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1 Introduction 
Increasing demands for improving the living 

conditions and quality of life of people and new 

modern materials and technologies are a prerequisite 

for seeking new opportunities to receive more 

information from visually impaired people. Such an 

opportunity is provided by the so-called Braille 

screens - the subject of research by many authors 

[1]-[3].  

During the last decade, a number of touch screen 

devices for visually impaired users have been 

announced, as follows: 

Graphiti - an Interactive Tactile Graphics 

Display based on Tactuator technology [4]. It has an 

array of 60x40 moving pins. Each pin is 

independently addressable. 

BlindPAD - an interactive tactile tablet that can 

display in real time maps, graphics, and other 

symbols [5]. The tablet has 12x16 independently 

controlled pins. The tablet has 200 mN holding 

force. 

HyperBraille - in the opinion of the authors is the 

best tactile graphics display at present [6]. It is a 

graphics-enabled laptop with 9,000 pin-matrix 

appeared in 2008. The display is touch-sensitive so 

the user can locate the cursor position. Ac-cording 

to [7], in 2015 the model with a pin-matrix of 7,200 

dots, arranged in a 120x60 array, costed about 

$56,000. 

In [8] a prototype of a Graphical Braille Display 

is proposed. The Braille Display represents a matrix, 

comprised of a base with actuators - fixed linear 

electromagnetic micro drives.  

In a series of previous works, [9]-[11], the 

possibilities of using as basic elements for 

construction of a Braille screen with reduced 

consumption of polarized actuating magnets are 

considered. They investigate the influence of 

different geometric parameters on their basic 

characteristics under different operating modes. The 

results obtained show that their performance 

generally depends on two main indicators - the force 

of departure from the extreme lower position and 

the force of retention in the extreme upper position. 

It is of interest to investigate the possibilities for 

improving them (reducing the permanent magnet 

holding force in the lower position and increasing 

the starting force from this position 

 

 

2 Research and Development 
Electromagnetic drive structures are being studied, 

Fig. 1. The mover is a permanent magnet. The upper 

and lower coil (windings) are connected in series. 

This connection is constructed so that the flux 

created by each of them is in opposite directions in 

the mover zone. By choosing the proper power 

supply polarity, the motion of the mover will be in 

desired direction. Additional construction variants 

of the actuator have also been considered, in which 

two small ferromagnetic discs are placed on both 

sides - upper and lower - of the moving permanent 
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magnet. This actuator is also energy efficient, as 

energy is used only for changing the position of the 

moving part from lower to upper and vice versa. 

Both at lower and at upper position, no energy is 

used. At these positions, the mover is kept fixed due 

the force ensured by the permanent magnet (sticks 

to the core), [12].  

  
Fig. 1: General view of electromagnetic module for 

Braille screen: 1 - axis; 2 and 10 - magnetic cores; 3 

- external magnetic conductor; 4 and 9 - control 

windings; 5 and 8- ferromagnetic washers; 6 – non-

magnetic sleeve; 7 - permanent magnet. 

In the most general case, they contain an external 

magnetic core (conductor), control coils with 

magnetic circuits (lower and upper kernel) and an 

anchor, which is an axially magnetized permanent 

magnet with ferromagnetic washers and non-

magnetic axes on both sides. The actuation to the 

two end positions is carried out by means of 

electrical impulses applied to the control coils, and 

the holding of the anchor in the end positions (upper 

and lower) is by a permanent magnet. 

We consider the development of three variants of 

the Braille Screen / Display for visually impaired 

people: 

- Small, up to 24x16 pins. It will be used by 

children in schools for exploring simple graphics, 

Fig. 2; 

- Average, up to 48x32 pins. It will be used by 

visually impaired users when working with 

computers and graphical interface - Windows icons; 

- Large, up to 128x96 pins and more. These 

displays will be designed for museums and galleries. 

They will present the cultural and historical heritage 

- paintings, tapestries, icons. 

The studies are performed by modeling using the 

finite element method (FEMM computer program), 

with a Maxwell stress tensor approach to calculate 

the force and an algorithm developed to determine 

the “force-travel” characteristics and the magnetic 

field distribution for different positions of the 

anchor and different power modes of the control 

coils, for different designs. The geometrical 

parameters of the linear electromagnetic micro 

drives are optimized. 

 
Fig. 2a: Drawing on the Braille screen: 

User drawings can be shown with lines similar the 

original. 

 
Fig. 2b: Drawing on the Braille screen: 

A view of user-generated content with resolution 

16x20 pins. 

 

 

3 Optimization of the Braille Screen 

Modules 
We have conducted research and development to 

improve the performance of patented versions of 

electromagnetic modules for Braille Display, [9]-

[11]:  

 

3.1 Study of a Variant with a Conical Lower 

Washer and a Flat Lower Core 

The investigated construction is shown in Fig. 3. It 

is characterized by the presence of a bevel at a 

certain angle on the inner surface of the lower 

washer. 

 

The tests were performed for different bevel 

angles and different current densities at the 

following sizes of the individual components: 
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- free stroke of the movable part -1.5mm; 

- height of the windings Hcoil - 10 mm; 

- outer radius of the module Rout - 2.5 mm; 

- height of the permanent magnet Hmag –2 mm; 

- height of the upper washer HdiskUP -1 mm; 

- height of the lower washer HdiskDOWN -1 

mm. 

The obtained static characteristics are respectively - in the absence of power supply in Fig. 4 and at different current densities - in Fig. 5, 6 and 7. The distribution of the magnetic field for different positions of the anchor is shown in Fig. 8, 9 and 10. 

