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Summary. Switched reluctance motors have been extensively studied by researchers for their
unparalleled advantages in many applications. The linear versions have been developed around
the world in the last couple of decades because of attributes similar to that of rotary switched
reluctance motor(RSRM). Owing to their frugal design, robust built and high force density,
the linear switched reluctance motor (LSRM) has had significant stages of development and
optimization. The flexibility in design and operation makes LSRM a prime contender for any
linear motor-actuator application. This paper provides a bird’s eye view across its developmental
stages and its various aspects in design, analysis and control. The following content discusses
the salient points of research and the contribution by researchers in this field.
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Introduction

Linear Motors are preferred as industrial drive system because they eliminate the require-
ment of auxiliary mechanical drives. This tackles the persisting problem of backlash in
gears (motion converters) and losses in compressor-pipes-valves (pneumatic drives). Lin-
ear synchronous and induction drives lack accuracy in low speed operation due to their
design constraint in pole pitch and operating frequency [11]. Being predominantly posi-
tion controlled, linear switched reluctance motor troubleshoots the problem of accuracy
of control. Moreover, the inherent winding design allows a high fault tolerance in the ma-
chine [30]. Industrial research for variable reluctance motors only began with the advent
of semiconductor technology, although the first motor running on this principle has been
established in 1838 by W. H Taylor [55]. As the performance boosted with the use of
microprocessor controlled switching, variable reluctance motors began to be regarded as
a high speed variant. In 1988 Takamaya et al. [53], [54] developed a linear motor based
on the principle of variable reluctance. Analytical tools developed for the RSRM, has
been popularly adopted for the LSRM. With this, extensive research on electromagnetic
analysis of LSRM has been documented which utilizes tools like reluctance network, fi-
nite element method and neural networks. Development of control algorithms obtained
a smoother operation by reducing cogging or ripple force, often experienced in a variable
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reluctance machine. This accelerated their application in several fields ranging from el-
evator drives [34], [35], generators [57], transportation rails ([37], [5], [29]) ocean wave
energy harnesser [56], actuators [12], driver for automatic door [18], medical applications
[41] only to name a few.

The present work discusses the various flexibility in configuration, algorithms of design,
tools of analysis and adopted control methodologies of LSRM, in brief.

Selection of Configurations

A LSRM can simply be seen as radially cut open form of a RSRM offering an abun-
dance of configuration flexibility [32]. An elemental set of a LSRM essentially comprises
a primary (ferromagntetic poles coiled in current carrying windings) and ferromagnetic
secondary, separated from the primary by an air gap. The set of above mentioned assem-
bly is repeated, often connected by yokes, which allows magnetic flux to travel in closed
loop. The primary and secondary are separated by a sufficient air gap, the dimension of
which, is critical to machine performance. Windings are placed either on the stator or the
translator. When the stator houses the winding, it forms the primary and the configura-
tion so obtained is referred to as active stator configuration (primary). This configuration
has been adopted in developing actuators, drives for doors, industrial rails ([11], [53],
[57], [12], [18], [41], [32], [2], [17], [9], [43]). Similarly, when the translator houses the
windings, the configuration is called an active translator or primary mover. Liu and Kuo
[37] developed a LSRM for wagon wheel which uses an active translator assembly, the
likes of which has been popularly adopted in several applications ([34], [35], [29], [56],
[39]). In applications such as material handling system where the displacement is short,
an active stator configuration is preferred. While in transportation system involving long
rails, active translator configuration is adopted as it reduces cost [36].

LSRMs can be broadly classified as in the way the magnetic flux path is oriented with re-
spect to the direction of motion. With this knowledge, further flexibility in configuration
is achieved. When the magnetic flux path and the direction of motion are parallel to each
other, the configuration is termed as longitudinal flux (LF) configuration. Contrarily,
when they are perpendicular to aech other, the configuration so obtained is called trans-
verse flux (TF) configuration. Corda and Skopljak [11] elaborated on both configuration
features of LSRM, derived from a RSRM. Darabi et al. [14], [15] has compared LF and
TF configurations based on secondary weight, thrust and levitation forces. In the study,
the LF configuration developed more levitating force with a lower secondary mass than
the TF configuration. Lim and Krishnan [34] and others ([35], [32], [18], [17], [9], [43]) has
used a LF configuration as a model to study for its mechanical stability thereby optimize
its performance characteristics. Liu and Kuo [37], Baoming et al. [5] and Liu et al. [40]
has used a TF configuration to drive a wagon on wheels which obtained promising results
in application.

