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Abstract – This paper deals with two types of variable 
reluctance machines, both having linear movement. 
There are in fact modular structures that can operate 
even if different kinds of faults occur. One of the 
presented machines will be a linear transverse flux 
reluctance machine, the other a tubular transverse flux 
reluctance machine. Both of them have the same 
operating principle, and, as it will be proved, many of the 
considerations done here are valid for both machines. 
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I. INTRODUCTION 
 
The number of the transverse flux machines with linear 
movement studied so far is relatively small comparing to 
the rotary structures [1]. The goal of the authors is to make 
a presentation of two new topologies of such machines that 
can be used in various applications requiring precise 
positioning. The machines to be presented belong to the 
class of the variable reluctance machines, without 
permanent magnets. It is the case of a linear and a tubular 
transverse flux reluctance machine. Both of them are 
machines built of modules.  
In the paper will be presented the working principle of 
these machines and the conditions they can operate if a 
fault should occur. 
 

II. TRANSVERSE FLUX RELUCTANCE MACHINES 
WITH LINEAR MOVEMENT 

 
As a general consideration, it can be said that any linear 
machine has two correspondents: a rotary structure and a 
tubular one. So, considering for a linear machine its plane 
of the movement, it can be noticed the above mentioned 
aspect. If one folds a linear structure on the perpendicular 
direction on the movement one a rotary variant of the 
machine is obtained. On the other hand, if the same linear 
structure is folded on the direction of the movement a 
tubular variant results, having however a linear movement. 
In this case, the initial linear transverse flux machine was 
obtained as a combination between a rotary transverse flux 
machine with passive rotor and a stator with permanent 

magnets on it and a hybrid linear stepper motor [2]. The 
machine is shown in Fig. 1. The minimum number of 
modules for a continuous functioning is three. Here, the 
variant with such number of modules was chosen to be 
presented considering the possibilities of an easier control 
using the existing converters on the market: 

 
Fig. 1. The three-phase linear transverse flux reluctance 

machine with permanent magnets.  
By removing the permanent magnets and the upper U-
shaped iron core a simpler variant is obtained [3]. This 
machine, having only electromagnetic excitation, is shown 
in Fig. 2: 

 
Fig. 2. The three-phase linear transverse flux reluctance 

machine without permanent magnets.  



 

 

The second structure was obtained followind some 
analyzes concerning the initial one presented above. These 
showed that the contribution of the permanent magnets to 
the developed tangential force are very small, aspect that 
lead to their removal from the circuit. Besides that, a 
significant improvement of the first variant is achieved by 
enlarging the teeth surface of the module [4], as shown in 
Fig. 3. 

 
Fig. 3. The iron core of a module of the machine without 

permanent magnets. 

To work properly the teeth of the modules have to be 
shifted from the stator ones by  

ℵ∈+ kNk ,ττ  (1) 
where τ is the tooth pitch and N is the number of the 
modules. The step of the machine is given by the number 
of modules at a certain τ [5]. 

 
Fig. 4. The tubular transverse flux reluctance machine 

Starting from the linear transverse flux reluctance 
machine without permanent magnets, a tubular variant can 
be obtained [6] structure after the direction of movement. 
The iron core of the resulted machine is shown in Fig. 4. 
As in the previous case, the variant with three modules is 
presented here. The elements that form the machine are 
shown bellow [7]. 

 

Fig. 5. The stator and its components 
1 – stator iron piece; 2 – stator non-magnetic piece 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 6. The moving armature and its components 
1 – stator iron piece; 2 – stator non-magnetic piece 

Both the stator and the rotor of this machine are realized 
using magnetic (iron) pieces and non-magnetic ones. This 
construction is possible because the machine is operating 
based on the variable reluctance principle. Two advantages 
are obtained in this way: a lower mass of the structure and 
a cheaper machine. 
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The tubular machine has the same modular structure as the 
linear variant [7]. As the linear variant, the tubular machine 
has two major parts: the active and the passive armature. 
For this machine the stator represents the active armature. 
Only the iron core of the machine is presented, considering 
that the excitation coils are placed in the slots of the stator. 
The term “slot” has in this case a different signification 
than at the linear machine where it meant the distance 
between two succesive teeth. 
At the tubular transverse flux machine, the teeth of the two 
armatures are obtained by alternating the magnetic 
elements with the non-magnetic ones. The modules of the 
stator are distanced one from another by non-magnetic 
materials like the ones used for the modules of the stator 
and for the mobile armature. The condition they have to 
meet is the same as in the case of the linear machine, which 
is expressed in relation (1). 
One of the great advantages of the tubular machine is that 
its stator is the same as the one of the induction machine. 
The magnetic pieces of the modules of the stator can be 
represented by steel sheets exacly like the ones used in the 
asynchronous machine. The solution of using non-magnetic 
materials has come following the technological difficulties 
of obtaining magnetic pieces of different diameters. 
Regarding the materials used for the mobile armature’s 
components, these are cylinders made of magnetic and 
non-magnetic materials. 
Concerning the windings of the tubular machine, here two 
possibilities will be presented [7]. As it can be noticed in 
the above figures, the stator has slots where the coils can be 
placed. The first solution is similar with a variant used at 
the rotary machines. This implies the use of a homopolar 
winding of Gramme type, without endings. The proposed 
solution is given in Fig. 7. It should be underlined that, in 
order to obtain a more clear representation of the winding 
only a steel sheet on which the coil is wound was 
considered. 

