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Abstract; Modularized underactuated mechanical fingers are designed. For the actuator, SMA
(shape memory alloy) wires are adopted, and permanent magnet devices are also used as the
source of pre-stretching and restoring forces. This novel design increases the SMA output force for
over 6 N more than the conventional SMA actuators, in which bias springs are adopted as the pre-
stretching elements. A pulley system is also developed for amplifying the displacement output
capacity of the actuator by 2.1 times. The mechanical fingers are fabricated by 3D printing
technology, and general grasping experiments are carried out with daily commodities. This paper
proposes the method for resolving the conflicts among the displacement output capacity, the pre-
stretching force and the output force. The achievements will facilitate the further application of the
SMA materials in biomimetic actuating fields.

Key words;
underactuated

SMA actuator; pre-stretch; permanent magnets; displacement amplification;

HAT, 24500 AR TR 220k JF BT
ST R — AL R, i, R2 Oy AT
Shadow R 52 EARRENS SN H F £ T 1)
AOPTUIRL , B S5 4R AR AT 55 (R A R G BB
Z%. ISR AR T RSl Rl R, A R I T iy is
e Z B I HAEP IR R. K
BRI F-AE ] B 42 05 6 KB foc b R] 4
5 R E R ISR T2 858, W RTR
152 Cyber . K BK 3 R 15 F- % AL 44T

KT EHE: 2016 -03 -24
BE&£WMA.: ERESHEAVRLRITRIEHE (2015AA042302) .

B, BRI A SEBLIT A ST RS S E f s,
ERAE SR A A R T 9 R e i 2 2 ke,
19 RIGF-38 S B, B4 SChr A F 1
A,

HET A R I T L gLk 3l 324 LT L
Fh. OHLHLER S, 40 Gifu Hand 117, SR T HLHLAYG L)
T A, 7R R R i SRR R AL
H R — AR /N, O T HRAE A S R TR
P ML T 25 R IO D8k i T A D 388 LA, {H

TEE R WAIR(1968 - ) , L, L T A, AR AU R332, i+ 4 T 0.



1138 AKX FFR(ARFFIR)

% 38 A

WM T FH5 09 RF e BoxE A2, W DLR/HIT 1
RRIGFAH 4 WFHE B BUE AT 1.5 F51°.
QA RIS, CHk[7 - 8 ] F T LM IKsh#%,
T R Z AR PLT AR TSR IK 3 &R 58— ik
R =R a0 o N =T e o] N e
K. @ H 3K 2l , 78 = BF i Y 9 5K 3 5 A
FO10T SRR IR B R GE i AN R SE R &
Gt M BCAT RO BOK  , RGP A=,
B AR TS ).

TEIACH AR 5T G | KTy 2 5t it Lb A 9K
BhEs g I R e, Hoh — 2R e TR RE M
BRI TG HER A A r R R
Mg JERig1ie & &% Hp, B Ricie & &
( shape memory alloy, SMA ) E. 7 83X 5fy [ J& %1 2
SR FE L IR R BRI AR A, O B
SMA JIr di AR BUR/IN, 5 F 28B4 F1 2R G i 4 Al
NS AR T, 7R A £ Ak HA R WE 5
@[11712]'

H AR SMA (13K 5l #5385 6 £7 75 5K 31 {5 75
ANFTRY AL, FF H SMA 22 4 fiff FH i 5 22 i hir A, —
JRCI 0 1 i FH o 35 S 00 90 feft R R A2 A T
fig , (B AALE TR A T Ay 3 07 o8 Ji A TR) s FR ]
T SMA 3R ai & (1) b FH 3 [l A8 SCR FHAR S Ak 45
i, AU #E 4L T4 E A 07, IR HIAE T
SMA i th AL B R LAY, SE B T T4 19 0 57 3K
ol 1% SMA 3K 3y & 1Y 4 1 57 % Al iR 15 3
TH R

1 RS FH 8t

1.1 BRFEET

e, NS T T A A
AT RRGFRAE B AR5 % 15 SMA 3R 3h 25
SR OUO B AR N T-2EA T8 A 25 H B B Ak
it T RO PR B M S B T AR AL 5
e Pt sl URKEl 2R E AR B R TR
AT AT IS A BAIC , AR SCRRAE T4 T,
FHE RICR IR B 8 R W, A 5L B PR
B BRI AT T 5 T B4 RS TR B
HEAE. T AR TR R IR A1 84 2 S8 202k
AL, 80T LR FAH R I AR TR SME .

