   the equivalent 
variable air-gap permeance coefficient and c  the motor's constant. 

For the SRLM a similar expression was obtained [2]: 

where 

1, 2  are the coefficients of the equivalent variable air-gap permeance, kc1
, kc2

 are 

the Carter's factors, Z1 , Z2  are the number of the teeth (poles) on the mover, 
respectively platen. 

The mechanical submodel is characterized by the equation: 

where  f  is the friction coefficient, G  the mover's weight, m  the mover mass and f t , 

f n  the total tangential, respectively normal force. 

 
Figure 4 
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 The electromagnetic forces can be evaluated in both cases from the gradient of the 
magnetic co-energy with respect to a virtual. 
 The tangential force under one mover pole j 1 is given by: 

 The normal force developed by one mover pole MMF is: 

4. RESULTS 
 

In this section some results of the linear positioning system simulation will be 
presented. The simulated task is the same for the two linear positioning systems: a 780mm 
long displacement to the right at a speed of 0.8m/s. A trapezoidal velocity profile was 
imposed. The acceleration, respectively the deceleration time was of 20ms. The results are 
shown in Fig.6 (for the positioning system using a HLSM), respectively in Fig. 7 (for the 
LSRM driven system). The command current in one coil, the generated total tangential 
force, the mover's velocity and displacement are plotted versus time. 
 As it can be seen, in both of the cases high currents are required to accelerate and to 
decelerate the movers. Due to the permanent magnet the HLSM needs smaller command 
currents (and implicitly smaller exterior power) than the LSRM to fulfil the imposed task. 
As the platen teeth pitch of the LSRM is much greater as that of the HLSM, the frequency 
of the command current is seriously lower. The attraction normal forces, that only increase 
the friction force, are greater in the case of LSRM. This way higher tangential forces are 
required to realize the required movement. 

Both adequately controlled linear positioning systems follows very close, with 
insignificant speed errors the imposed velocity profiles. This means that the displacements 
of the two types of positioning systems are near the same. 

As it can be observed, the simulation results agree well with the theoretical 
presumptions.  
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