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Abstract

Stroke occurs with many sequelae such as spasticity, such as muscle weakness and hemiparesis.
Among all the rehabilitation treatments, the rehabilitation of the upper limb function, especially
the hand function, is considered to be the most challenging. Therefore, we focus on hand rehabili-
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tation, fusing the principles of orthosis with the structural characteristics of wrist-hand joints. A
detachable training device for wrist-hand rehabilitation was developed using Solidworks 3D mod-
eling and Adams simulation analysis. Patients may benefit from hand muscle training, inhibition
of spasm, prevention of joint contracture, cessation of aberrant activity generation, restoration of
wrist and hand function, assistance with activity of daily life, and enhanced self-care abilities.
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AR, BNAS Q2o TN EE N B ZIRZ —, P BRI R ABET R [1] [2]. st
ity HE 40 & UL ERIA b R R TR BN 1400 5N, JF BARSERTIG K0 L 200 T3 N, T
SEAFE T T0%LA B LD RERRES, g B E I R AT R Bk EPTA ERRGYT R, YR D
B ERCThRE, Rl T HIhEE, POANRREDGIER . TEEIATN H &S 7 R REE
ot WHR. RAVSE. T IIRERERT NS B 10 A3 SR AT 38 p ™ B2 [3] [4].

BETETFINRERERT J5 BT (0 B VAT 0 T F ORI AR TG B B AR i e BRI [5]. KER
KW, HENERS SR T A o B R UL AR O S o XA 2R 24 DCRT DL o 8 TR L
WA S, T HAE T DA HEZ 5 e O DI REFE 2 . A% G i) e S SRR A AT AR T B= 97 A S kAT N T
ko RESLIRTT I ¥ A8 B SR T e, IS ORIGIT I IERVEA 2 4. 78200 T BT ot
M, EGR—X— N THiB R IR RGN HlA R & . B, v it —aEramm &5
R ZREs AU B TH B S F TR, RN AR BOR T IXUT:, A RO 2% i PR RE A2 B U5 A K ik o

FAT, E WA SRR 2k FOhRE R VI Rds . L RS 2 Be oy a2 e vt it 7 —Fh &R
EATFMREUGRS, KA A B R RR RGBT TR K AN il 8 [6] . 5% B3 Ko
WA T —F B TR LS, EDhBE AR AN R T AT 7 Seie i fe, 18P0 B A 9875
T RAT RAFHIVERE[7]. B BERI T IhRE B & T LA R ANLAZE,  SEBL T #8073 /3 W) LA B 42 1 RG34
155, HLAT DA e Kl v 4 SRR Bl e AT BAL AT, I MEAIRTT T SR (8] (BRI AE LA
REERHARRBULRAE, AR, SBEE AN RIATE; ARENER, KRER, A
EEEFE R XRS5 TOVE T B KR B BT A BRSNS T H. B BT B RN A7 R4
ISR R AN RE S RRAL R I RO A DR, AR AR DL S TG IR AR I SE R3E FE F) RR B Al I 1
fitidH. HATE WA FORERE FRE R, ERFENEAPREEEREY, HFE-FEEEFINZE.
ITREARAR . o AT R R T IhRE R R I ZRas o ASCEIR T T IO RERRIG BE R E FoR, Bit —AK W5
TR NGRS, BASGE BHEKNTHMIGERENG . M ENIIIET. B0, FRWP. 2T Al
BUA BOARSCREE ™ i, P45 S MR & SR BN T A 5 MR AR, J3T Solidworks = #E @A BT —FERC Pk =i
FIPREN B T RERIGRAS, JRlE I T ST SO E B R K Adams 017 5 ST IAIE T ASCRT BRI HLAA K
FENE, RERSICE BE T ATh RIS, R EACR, BRI AR, e AR .
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2.1. BEFXREEGH
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VRN R BT A B I BE A
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Figure 1. Hand and wrist physiological model
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Table 1. Range of motion of the hand joint
=1L FRXTHESER

FHRKEAT e h P2 Y L) i JEE A BV L)
BHH - A OGT 0~15 0~20
B - HEHRLT 0~50 0~10
HE - i 0~80 0~10
FAd DU Hs - o 3 G 0~0 0~0
FAhPUg - 6T 0~90 0~45
FLABDYHE - 05 2 18] 9T 0~100 0~0
ot DU - e ] T 0~90 0~10

Table 2. Range of motion of the wrist joint
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JBi e Eh 1 TEEhTE ()
e i 0~90
1o R 0~70
N 0~55
A 0~25
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2.2. X%t

HIF T A A R ai e, AT IRREEN AN RS, A2 A lhEREsiE, thaik
BB REWRE A, WK 2 for, v T RRIESEE, ASCE Solidworks =4k R TH T —F0E
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Ui, UL I E AR Y 4 M B B0k YT 15~20 om ARUGLER AL, TEAE S TEFAT, BRI
T ZE AT S B T80T 1) by )R A R 48 5 RT3 ZEAT AR I DL MRS AT, B BT 4% (0 7 U AE T
BT EPAT g, g Ay EARSL BT NG ABESCTT AN BRI N B A e, FRE B BT AR
ST MBI FLAL, £ FLAMIERLAT 5 F 0 i L2 H 20 3 2 Ao 145 248 (0 3 3 g 18] 5€ 9 ANz i i
[ OCHTALY, Wb TutumdR A OCTT, XS B A 4048 2 b X 4T ab . Rl 2, AMARAE T4 B E Ty
25 (VLB Aeh H Py o SR SRR 26 I ARAE T4 BB AR ), B AR BN T WU A 2T 4 ) AR
AR HINA BRI SRR A5, ELIEE DT, AU RS ) 25 O B A RO 46 T4, 4 dnsa st
i fe TR, AEAT (I GLIZ SR )5 Y s g2 22 b T 4R U fRIz 5, 4 T iy, (R 4aFT
U EE s, BAh K anas, smE LT 1w #h[10].