The LSRM designs based on an open RSRM structure, consists of a single primary and
secondary ([53], [54], [5], [32]). In such configuration, the system has to deal with high at-
tractive force which is difficult to control [14], [38]. Researchers adopted a twin symmetric
primary design that eliminates the unbalanced attractive force ([34], [35], [56], [18], [2],
[9], [26], [6]). Further exploration in flexibility of configurations such as intermediate core
[17], yokeless systems ([34], [35], [17]) and permanent magnet embedded hybrid motors
[7], [4] obtained better performance characteristics like mass to force ratio and reduction
in force ripple. Also, a unique cylindrical LSR actuator introduced by Corda and Sko-
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pljak [11], based on an active stator TF configuration where a solid ferromagnetic shaft
with rings formed the actuator body delivered a high force per unit volume. Pan et al.
[49] has developed an asymmetric skewed geometry which later was developed further for
planar motors [46].Interestingly, attractive force has been harnessed efficiently to achieve
magnetic levitation [14]. Application oriented manipulation in design for magnetically
levitated system has been carried out by incorporating hybrid magnets by Kakinoki et al.
[27].

Design of LSRM

Performance characteristics of a LSRM directly depend on the design of geometrical as well
as electrical parameters of the machine. Lee et al. [32] derived a power equation to relate
electrical power and geometrical parameters of LSRM. The power equation is derived from
a fine tuned rotary counterpart which can be further exploited to optimize the design.
LSRMs are often operated at saturation conditions for optimum performance. Hence it
is essential to analyze as per the condition of operation. Baoming et al. [5] obtained a
similar power equation for a TF configuration which incorporates an overloading factor.
A modification in power equation by Pan et al. [49] relates the geometric variables for the
skewed asymmetric teeth profile with the power input. The geometric variables are further
studied for optimization by Wang et al. [57]. The above mentioned formulation of power
equation, set the guideline to determine the geometrical parameters of the machine under
specific power input. Impact of different shape profiles on the performance characteristics
have been studied by several researchers. Takayama et al. [54] has observed a sharp drop
in the force profile along the stroke length of a LSRM, when the pole width is reduced
beyond the width of the primary. No commendable profile change has been recorded with
increase in pole width of the secondary. Hence, to avoid peak material saturation, the
pole width of secondary should not be less than that of primary [36]. EspArito-Santo
A.E. et al. [21] elaborates on the effect of pole shapes on the performance characteristics
where different pole shapes are studied under identical phase current excitation. The
finite element study reveals that the different pole shapes deliver force profiles which
can be exploited for a wide range of operation. Liu and Chen [36] classifies a set of
feasible operation polygons for machine dimension, from where pole pitch and pole sizes
of both LF and TF configurations are optimised. An objective function, formulated to
minimize the work done sets geometric constraints on the pole dimensions. Fonseca et
al.[22] too adopted a feasible polygon in its pre-design step to estimate pole sizes. Amoros
and Andrada [3] has studied the impact of geometrical parameters on the performance
of a double sided LSRM which incorporates a similar feasible polygon to analyse the
influence of pole width. The study reveals that the primary pole width had more influence
on performance characteristics and influences the higher peak and average force values.
Elevarasan et al. [20] conducted a study on a gashed pole LSRM to study its impact
on force ripple and mass reduction of stator while Lenin and Arumugam [33] observes
a reduction of force ripple by incorporating stator pole shoe in their LSRM. The above
section thus provides a diverse range of design algorithms emphasizing on power equation.