 
Fig. 7. Homopolar winding without endings, Gramme type, 

at the tubular transverse flux reluctance machine 

The second possible variant to build the winding is to place 
in the slots coils that are wound around the yoke as shown 
in Fig. 8. The coils can be connected either series or 
paralel. 

 
Fig. 8. Coils placed in the slots of the stator, wound around 
the yoke, at the tubular transverse flux reluctance machine 

 
III. FAULT TOLERANT LINEAR TRANSVERSE FLUX 

MACHINES 
 
In the previous paragraphs two variants of transverse flux 
reluctance machine with linear movement were presented. 
Their operating principle is the same, consequently the 
aspects regarding the functioning of the linear variant, 
which is in fact the basic one, can be applied as well to the 
tubular machine [7]. 
The operating principle of these machine determines their 
modular character. As mentioned above, in order to obtain 
a continuous movement the minimum number of the 
modules must be three, but theoretically a limit cannot be 
set. Still, one must consider a few aspects. First of all, the 
developed forces at the linear reluctance machines are not 
constant. If the tooth length is the same with the slot one, 
the tangential force versus the armatures teeth displacement 
has a sinusoidal variation. Hence, one of the goals when 
designing such a machine will be to realize an initial 
shifting corresponding to the maximum tangential force. 
Besides that, a big number of modules would increase the 
length of the machine. 
For a given tooth pitch of the armatures, the positioning 
step of the machine is obtained by imposing the number of 
modules. At each particular structure, considering the 
chosen tooth pitch, one must take into consideration the 
above mentioned aspects. It must be underlined that in 
order to obtain a certain maximum tangential force the 
geometrical dimensions of a module are the same, 
regardless of their number. The mean force developed by 
the machine depends however upon the number of 
modules. 
A natural conclusion that arises from what was presented 
so far is that the machine can operate even if one of the 
modules is out of order, regardless of the cause of this fault 
[7]. The only condition that should be met is that the 
number of the operating modules is minimum three. 
Obviously, the shifting between the teeth of the two 
armatures must be modified comparing to the initial 
position (when all the modules were working properly). 



 

 

This modification of the initial shifting can be done by 
construction. 
The above mentioned considerations are valid if the teeth 
of each module are shifted differently from the stator ones 
comparing to those of the other modules. However, a 
“composed” machine can be imagined. The term 
“composed” signifies that the initial structure is multiplied 
in such way that the obtained machine will have more 
modules with the teeth shifted identically from the stator 
ones. One can say that the machine has r groups of 
modules. The advantage brought by such a structure is, that 
compared to its basic variant, the developed tangential 
force is multiplied by r times, while the normal one 
remains the same. Its shortcomings are related mainly to 
the length of the machine and the resulted price [7].  
But besides the possibility to increase the tangential force 
by using a greater number of modules, they have another 
important advantage which is given by their fault tolerant 
character. In order to keep this advantage of the machine, 
one has to supply each phase independently. Concerning 
the operation mode of this machine, this is very similar to 
the one of the SRM. Consequently one must take into 
account that most of the characteristics of the variable 
reluctance machine are valid for these machines too. In 
both cases, for the linear and tubular transverse flux 
reluctance machine, any faults during operation cannot 
appear at the passive armature – the rotor. The possible 
faults are related to the windings. These are of two types: 
- open circuit of maximum N different channels that supply 

a group of N modules having teeth differently shifted 
from the stator ones; 

- shortcircuit of maximum N different channels 
(shortcircuit of maximum N windings of a group of 
modules). 

Exactly as in the case of SRM, in order to supply the 
phases of these machines a power converter is needed. This 
would supply the windings with the required voltage 
function of the mobile armature position and of the desired 
tangential force. In this way, the power electronic part can 
represent as well a source of faults, affecting the whole 
electrical driving system of these machines. A mention 
about the protection to fault appears for the tubular 
machine with the winding consisting of coils placed in the 
slots and connected in parallel. In this way, even if one or 
more coils are out of order, that module still operates.   
If the machines operates in falut conditions, the developed 
forces on each phase will be different. This is due to the 
fact that the phase which is out of order cannot contribute 
at all to the developed tangential and normal forces. From 
this reason, this is an important aspect that must be taken 
into account when using this type of machines in various 
applications requiring precise positioning. 

 
 
 
 

 
 
 

IV. CONCLUSIONS 
 

This paper deals with two variants of transverse flux 
reluctance machines with linear movement. After 
presenting the structure of the linear transverse flux 
reluctance machine that is obtained from a rotary transverse 
flux machine, a new machine that derives from the linear 
structure is proposed. The tubular transverse flux 
reluctance machine is shown here with all its components 
and possibilities of construction. 
The fault character of these types of linear machine is given 
by their modular construction. The aspects related to the 
functioning in fault conditions are presented here. 
Advantages offered by such structures are detailed in the 
paper. 
Considering the principles exposed here one can conclude 
that these variable reluctance machines represent possible 
solutions for systems that require precise positioning and a 
safe operating regime [8]. 
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