6

1-Finger orthosis; 2-Palmar structure; 3-Pulling string; 4-Wrist cap;
5-Cylinder structure; 6-Radial carpal orthosis

1-FIaFHES; 2-FELEM; 3-2hE; 4HATHINE; 5-5il
EH; 6-fRERT 2R

Figure 2. The overall structure of the wrist rehabilitation trainer
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AR5 B R F IR 2 B SE AR AL, S5t 3 Fos[11], B RERELRRAL, 1R AR R 1 72
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Fria iash; 4is ZEAT B — 2 R G, “SRIRSCH, A T 5 K AN T A ML, iy DA 28 FT 4k
AR HREE B, AN 0 I, IS EAT AR 2] .
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5 6 7 8 9 1011 12 13 14

1-Cylinder bottom; 2-Clasp ring; 3-Sealing ring; 4-Piston; 5-Support ring; 6-Sealing ring between piston and piston;
7-Cylinder; 8-Piston rod; 9-Guide sleeve; 10-End cover; 11-Sealing ring between guide sleeve and cylinder; 12-Sealing ring
between guide sleeve and piston rod; 13-Dust ring; 14-Connection header

1-EIE; 2-FIF; 3-BHE; 4-7FF; 5-X &N, 6-EXESEEZENEHR; 7-5E; 8-FFM,; 9-FEE; 10k
=; 1I-SREMEEHZBNEHE; 12-SaEMEEFZBNEIE; 13-FLB; 14555k

Figure 3. Cylinder internal structure diagram
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R, ICARTFERIESEMRRA LA, FUEh R R M EER LG, RIS TR, 4
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R ARL AR SE, SR B T8 e
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Figure 4. Structure of the pull rope
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AR AT SHAR G SR IR PR S AR AR, BfE T A SCEE B BRIA YT P RO 2 U0 N 2K (R BEHR K
JE L(FDS) i U R RS, AT 8 252 1) 51 it g s R DU H V5 5, 35 B T4 56 B il A R it 84
B B NAE AR ST AT i ST PR A A0 46.2° (45 ROM [12], { i fli s R 45 JE LALAE i A2 22 /0 3 mm
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N T IEE HARTHREE R, ASCHTR I 28 O0UE A B AT . AR 4R itk sl R, dd
JiE 6 PUASTF AR b # g, HEAT ST BT JE 2 Bl FEREBCK IS LR, Gl R AT A R
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Figure 5. Joint schematic
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Figure 6. Flexion schematic
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Table 3. Length of finger bones
=3 FiEBKE

Fik o e EAE (mm) K (mm)
U Eish= 24

i rh i A 20 92
R Eisn= 48
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Figure 7. Top view of the mechanism

B 7. tAARHLE

Figure 8. Side view of the mechanism
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Table 4. Component constraints

=4 FEHLREM

IBE) R4 FR HA e
JOINT_1 TR R AT
JOINT 2 KA AL aER 4
JOINT_3 fi] 52 il R 5 R Y
JOINT_4 izl 28 B 6715 5 v TS
JOINT_5 JiE @l Hh 4R 1 b R
JOINT_6 Il 5 El b 1 5 5 e
JOINT_7 fi] 72 il iS5 FE4H
JOINT_8 el P E RS R 2y 1

Table 5. Normal adult finger range of motion

5 EBRFAFIEEINTE

FHH izzhJi A iz zhiaE ()

IP MCP cMmC
5

0~90 0~65 ¥

JeE i1 /AH

DIP PIP MCP
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0~80 0~100 0~85
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Figure 9. Adams model for different states: (a) initial state; (b) terminal state
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Figure 10. Drawstring drive
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Figure 11. Distalphalanx position
E 11, mimfs i E
DOI: 10.12677/m05s.2024.134390 4313 jE L NN


https://doi.org/10.12677/mos.2024.134390

g
Xk

43

MODEL_1
0.005 I T
& 00045 *[ —.ﬁnger1.CM_AnguIar_AcoeIeration,Y'\
8 o004
g 0.0035
S 0003{\
§ 00025
g 0.002 i
f;; 0.0015 i —_—
& 0001 ! !
5.0E-04
0 0.5 1.0 15 20 25 3.0
Time (sec)
Figure 12. Distal phalanx angular acceleration
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Figure 13. Middle phalanx position
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Figure 14. Middle phalanx angular acceleration
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Figure 15. Change in potential energy of distal phalanx
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Figure 16. Rotary subjoint torque
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