J. Biomed. Eng. Res :205-212, 2009

Design of Biomimetic Hand Prosthesis with
Tendon-driven Five Fingers

Sung-yoon Jung’, Sung-kyun Kang?, Ju-hwan Bae', Inhyuk Moon'

"Department of Intelligent System Engineering, Graduate School of Dong-Eui University
*Korea Institute of Machinery & Materials

(Received December 15, 2008. Accepted May 18, 2009)

Abstract

This paper proposes a biomimetic hand prosthesis with tendon-driven five fingers. Each finger is composed of a distal-middle phalange, a
proximal phalange and a metacarpal bone, which are connected to a link mechanism. The finger flexion is a resultant motion by pulling a wire
to serve as a tendon, but the finger extension is performed by an elastic mechanism composed of a restoration spring. The designed hand
prosthesis with tendon-driven five fingers has totally six degrees of freedom. But its weight is merely 400.73g. The hand can perform various
hand functions such as the grasping and the hand postures. From experimental results, we show that the proposed hand prosthesis is useful

o amputees as a prosthetic hand.

Key words : biomimetic, tendon-driven, hand prosthesis, five fingers, kinematic analysis

2

[

uH d wEA Y Ao 2 Qe XA AaQle] 71 S8k
T glen, olFelN 58 4A] Ad Fel(forearm
amputee)2] 7+ 717 Bol AA8ka ghtH 1], £& LA B A
39 17 2ol HRE2]E FdeH] kst 75& Ssle
F23 A F9ol7] W] Ax] At Bl EE £ Ao
2 ol YAl B BHEE B gl

2] (prosthetic hand)= 44 A ol Ee] A8 &9 7
& BAs] Y gl B4 71413 B2 A (assistive product)
olth. glo] FRE = Al &3 Fel7t FARE vl -2l e, oA
& gAY omn gABAE 38l A4 2uy o) itk
223 2E 7EH o2 A FFo] 7hse A F e 4 electric
hand prosthesis)7} $1TH3]. £3] 459 Foe= A2 8N H
&3 27 E(electromyogram, EMG) A 5 2 8¢ 9|49] x5
25 Alolghe A 29 (myoelectric hand)7} ¥ o 2 ol
ARSI SITH4] tiEAQ 2el42E MYOBOCK hand
responding Author ;=018
HAIRAZIR HWE 005 FOLjo HFIERSARYL
82-51=890~2261 | Fax: +82~51-890-2883
‘1 : mmoon@deu e ke

= EW'XH‘*Q’SJE‘.E?(RD} 2006—000 11258-0)xI8I0
= 651“&

=

r

(OttoBock Co.)[5]} i-LIMB hand(TOUCHBIONICS Co.)[6]
7+ 9)eh MYOBOCK hande <5345 947} 7153 220 =
TR lpolnt, el v ARER Q18 Yot £9] 715 &
#alr| ola] g, oA o BA R 8 T 460ge) E317] W B
A7k #8317 ol e B3t} 28 12 i-LIMB[6] hand¥ AV &
I fAE QA Be) T2 ojpoltt o] &2 5719 FEI B AME
8lo] 6258 F@sh, 21 29 MYOBOCK hand Bt} thebeh
wR) g 2ol 7hssth

ol 2F Ve oFd FEY 2 ARFEE A,
thaFg ol 7158 Y Y A8 2EE A A7)

At ek HEHQ ANY 2REo2E 12719 ¥ 157
(linear actuator) & AH8-81] 144558 7% 3 Robonaut hand
[7], DC 2E& AHEEo] 164758 8¢ UB hand TH[8], 2
21 BLDC BB & AM38le 154552 388 DLR-HIT-Hand
O[Ot itk ol&i gl & Al &3 fAkeh, 2 7154 e 7t
2 ek ey B 4] RV R QS geEMe ALY
o] g1tk Shadow hand[10]& 7)&8] dpellA A}%sa T2
Bl 7P FUSSE AHESIg o, B o 283 7%
A 2 <8 £of Burl 23, FA R 4kgol %o}%‘r ol9} gzl
T-5718 ¢ WA 7 o 24 0] B39 & 29 Gifu Hand?} 4]

voi 30 | June, 2009 208



Design of Biomimetic Hand Prosthesis with Tendon~driven Five Fingers

Precision Hook
grasp prehension

Cylindrical
grasp

Tip Spherical Lateral
grasp grasp hip

a8 1, &9s)
Fig, 1, Hand functions [1]

AT 11]. o] £2 57 2084 164457} 7PesiA R, Be
] 2E7F U E I Wil &9 FAZ 14kgHER o5
2 Hgep]dlE g

