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Abstract: Several constructions of electromagnetic actuators waking permanent

magnet for Braille screen are studied. All they are formednfia basic one that con-
sists of two coils, core and moving permanent magnet. Thefelement method is
used for modelling of the magnetic field and for obtaining étectromagnetic force

acting on the mover. The static force-stroke charactesistie obtained for four differ-

ent constructions of the actuator. The constructions vatloinagnetic disc between
the coils ensure greater force than the ones without disaccandeach the required
minimum force.

Keywords: Linear actuators; permanent magnets; finite element metBoallle
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1 Introduction

HE DEVELOPMENT of electromagnetic actuators and the increasing demand
for energy saving gave rise of intensive use of permanent magnetsdaredif

types of actuators. Design of new constructions is employed in wider. aGras
such area is the facilitation of perception of images by visually impaired people
using the so called Braille screens. In recent years, different appes have been
utilized for the actuators used to move Braille dots [1-9]. A linear magnetic-actua
tor designed for a portable Braille display application is presented in [Xlia&ors
based on piezoelectric linear motors are given in [2, 3]. A phase-ehiaugyoac-
tuator is presented in [4] for use in a dynamic Braille display. Similar principle

Manuscript received on June 11, 2011.
The authors are with Technical University of Sofia, Dept. of Electriggbdratus, 8, Kl. Ohrid-
sky Blvd., 1000 Sofia, Bulgaria (e-maitat chev@ u- sof i a. bg).

157



158 I. Yatchev, K. Hinov, |. Balabozov, and K. Krasteva:

is employed in [6], where actuation mechanism using metal with a low melting
point is proposed. In [7], Braille code display device with a polydimethylsilox
ane membrane and thermopneumatic actuator is presented. Braille shegtidispla
presented in [8] and has been successfully manufactured on a plastinyfilte-
grating a plastic sheet actuator array with a high-quality organic transistive a
matrix. A new mechanism of the Braille display unit based on the inverse pléncip
of the tuned mass damper is presented in [9].

In the present paper, several constructions of electromagnetic astudth
moving permanent magnet for Braille screen are studied using the finite élemen
method and their force-stroke characteristics are obtained.

2 Studied Electromagnetic Actuators

The principal construction of the studied actuators consists of moving pemha
magnet, two coils and ferromagnetic core. Two basic constructions of tinaters
are studied - without and with ferromagnetic disc in the coil. They are dergted
variant 1 and variant 2. Each variant has two modifications - with outee yak
and without outer yoke (b). Thus, four construction variants are fdrrireFig. 1
and Fig. 2, the principle constructions of the four variants are given.

1 1

2

3

a) b)
Fig. 1. Principal construction of variant 1: a) variant 1a; b) varidntll- upper yoke; 2 - upper coil;
3 - moving magnet; 4 - lower coil; 5 - lower yoke; 6 - outer core.

The moving permanent magnet is NdFeB one and is magnetized axially. It is
fixed on a driving nonmagnetic shaft, which is not shown in the figures.

The dimensions of the actuators are as follows: overall outer diameter: 5 mm;
coil height: 5 mm; permanent magnet outer diameter: 2 mm; thickness of the upper
and lower yoke: 2 mm; thickness of the outer core: 0.5 mm.

The two coils are connected in such way that they create opposite fluxes in
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a) b)
Fig. 2. Principal construction of variant 2: a) variant 2a; b) variant2- upper yoke; 2 - upper coil;
3 - moving magnet; 4 - lower coil; 5 - lower yoke; 6 - outer core; ; 7 -daragnetic disc.

their inner space. Thus, in both cases of power supply one of the cedtesrflux
coinciding with the magnet flux. We will consider the case, when the uppker co
creates flux coinciding with the magnet flux, a case with positive coil cturiiére
opposite supply will be a case of negative coil current.

3 Finite Element Modelling

For the magnetic field modelling of actuators, the finite element method and the
program FEMM [10] are used. For speeding-up the computations, tript$s
employed. Axisymmetric model is adopted as the actuators feature rotatiomal sy
metry. The electromagnetic force acting on the moving permanent magnet is ob-
tained using the weighted stress tensor approach.

Fig. 3. Flux lines for variant 2b, symmetry position of the magnet andipesoil current.
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An example of the flux lines distribution is given in Fig. 3. In this case, the
force on the magnet is in upward direction.

4 Static Force Characteristics

The static force-stroke characteristics are obtained for the four catisin vari-
ants. The results are obtained for different lengths of the permanemtemnangd
fixed apparent current density in the coils - 20 A/fam

The stroke is formed by taking minimal air gap of 0.1 mm and moving the
magnet between the two yokes. The symmetry position (with equal air gaps on
both sides of the magnet) is considered zero, thus the stroke is symmetooal ab
it. The stroke is thus different for the different magnet lengths but isydvgreater
than the required minimum working stroke of 0.5-0.6 mm for actuators intended to
move Braille dots. Thus the working stroke could be chosen appropriattédinw
the whole possible stroke.

