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Dynamic Braille Display Using Dielectric Elastomer
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(Hyoukryeol Choi, Sangwon Lee, Kwangmok Jung, Seongil Lee, Hugon Choi, Jaewook Jeon, and Jaedo Nam)

Abstract : As one of the principal modalities of human sensation, tactile feel is prerequisite for building wide variety of applications
such as telemanipulation, virtual reality and medical engineering. A dynamic Braille display device based on a polymer actuator is
presented. The actuator, often called artificial muscle actuator has advantageous features over the existing methods in terms of
intrinsic softness, ease of fabrication, cost-effectivensss and miniaturization. The principles of actuation with dielectric elastomer is
introduced, and necessary considerations on the design of a tactile display device are discussed. The design of the device is described
in detail including the fabrication process and driving electronics. Also, preliminary results of experiments are given to evaluate its

performance.
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Fig. 1. Schematic diagram of tactile display.



Joumal of Control, Automation, and Systems Engineering, Vol. 9, No. 8, August, 2003

me

(
[

1%5} ?57]7]' B EHE =
:IL%%—‘?— A A7VE T T“?i-ﬂrﬂ
o] HEont o FFAEE F
2 e =2 g RS Z?_h:]r
AkE FAe 7|&EY FAEH} FEHE
- I dck AR FA e 3¢ t=F
#lo] Q45| LA ARFE o)&F FEVE TAEHA A
) RSl v|3le] F-=2]- ¢ (compliant) F
229 A% Ao)g 4= 2t compliance controllable). &)
TEA ARE o833 e A9 B AEu7E A
gk o] 7hdshAl 7HEE 4 2UtHease of fabrication, cost
effectiveness). AR Z ALY Fxe= 2FF}7] A4 75
718] =g F7IA7]E Ho] 8o]8THhigher actuator density).
AAZ A IA% A7 Fasg AHES 7€ F3
~Zeo] FXEY] 71aHd FARA AAEH| A AR
Eolr & AellA Al 7eg St gdE S
o] =] B TA HAEEr|Y o] stk
2 =TAE WA GRE A 9 APdATEA
A AFAZ7 F32 L F4 LA A Hete] st
&g es e 3 ADGAE AASH] 93 A
L&) vhgoR B ATA AR sy R
ﬂ% o] &3 570l Hdte] FEA 2T ¥ ol
&3 &3 daFeoldxe] el el HEt
*iaﬂi uﬂoﬂrﬂs}u Z7) gAZgo)RAx e A 2 7}
gl #ste] 7lesskal olE F-Eslr] ' 7EIEE A

{
4

ko2 Z i
*

ok
K3
Iy
i)
4
30,
"W
N
i
il

N
)
A
]
oX,
o

N

Pat=r

=
_

Tk FY HaBlelAE ool FE1E 2aEA
FEeo} Sz olF HRHOE THH A Hz9 A
B o Fasith B AFIE BdANe 297kl

il
tere] 5718 e WS ANg ll—i AekEk
4 gaEo] A E o] &3 Al NAE T4 HrEE
7)(Dynamic Braille Display for Visually Impairments)el] #ated 4
Behal AAeirhE A% e A¥Ade FAgith

. elZhe| ZHzfol @st D
e é@ yaZeolg a7 feiMe dddes
S VA= F441730 A Aty olsizt d
: Azl #gk Aol mEH 7 o
Zlo] A= FZF A=-2 A (tactile stimulator element)2] ¢
W, 3§ v A 240 #HEe] qluka By

M 2 N
o
i)
rO
o
I
)

1o
rE

ALY Vb

A%k —’594 AAAHE NFHom A a¥ 2 o F
o] Meissner, Merkel, Ruffini, Pacinian 239} 722 7}+27]50]
B ZHE Al o277 AFHos Fxgrh WdvkE
o Qzke] WRE ¢ % AFEWo] ohie L%, v
A7 BAE sel B ATIAE Aol gz
e [ = Ay FA o B3 et FAE
QA7 mEH E£2he AlEse = e Fagk
Aelshd o gtk 7 7le] 5 Apole] S
3HA)ZK(Two Point Discrimination Threshold: TPDT)- =

o3
> o
it 1% of

E o f
e
I e R N

593

e AENE A9 TEY ¢ e Aol A Do)
E261A 1-3mm 7ele]s) Entetol M 10mm r=olch. et
A BEHQ o 718 A4 W ks suee 23
W A wae] 27 tlaZYel2 B A% F24 AT ek
e T 1000 7] o)l Wasttis R & & gk

External Stimulation(Force, Vibration)

0.7 mm ——

2Zmm —'(

Mechanoreceptors

239 2 Q% euieel 93 wETE
Fig. 2. Vertical crosssection through the glabrous skin of
the human hand.