Analysis of LSRM

Design analysis of LSRM incorporates analytical and numerical algorithms commonly
used for the RSRM. A popular method of developing an analytical model is the reluctance
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network model from which magnetic flux linkages are estimated. Significant development
in such network models ([37], [29], [17], [9], [43], [6], [49], [51], [47], [1]) have resulted in
better accuracy. However, finite element analysis still remains the most accurate method
to obtain performance characteristics of the machine. Estimating reluctance from flux
tube method ([12], [32], [17], [9], [6]) is popularly used to calculate reluctance or permeance
deterministically, as a function of displacement of mover, to track changes of inductance
with position [10]. Chen et al. [9] has estimated the distribution of magnetic flux linkage in
the air gap for six special mover positions. Gauss-Seidel iteration method with fixed phase
current has been used to determine the distribution of flux linkages. Lee at al. [12] uses
a bisection method to narrow down the variables by iterating for the mmf supplied to the
system. Fonseca et al. [22] adopts the Runga Kutta method to calculate the distribution of
flux linkages while Lee B S. [31] evaluates magnetic flux linkage by applying conservation
of magneto-motive force in the system. Finite Element Analysis/Method (FEA or FEM)
is the most proficient alternative in analysing the flux linkage characteristics. Researchers
([34], [35], [29], [12], [2], [17], [43], [21], [20], [33], [47], [28], [13], [60], [16]) have adopted
2D finite element analysis to calculate thrust and levitation forces in LSRM. Barhoumi
et al. [6] has compared the proposed efficient reluctance network with FEM results which
delivers considerable accuracy. Lee et al. [32] demonstrates 2D results for a single stator
LF LSRM in aligned and unaligned positions. Due to approximation of geometry in 2D,
the primary variables in the weak formulations are approximated which is inconsistent
with the practical model. In 2D, the flow of current is assumed in only one plane but in
practice, the coil windings carrying current are wound in 3D space. Such approximations
lead to error in result. A 3D finite element analysis carried out by ([5], [39], [14], [15],
[26], 6], [49], [19]), provides better accuracy of results with experimental data. Zhang et
al. [58] has compared the variation in static force as obtained by 2D and 3D FEA for
short stack length LSRMs. Zou et al. [60] has studied on deformation and acoustic noise
production of a skewed teeth secondary attributed to normal force, which uses FEA. Pan
et al. [50] analyses core losses for a planar switched reluctance motor with time stepping
finite element method. Ganji and Askari [25], with the help of FEM, has carried out an
extensive analysis on full pitched, short pitched and conventional LSRMs. Takayama et al.
[53] has focused their attention on validation of formulation of thrust force by experimental
results by using a matrix of ribbon-like hall effect sensor and semiconductor type sensor,
both in 2D and 3D analysis. The concept of partial magnetic flux is established and
held responsible for maximum contribution to thrust/propulsion force. Liu et al. [40]
determines the stability of a TFLSRM with as a passive stator configuration primarily
adopted to be used as a bogie for transportation purposes. Eigen values of the state space
equation involving closed form equations of voltage, velocity and motion are obtained,
the solution from which ensured stability. Thermal characteristics under different phase
current operation has been studied by [2] and [8]. Dalbadan and Ustkoyuncu [13] used a
combined form of Artificial Neural Network (ANN) and Fuzzy Interference system(FIS),
in a LSRM to analyze performance characteristics of a LF-LSRM. Chen et al. [9] has used
a back propagation feed forward neural network and coupled it with genetic algorithm to
handle six mover position, current and corresponding magnetization flux linkage.

Control

The need of any SRM or LSRM is to be able to achieve the maximum torque or the
thrust force and this can be done by designing a converter which has fast fall and rise
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time. There are various typologies of converters that have been used by the researchers
to make this possible, for example, R-Dump converter, C-Dump converter, C-Dump with
freewheeling converter, asymmetric converter, series passive converter, parallel passive
converter and split source type converter [42], [24]. Among various available topology
of the converter the best available option for this operation is an asymmetric bridge
converter. Asymmetric bridge converter for a single coil can be used many times in the
same DC rail depending on the number of coil required to be controlled independently|[45].
Once the topology of the converter is fixed, the challenge is to have a proper control over
mover position. In any control scheme of LSRM generally there exists three control
blocks namely position control block, current control block and PWM inverter block.
However due to nonlinear relationship of force, position and current, it is required to
have a linearization block in between to have a proper control of position ([28], [19],
[44], [52], [23], [59], [48]) . The easiest way of achieving linear behavior is to use look
up table or force distribution function. The look-up table or force distribution function
can be constructed either experimentally or numerically based on the inverse relationship
between force position and current.