The force-strokgF — x) characteristics for the four variants at positive coil
current are given in Figs. 4-7.
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Fig. 4. Force-stroke characteristics of variant 1a at positive caieotiand different magnet lengths.

The presence of outer core ("a” variants) does not influent significdhe
force, in fact it leads to slightly smaller force that the variants without outes c
("b” variants) in the major part of the stroke. Outer core, though, couleeio
significantly the influence on neighbouring actuators - for a Braille scteere
should be matrix of actuators.

In order to be able to estimate the actuator performance, also charactettistics
negative coil current and without current are needed. In Fig4, 8x& force-stroke
characteristics without current in the coils (i.e. due only to the permanemiatjag
are given.

For the last case, three different thicknesses of the ferromagnetibeatiseen
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Fig. 5. Force-stroke characteristics of variant 1b at positive coibotiand different magnet lengths.
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Fig. 6. Force-stroke characteristics of variant 2a at positive caieatiand different magnet lengths.
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Fig. 7. Force-stroke characteristics of variant 2b at positive coibotiand different magnet lengths.

the coils are studied (for all other cases, a thickness of 1 mm was uséd). T
characteristics without current for three magnet lengths are shownsn E&y 13
and 14.

The disc thickness influences more significantly the magnet force for #te fir
two magnet lengths - 2 and 4 mm, while for 6 mm magnet the influence is in the
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Fig. 9. Force-stroke characteristics of variant 1b without currerdifeerent magnet lengths.
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Fig. 10. Force-stroke characteristics of variant 2a without cur@rdifferent magnet lengths.

end zones of the stroke. The characteristics with negative coil cydenoted by
"c1l=1,c2=-1" in the subsequent figures) are given together with tfeegeositive
current ("cl=-1,c2=1") for three magnet lengths for constructionavas la and
2ain Figs. 15-20.

As pointed out before, the characteristics for "b” variants - without rocibee



Static Force Characteristics of Electromagnetic Actuators for Braille Scra&3

=—=hrm=1 mrn
=hrm=2
==hrn=3 rmm
hirm=4 rrn
=—=hrn=3 mrn
==hrm=E rim

=—hrm=7 rm i o
f=—rm=z mm E - sl ool il
==hirn=4 rnm

Fr 7 {77117
N S A A A

F F P T
Pl e e o g8 =R

&

44 &
- e o e M

Fig. 11. Force-stroke characteristics of variant 2a without cur@rdifferent magnet lengths.
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Fig. 12. Force-stroke characteristics of variant 2b, 2 mm magnet, wiithorent, for different disc
thickness.
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Fig. 13. Force-stroke characteristics of variant 2b, 4 mm magnet, withorent, for different disc
thickness.
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- are very close the ones with outer core. In the characteristics fomv&tefor 2
and 4 mm magnet (Fig. 18 and Fig. 19), the influence of the ferromagnetiocndis
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Fig. 14. Force-stroke characteristics of variant 2b, 6 mm magnet, witharent, for different disc
thickness.
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Fig. 15. Force-stroke characteristics of variant 1a, 2 mm magnegtpg&itive and negative current.
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Fig. 16. Force-stroke characteristics of variant 1a, 4 mm magnegtpgitive and negative current.

the coil is seen clearly, while for the 6 mm magnet (Fig. 20) the characteristic is
similar to the one without disc in the coil (i.e. variant 1).

The working stroke of the actuator should be defined in such way thatcht e
end position the permanent magnet to be able to create enough holdingridriog
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Fig. 17. Force-stroke characteristics of variant 1a, 6 mm magneip&itive and negative current.
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Fig. 18. Force-stroke characteristics of variant 2a, 2 mm magnetpfitive and negative current.
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Fig. 19. Force-stroke characteristics of variant 2a, 4 mm magnegtpfitive and negative current.
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supplying the coils with the proper current, the magnet to move to the otheioend p
sition. In most of the construction variants it is possible to find a stroke tHalsfu
these requirements. The value of the holding force for the suitable sttbkegh,

is below the recommended limit of 0.1 N, although there are variants, where its
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Fig. 20. Force-stroke characteristics of variant 2a, 6 mm magnegtpfitive and negative current.

value is close to the limit. That is why further research could include optimization,
with employing other geometric factors in addition to the magnet length and disc
thickness.

5 Conclusion

Static force characteristics have been obtained for the different cetistrs of
permanent magnet linear actuator for moving Braille dot in a Braille screba. T
obtained results show that different characteristics could be obtairetb dliffer-
ent magnet lengths, presence of ferromagnetic disc between the coits tridk-
ness. The presence of outer core does not influence significantlidihecteristics
of the actuator. It could be of help to avoid undesired magnetic field intagfac
between adjacent actuators. Further research could include optimizattomare
geometric factors.
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