£ =RAME BE 7577 £ Wigso] JemME, 24
7} 71 A A 23 (biomimetic) 7 7E4l(tendon-driven) 9|
“*(hand prosthesis)& A|¢t3lt}. o409] £7leke Al 287}
H(tendon) T2E Bl AASAC 7 &l F3
(flexion) F2h wit]d] 1 =lo] Sl 2ol Bl o3 78
o, H(extension) F23-& &1 U1 o) 1A 0] Qi BYax
% (restoration spring)2] B-918 2 & o] Fo] At}, w gt Sv)eke]
Z91A12 7187 (proximal interphalangeal joint, PIP joint)# %
%) ¥ (metacarpophalangeal joint, MCP joint)& &h}9]
Pz @25 o] MCP joint®] A Y22 % PIP jointE 52
A SlTh A o F Ol £71819 638 7,
L], SURR], SERAR, FHIA), 4579 A, 2719} 2
£ A E A, B G £ 2 £ o] Pt

B = 742 o2 2k 230 A AR e ofgee] A
ol tiate] A sta, 3ol M & 2 £718e] MCP joint ZHs ¥
stoll e 7173 814 & Boloh ael3 438 E Aee o4
E o8 d4Y 2748 B} 3o ARERE B AFNA A
ke AR AT o5 AR E o 52 H 8 s
< 2eit

Il. e HA

A NE &

A €2 2258 VPN A 9o, FAE 2 400g8 ot
[12]. 28l &rtehs diyehe o2 BRepa, 99 G4 o]g
o yeix] 471¢] £r1gro 2 U $ ik g9AlE 1 2(a)9) 7
o] 24 E(distal phalange, DP), 71’2 Z(proximal phalange, PP)

206 | J. Biomed. Eng. Res.

distal phalange(DP) w4
/ DIP joint :

middie phalange{MP)

4P joint
PIP joint

¥ proximal phalange(PP) -

e
T~ MCPjoint
metacarpal bone(MB)

"«  IMjoint

(a) (b)

a8 2, #7118 PE; (a) YA, (b) WA &0
Fig. 2. Structure of finger; (a) the thumb, (b) the four fingers

18] 31 4B (metacarpal bone, MB)E 4450 gl 7} u}
tieh W 37he] B 2 AEdEo] gt 4R o] e vulA] &7t
g g ok g 3709 i) & shlel W & gl o] gL, 471 €]
#A2 ddd] Arhag 2y =)

2} &7ree] R TR E5olg] o8 &1 nir]d
2R Sl S B o2 P Ei{13]. £71ete] 7184
F2o 2 74, ¥, 94 (abduction), W (adduction), 22}
3] A(rotation) 2] Utk £ AolA Atehe At 2AE
7R gler, dxe 99, ¥ 2Elx SHERe] 75k, o
A| ol ele} rteke FY A B o] /bt 53] 4, 4
% A s 8712 B 5 B3] 7HestEE A
7] diell, & Aol AAE e F6AREE 7M.

B. o= 44

B =M Aleke AR =y A
718} frAreAl AAEI AT Sl Sl A% 254 oA 2941
9] B3 &7kl Zol[14]8 Fzslel, 97 123mmE, 24
9} kx| & 90mm, $7] 3 98mm, 78] 3L 24 §0mm Zol 2 4
ABATE Subekel dole 97.3mm= HABI T

GAE 18 3(a)g Zol 2719 mir]e) dhite] Wz A8,
DP$} PP-& ¢4 84 2] A 7F ¥4 (interphalangeal joint, IP joint)
3 PPt MBE A3k MCP joint, 22] 322 W32 98] &
ulgta} oA 5 = tiob 54 38 (trapezopmetacarpal joint, TM
joint)®] 370¢] #A 2 MAEG ). 1e]x 2} vic]e] DP, PP, MB
o] dol& 247} 24mm, 34mm, 65mmE A A stk 9= o] 29)
yuA] E71ee DPek MPe dhe] TRE §H T-FEE
(distal-middle phalange, DMP)Z 2A8HtH2d 3(b)33).
8] 32 €712 PIP joints$t MCP joint & P32 94 3te] MCP
joint7} &2 4 o PIP joint® FA]o] £30| =8 AA5%r}. o
AE EFE BE S Fde B 2288 s 78

$4 o)E A &9 2
]




+— distal phalange(DP)

metacarpal bone(MB)

LY
I

™ joint

restoration spring

(a)

Sung-yoon Jung, Sung-kyun Kang, Ju-hwan Bae, Inhyuk Moon

metacarpal bone(MB) proximal phalange{PP) distal-middle phatange(DVP)
| MCP joint ; PIP joint /

i
i

wire pulleyg bearing

restoration spring "

1%'

pulley

i wire

QE 3, &7 BT (o) X, (b) WA &7
Fig. 3. Cross sections of the designed fingers; (a) the thumb, (b) the four fingers
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Fig, 4, Developed fingers; (a) the thumb, (b) the four fingers
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Fig. 6. Kinematic model of finger motion
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