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Abstract –A novel direct-driven rotary-linear switched 
reluctance motor is proposed in the paper. It is able to 
perform both rotation and linear movement of its shaft. 
The motor has the advantages of robust mechanical 
structure, low manufacture cost and capability of 
operation under hostile environments. In the paper its 
basic structure and the working principle are 
presented. Advanced simulation tools were applied for 
checking the performances of the motor. The proposed 
machine is expected to be useful in diverseapplications 
were both precise rotary and linear motions are 
required. 
 
Keywords: switched reluctance motors; finite element 
method; rotary- linear machines. 

I. INTRODUCTION 

In modern industrial environments two degrees of 
freedom (DoF) precise  movements are frequently 
required. The actual solutions include rotary motors 
driven X-Y tables or two independent motors, one with 
rotary-to-linear mechanical coupling. These approaches 
have the disadvantages of complex mechanical structure, 
frequent mechanical adjustments, high manufacturing or 
maintenance cost and low reliability [1]. 

An alternative to the mechanical couplings are the 
rotary-linear machines which can be useful in diverse 
industrial and automotive applications where on a single 
shaft both rotational and linear movements are required. 

In a direct-drive machine the mechanical energy is 
directly performed onto the actuator or load, thus 
eliminating any mechanical couplers, such as gears or 
belts for motion transformation. It has the advantages of 
fast response, high flexibility and the overall control 
system may have a simple structure [2].  

For example in vehicles they can actuate the active-
wheels or control the gearshifts in automated 
transmissions. Also advanced manufacturing lines 
require combined precise rotary and linear motion for 
parts assembly, drilling process, electrical wiring and 
component insertion, etc. [3], [4]. 

Until recent years switched reluctance motor (SRM) 
was not a popular choice for high-precision and 
high-speed motion applications, because it is difficult to 
control and its output has high torque ripples. Due to the 

continous advancement of power electronics and digital 
signal processing, and the continuous trend of 
simplifying the mechanics through complex control 
strategy a special interest was given to the switched 
reluctance motors. 

The paper describes the development of a novel, 
high performance, direct-drive rotary-linear motion 
system. The motor is based on the variable reluctance 
principle. It aims to replace the traditional rotary-linear 
machines as a higher performance and lower cost 
alternative. 

II. THE ROTARY-LINEAR SRM 

A. Construction 

The proposed electrical machine, as also its 
traditional rotational and linear counterparts, work upon 
the variable reluctance principle. Practically it is an 
efficient combination of a usual rotational switched 
reluctance machine (SRM) and a special linear SRM 
having several mover modules on its shaft. It has all the 
advantages of the SRMs: mechanical robustness, 
constructive simplicity, low manufacturing and 
maintenance costs, high reliability and relatively easy 
control [3]. 

The complex structure of the rotary-linear SRM in 
discussion is given in Fig. 1. As it can be seen in the 
figure the stator is built up modularly of three correctly 
shifted ordinary SRM stators having 8 poles each. 

The rotor is constructed of several common 6 poles 
SRM rotor stacks mounted on a common shaft. The 
toothed structure of each rotor stack ensures appropriate 
flux path along the stators, air-gap and the rotor. The 
rotor may both rotate and move on the axial direction.  

 
Figure 1. The structure of the proposed motor (without coils). 
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Each type of the movement (rotational and linear) 
has to be controlled independently. Only by imposing 
different energizing sequence for the windings on the 
three stators the different precise movements can be 
achieved [5]. 

The study on the two types of movements will be 
next described. 

B. The rotation motion 

When rotational movement is imposed two coils on 
each stator stack are fed simultaneously function of the 
rotor's position. The stator which has its poles aligned in 
the axial direction with the rotor poles will develop most 
of the torque. The other two stator stacks will also 
contribute to the rotational movement. As they are 
symmetrically unaligned on the axial direction in that 
position the axial forces developed by them will be 
equal but of opposite direction, hence their sum will be 
nil and no linear movement will be produced. 

The analysis was performed for a sample machine 
having the following rated data: 

i.) Voltage and current: UN = 300 V, IN = 5 A 
ii.) Power: PN = 350 W 
iii.) Angular and linear velocity: nN = 600 r/min, 

vN = 0.5 m/s 
iv.) Torque and axial force: TN = 5.5 N·m, 

FN = 20 N (for a single module). 
For the study of rotary movement a two 

dimensional finite elements method (FEM) based 
numeric field analysis was performed by using the 
Flux 2D program. The flux lines and the coresponding 
flux density map are given in Figs. 2 and 3. 

 
Figure 2. Flux lines for the rotational movement. 

 

 
Figure 3. 2D flux density map. 

The dynamic behaviour of the machine in study is 
simulated using co-simulation technology by coupling 
toghether Flux 2D and Matlab/Simulink by means of 
Flux-to-Simulink technique [6].  

The simulation of the power converter was 
performed by using an electrical circuit built up in 
Electriflux (Flux 2D's circuit editor) attached to the 
FEM model of the machine. The electrical circuit 
corresponding to each phase is modeled using two 
electrical coils, corresponding to the "come and go" 
sides of the winding [7]. 

In the electric circuit model the power switches 
were replaced by resistors. Their resistances are set at a 
high value (OFF state of the switch) or at a low one, 
corresponding to the ON state of the transistor. 