Azke} H7o 2 JAVFER 1E FIEE 1000Hz °)H
250Hz oA Ho WZHEE Zheth 3L SEolAe] Ho W
B2 35mm ol LFol A% FAGS ¥HE 1.75mm o] €
3 PoR E%S H9-32No|2E diF 13MPa A% oY
ol ¥Algelzka AE & ok A dAPFeY WEL
7o) Ao §4d 5 vt & A5 007 pm

10

olm 18R] ¢S ASolE 2umolt), 0|9} e AFE F
gt Moy 5-& o422 &3 r]AZeolg 93 2L
vhea o] Aalslgivh4] Sulde] WA= Hugye
500m N /mm” ‘?i-ﬂ%f 4mm ©|H, 50Hz 2] A=Z3} | 7H

=
At 19} E‘—S— AFAHRE 3t AR S0 A2
o] A9 Al A4 = o 1 M mm® ) 23 A=
84 9x 8] 12mm, TEFYSE 100~-300Hz ook ey
TEHY 2 Fugee) e A 3 taZdo)gA g
ALk AXE A T ARRE gAate s 3 A=A
S3lo] AAE 4 9l

o r

-
=24

m. 224 84 737
TEA FHAE ol &3 75719 Y8 1_—.”3]'7']] A
sk o gvh deEov feled 2ol 3
fradgh aRAA RS S Feoly A5 %‘3151 (
AR A BHAEA] 4ol H7) S
Hele Ae] mg- Fag s)eelrh
TV 9 wRIsl] ol st Bl Aol Sfsted 4
3 Qiste] LREAFHAZL FA
gom= AAS s Helo
[12]. 2% 3o YeRA AT Zo] nEx FdA= 44
(electrostatic force)y & ©]-8-3F T-57]9} FALEIY Lo A

Lsa

alr

2

Lo

wlo

_QL’

Kl

a:)

)

o= o

O

2.4,
>, 2 3
S oot far zo M
D% Yot T AL rlo of

—_—

i



594

Canpiiant Blsctrads
L]
Disinctria Blastomar;

M

Y 3 Rz §A49 FEe.
Fig. 3. Actuation principle of dielectric elastomer.

Aol A FEE WAAHOR B 5 Itk Maxwell stess).
wepd, ek 4712 o) MY Rde ngoR f3
WRARE FEsl 99 () 2L 5 Ak

o=¢.¢E’ =(§)2 (1)

A7 &, 3 g, & 77 FAHEE B 1SN
g o€ AT zEw
Vot e 27 7kl 13t e veran. weid, )
AAe] 221 sNaIR Aste) AlF

of BlEgith= A& & 4 Utk

Iv. 2 XA=2eae 2= A FEHE
7 f2xZgoldA e LA FAANE e EHrd
—_L

271 g4Face Tx 2 FEUdl Bl 8
ANTLA(ANTagomsﬂcally-dnven Linear Actuator)= gﬂ
= 38 49} 50 yebd 33 o] &
4 B0 BEE AHBE PS FEAN 247
& el fAst AFo] Exo] gloj HYH ¢
& rd 914[13-15]. a3 59 YL B
A

T A e R A

El-{o
m&m”“

32

%r fﬁ
rir Py
2R o oo Ae e

6(2)° HERA At o]
A= A ol HH A 7}’3 2 A= B ol H()9 AYE

& e 3 Qutput Terminal
~~~~~~~~~~~~~~~~~~ -» Frame
Dielectric Eiastomer

!
v
T
=

-
3
b
=
o
o
fx)
x

S

B
-4
o
=
2
Q
=
@

=

Frame
% Dielectric Elastomer

a7 4 27 A2ese] Bk,

Fig. 4. Disassembly drawing of tactile stimulator element.

Mo - NSa - AIABSE =2A K9 & M85 2003. 8

Moving Direction
Output Terminal
v

Electrode A i} e

7¥etA = A= A

olo] whEhr F —LTZ}
zfo] 2 lste] ZH=A7F OIdzﬂ ‘}]T‘Z— QE %E—‘?E}OI 01%
ghti(e] 45 EHEFQ__E state 10]2k2 F AR,

Fog I¥ 6b)ell vEbd A3} o] A= BRHE HHY
Agor 15t AT A9 FE2 S0 dYg 1S
A Y Sk oo 2 FAolA H} (state 2). T
a7 6(c)ollA el HFoll el kS FAlol 7HshAl
g A9 A5 AY Bl e F L&A FAAE SAl B
et Heg ewd 29de] £22 flovt AdhE e
gl glo] AA =& v Frele duz W

2 2Ao|=
in out - +
HV-DC/DC in out*
— HV-DCDC
in out . n -
HV-DC/DC out-
g HV-DC/DC .-
(a) state 1 (b) state 2
in oute T
in oute T HV-DC/DC , —
HV-DC/DC , —
oute
in outs HV-DC/DC .-
HV-DC/DC .+
(c) state 3 (d)state4 (Ks>>Kc)

%2} 43829 FFA.

ad 6.
6. Actuation principle of tactile stimulating element.

Fig.



Journal of Control, Automation, and Systems Engineering, Vol. 9, No. 8, August, 2003

1L AHAG

2 22 43849 Y,

Table 1. State of element depending on input voltages.
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