Conclusion

This article aims at delivering a quick glance of vital development stages focusing on
the application of LSRM. A brief discussion on design flexibility and their adaption by
researchers leads to a review of design algorithms already at place. Analytical approaches
are documented for comparison and design validation. Several aspects associated with
performance optimization are also mentioned. An effort has been made to correlate each
section so as to provide a designer with a broader picture of LSRM and further exploit
its features.

References

[1] JG Amoros and P Andrada. Analytical approach to the design of a high-force den-
sity double-sided linear switched reluctance motor. In International Conference on
Renewable Energies and Power Quality, (ICREPQ’10), volume 1. EA4EPQ, 2010.

2] JG Amoros, P Andrada, and B Blanque. An analytical approach to the thermal
design of a double-sided linear switched reluctance motor. In FElectrical Machines
(ICEM), 2010 XIX International Conference on, pages 1-4. IEEE, 2010. https:
//doi.org/10.1109/ICELMACH.2010.5608298.

[3] Jordi Garcia Amoros and Pere Andrada. Sensitivity analysis of geometrical param-
eters on a double-sided linear switched reluctance motor. IEEE Transactions on
Industrial Electronics, 57(1):311-319, 2010. https://doi.org/10.1109/TIE.2009.
2032208.

[4] P Andrada, B Blanqué, E Martinez, M Torrent, Jordi Garcia-Amords, and JI Perat.
New linear hybrid reluctance actuator. In FElectrical Machines (ICEM), 2014 Inter-
national Conference on, pages 585-590. IEEE, 2014.

[5] Ge Baoming, Anibal T de Almeida, and Fernando JTE Ferreira. Design of transverse
flux linear switched reluctance motor. IEEE Transactions on magnetics, 45(1):113—
119, 20009.

265


https://doi.org/10.1109/ICELMACH.2010.5608298
https://doi.org/10.1109/ICELMACH.2010.5608298
https://doi.org/10.1109/TIE.2009.2032208
https://doi.org/10.1109/TIE.2009.2032208

(6]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

E Manaa Barhoumi, Frédéric Wurtz, Christian Chillet, B Ben Salah, and Olivier
Chadebec. Efficient reluctance network formulation for modeling design and opti-
mization of linear hybrid motor. IEEE Transactions on Magnetics, 52(3):1-4, 2016.
https://doi.org/10.1109/TMAG.2015.2496730.

El Manaa Barhoumi, Ahmed Galal Abo-Khalil, Youcef Berrouche, and Frederic
Wurtz. Analysis and comparison of end effects in linear switched reluctance and
hybrid motors. Journal of ELECTRICAL ENGINEERING, 68(2):138-142, 2017.
https://doi.org/10.1515/jee-2017-0019.

Nattapon Chayopitak and David G Taylor. Thermal analysis of linear variable reluc-
tance motor for manufacturing automation applications. In FElectric Machines and
Drives, 2005 IEEE International Conference on, pages 866—873. IEEE, 2005.

H Chen, W Yan, and Q Wang. Electromagnetic analysis of flux characteristics of
double-sided switched reluctance linear machine. IEFEE Transactions on Applied
Superconductivity, 26(4):1-7, 2016.

Akira Chiba, Tadashi Fukao, Osamu Ichikawa, Masahide Oshima, Masatugu Take-
moto, and David G Dorrell. Magnetic bearings and bearingless drives. Elsevier, 2005.

J Corda and E Skopljak. Linear switched reluctance actuator. In Electrical Machines
and Drives, 1993. Sizth International Conference on, pages 535-539. IET, 1993.

J Corda and M Wilkinson. Modelling of static thrust characteristics of cylindrical
linear switched reluctance actuator. 1995.