T RIS R G A RN T R G
FIH1 AN AR 7 N TR PERE Y[R , 3
PRAE T R GUA5H 1 X B2 MW, A R F 52 805 A
FRGEN R L. NI, A SCRA SMA
RIS A5 10 iz 3l BV RA F45 19

TEHE R EIRS 1T, SMA 22 Tiij ity [] 1 7 38
TR I SR 5 S vh A8y T dE 1 N AR Yl
FOCTT M 48, KB B T FE SMA 22 T fi hi 2k
HIZEAVE R T Hp 38 1 M 38 1 7= A Bl 3, DA
SEHLFHR A IR S 1.

PARRBIH AL 45 R AR S M an & 1
R, TRV TS 1 GB10000—88 ¢ F A4k
FHOIT B8, SR 48 BA =gl 56Ty, ix
s 2B 8 5 mm 1 10 mm /392 R 4
B, H 00 & 7E SMA 22 () — ity A1 52467 2% ' Y
frdg. L Ie s AR R AR TR, SMA BK 3 % i
B NRALAS , s T AT SE IR R B A, T
F IR S A B AN 2 R,

B #HERULEANFIE=fEE
Fig. 1 3D model of modularized finger
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Table 2 Requirements of the reset device

R EAR Lyl e &/
<10 mm <8N >0.9N

0 ~19 mm

— XA RE R R R 1A T R
F=(B/4965)%A .
K. B RGN 3R Bk Gs(1Gs =107 T) 5
A RGN, B R em® s F RG5Ok kef
(1kgf=9.8N).

R A5 52 A3 26 B W0 s ) RN Bk RUST A BESR 1 B
SNEAE N 4,6,8,10 mm FY PY 4 58 BRRE 2k A R
20 mm x 7 mm x 3 mm KRGk % A LW
KEFR KB M ML %66 MmA SR
OADM2016441/S14F 43 BER K 4 pwm W EOEA7
AL IEER P57 WK 6 RS &, XFix a4l
TR B 2 A e B AT T 72 R I ik

E6 SXWESE
Fig. 6 Experimental setup

T 485 I 48 1) o SR T R AL 5 Oy
SL202N (1) HLF R P i, Hofe R e 200 g, 5 1
7 0.01 g, M5k RS & K Fr 28 1) 5 5t R 76. 00 g.
H- A5 Py D0 21 S 56 i 1 A T S B O R e/
FETEAU A A5 21 DU L A RS2 A7 206 T 1 ) 24 R i
2, K 7 iR,

HRAE S 2R R AT 0, 4 44k H A A
[A],{H )& 4 mm F1 6 mm ZH 195/ F1 A 15 2 EOK
10 mm ZH BRI UE 3 AN R EK 8 mm ZH ) 46 7

/N3 ¥4k L EOK.

8 mm 2K AL I SMA B 5l 57 o7 26
TERIIR LB AR 15 K BERE S 7. 76 N4 Tl
FEf )y, REAS 05 A\ T4 S BUE L (9 Il SR AR 18
10 mm {37 5% 4b 1% J1 35 B e/, 1,36 N;
10 mm/Ji , Fh T 55 — i i AR o 18] 8% 3l ) 7K i 2k
WPERE R, TR ) 2 i K. 45 SMA 3R 3y 75 3R
JHVSE R B AR TR 64 B 7, o T 5805 54 L
B BUE IR WIFE 10 mm RS4RI ST F, =
(7.76 + F;) N, F; g5 EH {1 10 mm B A5 J7.
P I T DL R 3 R B o A 1 T 45 SR L A
10 mmAk FESSE SR A5 T F, = (6.4 + F))
N, AT T SMA 3RS g i 2%, A 30t 2 &
T FERIURAE

----4mm#
—*— 6 mmZ
— 8 mm#{
----10 mm#

FIN
—_ N W A U A 0 O
’ -

8 10 12 14 16 18 20
i #/mm
E7 MWEASMEBERIFHFEHE
Fig. 7 Tensile force characteristics of 4 kinds of
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