The main window of simulation program is given 
in Fig. 4.  
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Figure 4. The main window of the simulation program. 

 
As it can be seen the coupling program contains 

two main blocks. The green block generates the phase 
currents using the hysteresis current control technique 
and also (function of the rotor position) computes the 
firing angles. Based on the signals received from this 
block, the grey block is seting the values of the comand 
resistances for each phase. 

When a step is computed in Simulink the results are 
sent to the Flux 2D model, and the response (concerning 
the position, torque, voltage and phase currents) is 
obtained after the field computations, and is sent back to 
the Simulink model.  

The next step is computed based on these feedback 
values, so the system operates in closed reaction loop. 
The firing angles are defined upon the rotor position and 
the maximum phase current. The ON/OFF signals sent 
to the switches are: the resistance of 100 kΩ (OFF state) 
or 0.001 Ω (ON state). 

The obtained results for the dynamic simulations 
(phase currents, voltage, torque and angular 
displacement) are given in Fig. 5 and it can be stated 
that the obtained torque value is quite the same as 
computed. 

Also the torque and flux curves versus current and 
rotor position given in Figs. 6 and 7 were obtained by 
means of field computations.  
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Figure 5. The obtained results for dynamic simulations. 
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Figure 6. Torque vs. position characteristics. 
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Figure 7. Flux vs. current characteristics. 

 

These curves will be used to model the machine in 
MATLAB-Simulink. They will be implemented in the 
simulation program as look-up table blocks [8]. 

C. The linear motion 

If linear movement is required the proposed motor 
will work similarly to a linear SRM. Upon the required 
direction of movement and the needed thrust one or 
more phases of a stator stack will be fed. The rotor stack 
will be aligned upon the variable reluctance principle 
with that stator's poles [9]. 

To simulate the translation motion, obligatory three 
dimensional field computations must be performed due 
to the complex 3D flux paths inside the motor. These 
computations were performed by using Flux 3D. 

Due to the large amount of 3D mesh elements only a 
half of the motor was modelled and an adequate 
periodicity function was assumed. 

The linear movement can be achieved using two 
feeding methods, depending on the needed tangential 
force. The first one is feeding the two coils that belong 
to the aligned poles and the second is to feed six of the 
stator coils at the same time [10]. 

For the first case the obtained results are given as 
colour maps of the magnetic flux density as shown in 
Fig. 8. It can be seen that the distribution of the flux 
density is quite closed to that computed via Flux 2D 
(Fig. 3). 

 
Figure 8. 3D colour map of flux density in aligned position. 

 

The second way to feed the machine is to energize 6 
of 8 coils of the stator at one time. As in the first case, 
two of the poles are aligned but four of them are in 
partially aligned position. It is considered that the torque 
produced by the four partially aligned poles will be 
equal but will have different orientation, hence the total 
torque will be null and no rotary movement will result.  

The advantage of this type of feeding is obtaining a 
higher value for the tangential force. Thus, the way of 
feeding will be set according to the needed tangential 
force.  

The flux density map for the second feeding method 
is given in Fig. 9. 

 
Figure 9. Flux density map for the second method of feeding. 
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As it can be seen that the flux path is different from 
the one seen in Fig. 8, which corresponds to the first 
feeding method. The flux is not circulating through all 
stator and rotor yoke. It has a shorted path created 
between the two partially aligned poles and the aligned 
pole.  

It could be of interest to compare the magnetic flux 
densities obtained via 2D and 3D numeric field 
computations with those computed analytically during 
the design. The values obtained by means of the three 
methods are given in Table I. 

Table I. Comparison of the  magnetic flux densities 

Region 
3D 

analysis 
2D 

analysis 
Analytical 

Stator pole 1.92 T 1.89 T 1.79 T 

Stator yoke  1.33 T 1.29 T 1.27 T 

Rotor pole 1.71 T 1.64 T 1.58 T 

Rotor yoke 1.16 T 1.13 T 1.12 T 

Air gap 1.83 T 1.81 T 1.75 T 

As it can be seen the results obtained analytically 
and via the 2D numeric field computations are quite 
close. The 3D simulations are less precise because due 
to the long simulation times the mesh could not be 
enough refined. 

Also the tangential force was determined for both 
feeding methods having the current set to 5A. A 
comparison between the obtained values of the 
tangential force is given in Fig. 10. 
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Figure 10. The tangential forces obtained by the two feeding 

methods. 

As it can be seen, the value obtained for the second 
method is higher with 55% than the one obtained for the 
first method. Also it can be stated that for a higher 
tangential force the obtained graphical form is smoother. 

Hence, the way of feeding the machine and the 
current value are set depending by the application where 
this machine is used and by needed values for torque 
and force. 

III. CONCLUSIONS 

The combination of a rotary and a linear movement 
on the same axis is frequently required in diverse 
automotive and industrial systems. For such applications 

the proposed rotary-linear SRM seems to be an excellent 
solution. 

The 2D simulations compared with 3D simulation 
prove that the machine is well designed and the 
simulation results presented prove the usefulness of the 
proposed motor. 

Also it is highlighted that different values of the 
tangential force can be achieved, function by the needs 
and application. 

Future work is related to the development of a 
laboratory model of the machine and of the control 
system capable to enable well-coordinated dual motion. 
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