Ferhat DALDABAN and Nurettin USTKOYUNCU. Inductance estimating of linear
switched reluctance motors with the use of adaptive neuro-fuzzy inference systems.
Gazi University Journal of Science, 22(2):89-96, 2009.

Saeed Darabi, Ashkan Mohammadi, and Saman Hosseini Hemati. Advantages of
longitudinal flux linear switched reluctance motor compared to transverse flux linear
switched reluctance motor for levitation purposes. In Electrical and Computer Engi-
neering (CCECE), 2011 24th Canadian Conference on, pages 000832-000835. IEEE,
2011.

Saeed Darabi, Yousef Alinejad Beromi, and Hamid Reza Izadfar. Comparison of two
common configurations of Isrm: Transverse flux and longitudinal flux. In Electrical
and Power Engineering (EPE), 2012 International Conference and Ezposition on,
pages 451-455. IEEE, 2012.

Uday Deshpande. Two-dimensional finite-element analysis of a high-force-density
linear switched reluctance machine including three-dimensional effects. IEEE Trans-
actions on Industrial Applications, 36(4):1047-1052, 2000. https://doi.org/10.
1109/28.855959.

Uday S Deshpande, Jimmie J Cathey, and Eike Richter. High-force density linear
switched reluctance machine. IEEE Transactions on Industry Applications, 31(2):
345-352, 1995. https://doi.org/10.1109/28.370283.

266


https://doi.org/10.1109/TMAG.2015.2496730
https://doi.org/10.1515/jee-2017-0019
https://doi.org/10.1109/28.855959
https://doi.org/10.1109/28.855959
https://doi.org/10.1109/28.370283

[18]

[19]

[20]

[21]

[22]

23]

[26]

[27]

28]

M Dursun, F Koc, H Ozbay, and S Ozden. Design of linear switched reluctance
motor driver forautomatic door application. International Journal of Information
and Electronics Engineering, 3(3):237, 2013. https://doi.org/10.7763/IJIEE.
2013.V3.307.

Mabhir Dursun and Ahmet Fenercioglu. Velocity control of linear switched reluctance
motor for prototype elevator load. Przeglad Elektrotechniczny, 87(2a):209-214, 2011.

R Elevarasan, NC Lenin, and R Arumugam. Analysis of linear switched reluctance
motor having gashed pole. In FElectrical Energy Systems (ICEES), 2014 IEEE 2nd
International Conference on, pages 168-170. IEEE, 2014.

AE Espirito-Santo, MRA Calado, and CMP Cabrita. On the influence of the
pole and teeth shapes on the performance of linear switched reluctance actuator.
COMPEL-The international journal for computation and mathematics in electri-
cal and electronic engineering, 30(2):412-430, 2011. https://doi.org/10.1108/
03321641111101005.

DSB Fonseca, CP Cabrita, and MRA Calado. Linear switched reluctance motor. a
new design methodology based on performance evaluation. In Industrial Technology,
2004. IEEE ICIT’04. 2004 IEEE International Conference on, volume 1, pages 519—
524. IEEE, 2004.

Wai-Chuen Gan, Kin-chung Kenneth Chan, GP Widdowson, and Norbert C Che-
ung. Application of linear switched reluctance motors to precision position control.

In Power Electronics Systems and Applications, 200/. Proceedings. 200/ First Inter-
national Conference on, pages 254-259. IEEE, 2004.

S. Ganguli. Studying different types of power converters fed switched reluctance
motor. International Journal of Electronics and Electrical Engineering, 2(4):381—
383, 2011.

Babak Ganji and Mohamad Hasan Askari. Analysis and modeling of different topolo-
gies for linear switched reluctance motor using finite element method. Alezandria En-
gineering Journal, 55(3):2531-2538, 2016. https://doi.org/10.1016/j.aej.2016.
07.017.

Yi Jin, Ruiwu Cao, Yanze Zhang, Xuefeng Jiang, and Wenxin Huang. A new double-
sided primary wound field flux-switching linear motor. In FElectrical Machines and
Systems (ICEMS), 2015 18th International Conference on, pages 243-247. IEEE,
2015.