Characteristics force-displacement (travel) are 

made at current density J = 0, 5, 10 and 20 A / mm2 

and different angles Adown = 0, 10, 20, 30, 40, 50 

and 60 deg. of the bevel of the lower washer. 

                

Fig. 3: Construction with conical lower washer and 

flat lower core: 1 - axis; 2 - upper core; 3 - external 

magnetic conductor; 4 and 9 - control windings; 5– 

upper flat ferromagnetic washer; 6 - non-magnetic 

sleeve; 7 - permanent magnet; 8 - lower conical 

ferromagnetic washer; 10 - lower flat core 

 The main advantage of the design is that the 

movement of the needles (axes) from the extreme 

lower position requires low power consumption due 

to the reduced contact area between the cylindrical 

axially magnetized permanent magnet with a lower 

ferromagnetic washer tapered on the inside and the 

lower flat magnetic core, [13]. 

 

F (N) 

Y (mm) 

Fig. 4: Characteristics force-displacement: J=0 

A/mm2, Adown= 0-60 deg. 

 

 
F (N) 

Y (mm) 

Fig. 5: Characteristics force-displacement: J=5 

A/mm2, Adown= 0-60 deg. 

 

 
F (N) 

Y (mm) 
 

Fig. 6: Characteristics force-displacement: J=10 

A/mm2, Adown= 0-60 deg. 
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F (N) 

Y (mm) 
 

Fig. 7: Characteristics force-displacement: J=20 

A/mm2, Adown= 0-60 deg. 

    

Fig. 8: The distribution of the magnetic field for 

lower positions of the anchor 

  

Fig. 9: The distribution of the magnetic field for 

neutral positions of the anchor 

 

  

Fig. 10: The distribution of the magnetic field for 

upper positions of the anchor 

 

3.2 Examination of a Variant with a Flat 

Lower Washer and a Beveled Inner Surface 

of the Lower Core 
The investigated construction is shown in Fig. 11. It 

is characterized by the presence of a bevel at a 

certain angle on the inner surface of the upper part 

of the lower core. 

 

The tests were performed for different bevel 

angles and different current densities at the 

following sizes of the individual components: 

- free stroke of the movable part -1.5mm; 

- height of the windings Hcoil - 10 mm; 

- outer radius of the module Rout - 2.5 mm; 

- height of the permanent magnet Hmag –2 mm; 

- height of the upper washer HdiskUP -1 mm; 

- height of the lower washer HdiskDOWN -1 

mm. 

The obtained static characteristics are 

respectively - in the absence of power supply in Fig. 

12 and at different current densities - in Fig. 13, 14 

and 15. The distribution of the magnetic field for 

different positions of the anchor is shown in Fig. 16, 

17 and 18. 

Characteristics force-displacement (travel) are 

made at current density J = 0, 5, 10 and 20 A / mm2 

and different angles Adown = 0, 10, 20, 30, 40, 50 

and 60 deg. of the bevel of the lower magnetic core. 

The main advantage of the design is that the 

movement of the needles (axes) from the extreme 

lower position requires low power consumption due 

to the reduced contact area between the cylindrical 

axially magnetized permanent magnet with a lower 

flat ferromagnetic washer and the lower magnetic 

core tapered on the inside, [14].  
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Fig. 11: Construction with flat lower washer and 

conical lower core: 1 - axis; 2 – upper core; 3 - 

external magnetic conductor; 4 and 9 - control 

windings; 5– upper flat ferromagnetic washer; 6 - 

non-magnetic sleeve; 7 - permanent magnet; 8 - 

lower flat ferromagnetic washer; 10 - lower conical 

core. 

 
F (N) 

Y (mm) 

Fig. 12: Characteristics force-displacement: J=0 

A/mm2, Adown= 0-60 deg. 

 

 

F (N) 

Y (mm) 

Fig. 13: Characteristics force-displacement: J=5 

A/mm2, Adown= 0-60 deg. 

 F (N) 

Y (mm) 

Fig. 14: Characteristics force-displacement: J=10 

A/mm2, Adown= 0-60 deg. 

F (N) 

Y (mm) 

Fig. 15: Characteristics force-displacement: J=20 

A/mm2, Adown= 0-60 deg. 
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Fig. 16: The distribution of the magnetic field for 

lower positions of the anchor 

    

Fig. 17. The distribution of the magnetic field for 

neutral positions of the anchor 

    

Fig. 18. The distribution of the magnetic field for 

upper positions of the anchor 

4 Conclusion 
The analysis of the obtained results shows that the 

best possibilities for improving the power-stroke 

characteristics of the linear electromagnetic micro 

drives are provided by the construction of Fig. 11. It 

allows to reduce the holding force of the anchor in 

the lower position, which in turn can be expected to 

improve the dynamic characteristics of the system. 

The use of a permanent magnet with a hole will also 

contribute to the latter, which will allow the use of 

an entire non-magnetic axis. As a result, the mass of 

the anchor will be reduced due to the elimination of 

the need to use the fixing non-magnetic sleeve, 

which will not only improve the dynamic 

characteristics, but also increase the holding force in 

the uppermost position of the anchor. The use of a 

permanent magnet with a hole and a whole non-

magnetic axis will allow both to simplify the design 

of the modules and to improve its manufacturability. 

The main benefit of this research and 

development is that a permanent magnet with a hole 

is used, combined with a reduced contact area in the 

lower position - through a conical lower washer or a 

beveled lower core. This requires less force to move 

from a lower position, which is associated with 

lower energy consumption. Energy efficiency is 

significantly increased for a Braille display with 

multiple linear electromagnetic micro motors - for 

example 90 x 60 = 5400. 
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