Toshio Kakinoki, Hitoshi Yamaguchi, Tomoaki Murakami, Eiichi Mukai, and Hi-
royuki Nishi. Development of linear switched reluctance motor for magnetically levi-
tated system. In FElectrical Machines and Systems (ICEMS), 2016 19th International
Conference on, pages 1-4. IEEE, 2016.

L Kolomeitsev, D Kraynov, S Pakhomin, F Rednov, E Kallenbach, V Kireev,
T Schneider, and J Bocker. Control of a linear switched reluctance motor as a
propulsion system for autonomous railway vehicles. In Power FElectronics and Mo-
tion Control Conference, 2008. EPE-PEMC 2008. 135th, pages 1598-1603. IEEE,
2008. https://doi.org/10.1109/EPEPEMC.2008.4635495.

267


https://doi.org/10.7763/IJIEE.2013.V3.307
https://doi.org/10.7763/IJIEE.2013.V3.307
https://doi.org/10.1108/03321641111101005
https://doi.org/10.1108/03321641111101005
https://doi.org/10.1016/j.aej.2016.07.017
https://doi.org/10.1016/j.aej.2016.07.017
https://doi.org/10.1109/EPEPEMC.2008.4635495

[29]

[30]

[31]

[32]

L Kolomeitsev, D Kraynov, S Pakhomin, F Rednov, E Kallenbach, V Kireev,
T Schneider, and J Bocker. Linear switched reluctance motor as a high efficiency
propulsion system for railway vehicles. In Power Electronics, Electrical Drives, Au-
tomation and Motion, 2008. SPEEDAM 2008. International Symposium on, pages
155-160. IEEE, 2008. https://doi.org/10.1109/SPEEDHAM. 2008.4581317.

Ramu Krishnan. Switched reluctance motor drives: modeling, simulation, anal-
ysis, design, and applications. CRC press, 2001. https://doi.org/10.1201/
9781420041644.

Byeong-Seok Lee. Linear switched reluctance machine drives with electromagnetic
levitation and guidance systems. PhD thesis, 2000.

Byeong-Seok Lee, Han-Kyung Bae, Praveen Vijayraghavan, and R Krishnan. Design
of a linear switched reluctance machine. In Industry Applications Conference, 1999.
Thirty-Fourth IAS Annual Meeting. Conference Record of the 1999 IEEFE, volume 4,
pages 2267-2274. IEEE, 1999.

NC Lenin and R Arumugam. Analysis and experimental verification of a linear
switched reluctance motor having special pole shape. Majlesi Journal of Electrical
Engineering, 4(2):1-7, 2010.

Hong Sun Lim and Ramu Krishnan. Ropeless elevator with linear switched reluctance
motor drive actuation systems. IEEE Transactions on Industrial Electronics, 54(4):
2209-2218, 2007. https://doi.org/10.1109/TIE.2007.899875.

Hong Sun Lim, Ramu Krishnan, and Nimal S Lobo. Design and control of a linear
propulsion system for an elevator using linear switched reluctance motor drives. IEEE
Transactions on Industrial Electronics, 55(2):534-542, 2008. https://doi.org/10.
1109/TIE.2007.911942.

Cheng-Tsung Liu and Yan-Nan Chen. On the feasible polygon classifications of
linear switched reluctance machines. IEEE Transactions on Energy Conversion, 14
(4):1282-1287, 1999. https://doi.org/10.1109/60.815060.

Cheng-Tsung Liu and Jian-Long Kuo. Experimental investigation and 3-d modelling
of linear variable-reluctance machine with magnetic-flux decoupled windings. IEEFE
Transactions on Magnetics, 30(6):4737-4739, 1994. https://doi.org/10.1109/20.
334206.

Cheng-Tsung Liu and Nywen Sheu. Optimal pole arrangement design of a linear
switched-reluctance machine for magnetic levitation and propulsion system. [IEEFE
transactions on magnetics, 32(5):5067-5069, 1996. https://doi.org/10.1109/20.
539492.

Cheng-Tsung Liu, Kun-Shian Su, and Ming-Huei Lee. Three-dimensional field and
side-force design analyses of a transverse flux linear switched-reluctance machine.
IEEFE transactions on magnetics, 34(4):2132-2134, 1998. https://doi.org/10.
1109/20.706827.

268


https://doi.org/10.1109/SPEEDHAM.2008.4581317
https://doi.org/10.1201/9781420041644
https://doi.org/10.1201/9781420041644
https://doi.org/10.1109/TIE.2007.899875
https://doi.org/10.1109/TIE.2007.911942
https://doi.org/10.1109/TIE.2007.911942
https://doi.org/10.1109/60.815060
https://doi.org/10.1109/20.334206
https://doi.org/10.1109/20.334206
https://doi.org/10.1109/20.539492
https://doi.org/10.1109/20.539492
https://doi.org/10.1109/20.706827
https://doi.org/10.1109/20.706827

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Cheng-Tsung Liu, Kun-Shian Su, and Jyh-Wei Chen. Operational stability enhance-
ment analysis of a transverse flux linear switched-reluctance motor. IEEFE transac-
tions on magnetics, 36(5):3699-3702, 2000. https://doi.org/10.1109/20.908945.

Jean-Francois Llibre, Nicolas Martinez, Pascal Leprince, and Bertrand Nogarede.
Analysis and modeling of linear-switched reluctance for medical application. In Ac-
tuators, volume 2, pages 27-44. Multidisciplinary Digital Publishing Institute, 2013.

S. M. Mahmoud, M. Z. El-Sherif, and E. S. Abdel-Aliem. Studying different types of
power converters fed switched reluctance motor. International Journal of Electron-
ics and FElectrical Engineering, 1(4):281-290, 2013. https://doi.org/10.12720/
ijeee.1.4.281-290.

El ManaaBarhoumi, Frederic Wurtz, Christian Chillet, and Boujemaa Ben Salah.
Reluctance network model for linear switched reluctance motor. In Systems, Signals
& Devices (SSD), 2015 12th International Multi-Conference on, pages 1-4. IEEE,
2015.

Mohd Nazmin Maslan, Hikaru Kokumai, and Kaiji Sato. Development and precise
positioning control of a thin and compact linear switched reluctance motor. Precision
Engineering, 48:265-278, 2017. https://doi.org/10.1016/j.precisioneng.2016.
12.0009.

TJE Miler. Switched reluctance motor and their control. Magne Physics Publishing,
1993.

JF Pan, NC Cheung, WC Gan, and SW Zhao. A novel planar switched reluctance
motor for industrial applications. IEEFE transactions on magnetics, 42(10):2836-2839,
2006.

JF Pan, Yu Zou, Norbert C Cheung, and Guang-zhong Cao. Design and optimiza-
tion for the linear switched reluctance generator. In Power Electronics Systems and
Applications (PESA), 2011 4th International Conference on, pages 1-5. IEEE, 2011.

JF Pan, Yu Zou, and Guang-Zhong Cao. A dual-loop position controller for the
improved planar-switched reluctance motor. Proceedings of the Institution of Me-
chanical Engineers, Part B: Journal of Engineering Manufacture, 226(8):1379-1387,
2012. https://doi.org/10.1177/0954405412446916.

JF Pan, Yu Zou, and Guangzhong Cao. An asymmetric linear switched reluctance
motor. [EEE Transactions on Energy Conversion, 28(2):444-451, 2013. https:
//doi.org/10.1109/TEC.2013.2252178.

JF Pan, FJ Meng, and Norbert C Cheung. Core loss analysis for the planar switched
reluctance motor. IEEE transactions on magnetics, 50(2):813-816, 2014. https:
//doi.org/10.1109/TMAG.2013.2285377.

JF Pan, Yu Zou, Guangzhong Cao, Norbert C Cheung, and Bo Zhang. High-
precision dual-loop position control of an asymmetric bilateral linear hybrid switched
reluctance motor. [EFEE Transactions on Magnetics, 51(11):1-5, 2015. https:
//doi.org/10.1109/TMAG.2015.2447522.

269


https://doi.org/10.1109/20.908945
https://doi.org/10.12720/ijeee.1.4.281-290
https://doi.org/10.12720/ijeee.1.4.281-290
https://doi.org/10.1016/j.precisioneng.2016.12.009
https://doi.org/10.1016/j.precisioneng.2016.12.009
https://doi.org/10.1177/0954405412446916
https://doi.org/10.1109/TEC.2013.2252178
https://doi.org/10.1109/TEC.2013.2252178
https://doi.org/10.1109/TMAG.2013.2285377
https://doi.org/10.1109/TMAG.2013.2285377
https://doi.org/10.1109/TMAG.2015.2447522
https://doi.org/10.1109/TMAG.2015.2447522

[52]

[53]

[54]

[55]
[56]

[57]

[58]

[59]

[60]

Kamel Ben Saad and Ahlem Mbarek. Half step position sensorless control of a linear
switched reluctance motor based on back emf. automatika, 57(3):660-671, 2016.

K Takayama, Y Takasaki, R Ueda, T Sonoda, and T Iwakane. A new type switched
reluctance motor. In Industry Applications Society Annual Meeting, 1988., Confer-
ence Record of the 1988 IEEE, pages 71-78. IEEE, 1988. https://doi.org/10.
1109/IAS.1988.25044.

K Takayama, Y Takasaki, R Ueda, and T Sonoda. Thrust force distribution on the
surface of stator and rotor poles of switched reluctance motor. IEEE Transactions
on Magnetics, 25(5):3997-3999, 1989. https://doi.org/10.1109/20.42502.

W H. Taylor. Obtaining motive power, 1840. England 8255.

Julio LUCAS Torralba and Manuel PINILLA Martin. Switched reluctance linear
motor/generator, September 18 2012. US Patent 8,269,378.

Daohan Wang, Chunlei Shao, and Xiuhe Wang. Design and performance evaluation of
a tubular linear switched reluctance generator with low cost and high thrust density.
IEEE Transactions on Applied Superconductivity, 26(7):1-5, 2016. https://doi.
org/10.1109/TASC.2016.2611941.

Zhu Zhang, Norbert C Cheung, KWE Cheng, XD Xue, and JK Lin. Longitudinal
and transversal end-effects analysis of linear switched reluctance motor. IEEFE trans-
actions on magnetics, 47(10):3979-3982, 2011. https://doi.org/10.1109/TMAG.
2011.21543009.

Shi Wei Zhao, Norbert C Cheung, Wai-Chuen Gan, Jin Ming Yang, and Jian Fei Pan.
A self-tuning regulator for the high-precision position control of a linear switched
reluctance motor. IEEE Transactions on Industrial Electronics, 54(5):2425-2434,
2007. https://doi.org/10.1109/TIE.2007.900348.

Yu Zou, Ka-Wai Eric Cheng, Norbert C Cheung, and Jianfei Pan. Deformation
and noise mitigation for the linear switched reluctance motor with skewed teeth
structure. IEEE Transactions on Magnetics, 50(11):1-4, 2014. https://doi.org/
10.1109/TMAG.2014.2323420.

Juan Chowdhury, Gaurav Kumar, Karuna Kalita, Sashindra K Kakoty

Mechanical Engineering Department

Indian Institute of Technology Guwahati

Guwahati - 781039, India

juan.c@iitg.ernet.in, gaurav.kr@iitg.ernet.in, karuna.kalita@iitg.ernet.in
sashin@iitg.ernet.in

Kari Tammi

School of Engineering, Department of Mechanical Engineering

Aalto University

Espoo, Finland

Kari.Tammi@aalto.fi

270


https://doi.org/10.1109/IAS.1988.25044
https://doi.org/10.1109/IAS.1988.25044
https://doi.org/10.1109/20.42502
https://doi.org/10.1109/TASC.2016.2611941
https://doi.org/10.1109/TASC.2016.2611941
https://doi.org/10.1109/TMAG.2011.2154309
https://doi.org/10.1109/TMAG.2011.2154309
https://doi.org/10.1109/TIE.2007.900348
https://doi.org/10.1109/TMAG.2014.2323420
https://doi.org/10.1109/TMAG.2014.2323420

	Introduction
	Selection of Configurations
	Design of LSRM
	Analysis of LSRM
	Control
	Conclusion

