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TOM TAT

Ngén tay gia la sie thay thé cho tinh trang cut chi trén, tirc la mdt mot phan ngén tay. Ngon
tay do duy nhat la diém then chot ciia ban tay co hoc khéo léo, can thiét ké va phan tich co hoc dé
tity chinh nham dap vmg hiéu qua nhu cdu cia ngwoi ding. Bai bdo nay dp dung mé hinh héa va
mé phéng dong hoc cia ngon tay gia deo dwoc diéu khién bang gan. Trong nghién ciru ndy, mé
hinh 3D ciia ban tay gia dwoc vé dua trén kich thude ban tay ngwoi binh thirong bang cdch sir dung
SIEMENS NX, mét phan mém CAD ndéi tiéng. Sau do, hé thong ngon tay do dwoc phan tich bang
cach sir dung phan mém dong lec hoc da than néi tiéng RECURDYN. Két qua mé phong phdn dnh
chuyén dong ciia ngon tay gia. Nhitng két qua ndy c6 thé dwege sir dung dé phat trién kha nang diéu
khién va danh gid hiéu sudt thiét ké sau nay.

Tir khoa: Ngon tay gia; Robot deo dwoc; Co sinh hoc; RECURDYN; May truyén djng bang
gan; SIEMENS NX.

ABSTRACT

Prosthetic fingers are replacements for upper extremity amputation refers to partial finger
loss. The single virtual finger is the key point of the dexterous mechanical hand, that is required
mechanical design and analysis for customizing to effectively meet the needs of users. This paper
adopts a modeling and kinematics simulation of a tendon-driven wearable prosthetic finger. In
this study, a 3D model of prosthetic hands is drawn based on a normal human hand s size by using
SIEMENS NX, which is a famous CAD software. And the virtual finger system is then analyzed by
using the famous multi-body dynamics software RECURDYN. The simulation results reflect the
motion of the prosthetic finger. These results can be used to develop the control and evaluate the
design performance late on.

Keywords: Prosthetic finger; Wearable robot; Biomechanics;, RECURDYN; Tendon
actuator; SIEMENS NX. &
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*DANH TU:

a, o, = Goc tiép x0c clia rong roc;

Bes By B By = Goc gitra truc x va R,
R, T, F twong ﬁng;

F = Luc tiép xtc;

M,, M = Mo men xodn cua dong co va
mo men xodn dau vao bang nhau;

P Goc toa ra cua rong roc;

R,,R,, R, R, = Luc phén tng tai khép
A, B, C va D tuong tng;

T,, T,= Luc gén; ‘

s 1ops Ly 1, = Chi€u dai gitra khop A,
B, CvaD;

EMG = Dién co dd;

DOF = Mtrc d6 tu do;

s = Hanh trinh cia gan.

1. GIOI THIEU

Hon 2 triéu ngudi bi cat cut hodc mat
ngoén tay do cac rdi loan stc khoe giy ra boi
nhiém tring, khuyét tat bim sinh, tiéu dudng,
ung thur hodc cac bénh khéc [1]. Nhiéu nguoi bi
mat mot phan hodc toan bd ngon tay co thé st
dung ngoén tay gia. Trong tat ca cac nghién ctru
trude day, ngon tay gia co thé duoc chia thanh
ngon tay thu dong va ngoén tay chu dong [2].
Ngon tay gia thu dong c6 thé duoc tiiy chinh va
san xuit bang cach st dung may in 3D [3], [4].
Tuy nhién, ngén tay gia thu dong chu yéu co
muc dich thim my. Trong qué trinh phét trién
cong nghé, nhidu nha nghién ciru da nghién
clru ngén tay gia chii dong bao gdm nhiéu cam
bién va ngudn dién bén ngoai dé linh hoat cam
ndm mot vat thé va cac chire nang khéc cta ban
tay. Vi du, Sang-Eun Baek [5] da dua ra sy so
sanh vé mat dong hoc ciia ngodn tay gia giira mo
phong va thu nghiém. Rozaimi Ghazali [6] da
ap dung bo diéu khién Fuzzy-PID cho ban tay
gia c6 cam bién EMG. Pierluigi Rea [7] d4 gi6i
thiéu khai niém vé khai niém ngén tay ao chua
dugc kich hoat. Nhiéu khi ni¢m tién tién khac

va céc thiét ké hién dai voi nhiéu cam bién va
bo truyén dong hon duorc trinh béy trong [8].

Ngay nay, ngon tay gia van la chii dé néng voéi
nhiéu van d& can giai quyet nhu giam trong
lwong va chi phi san xuét, chirc niang linh hoat
hon, chic chan va st dung duoc lau dai,...

Véi myc dich nay, dg 4n ngon tay gia
dugc thanh 1ap. Budc dau tién, ngén tay ao
don 1é dugc yéu cau thiét ké co hoc va phan
tich dé tiiy chinh nham dap tng hiéu qua nhu
cau ciia nguoi ding. Bai bio nay trinh bay mo
hinh hoa va mé phong dong hoc ctia ngon tay
gia deo duoc diéu khién bang gan thu dong.
Trong nghién ctru nay, mé hinh 3D cua ngon
tay gia deo duogc dugc ve€ dua trén kich thudc
ban tay nguoi binh thuong bang cach str dung
SIEMENS NX, mét phan mém CAD ndi tiéng.
Sau d6, hé thong ngoén tay ao dugc phan tich
bang cach sir dung phan mém dong luc hoc da
than ndi tiéng RECURDYN,

Bai bao nay dugc to chic nhu sau.
Trong chwong 2, cdu tric cia hé théng ngdn
tay gia dugc mo ta. Trong chuong 3, mé hinh
héa ngon tay gia bang phan mém RECURDYN
dugc trinh bay chi tiét. Va, két qua mo phong
va thdo luan duoc trinh bay trong chuong 4.
Cudi cung, két luan va cac cong trinh trong
tuong lai s¢é dugc dua ra trong chuong 5.

2. SO PO HE THONG NGON TAY GIA

Hinh 1. Hé thong ngon tay gia
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Hinh 1 cho thiy hé théng ngén tay gia
cua du an cua ching t6i. Tin hiéu EMG duogc
léy tor mot vung dac biét trén bénh nhan cut chi
dé du doan chuyén dong cua ngoén tay bi mat.
Thuat toan hoc may dugc phat trién dé hoan
thanh nhiém vu nay. Sau do, tin hiéu EMG dugc
str dung dé diéu khién dong co, 13 ngudn ning
lwong dé diéu khién chuyén dong ciia ngon tay
gia. Phan quan trong nhat ciia h¢ thong nay la
thiét ké ngon tay gia co hoc dé 1am hai long
nguoi dung.

3. MO HINH HOA NGON TAY GIA

Céu tric co hoc ciia ngén tay gia cua
chung t6i dugc thé hién trong Hinh 2. Nhu co
thé thdy, ngon tay co thé dugc don gian hoa
thanh céc lién két thanh 1-DOF 4, trong d6 hai
lién két 1 va 2 giao nhau. Ngén tay dugc cung
cap niang luong bén ngoai théng qua mot gan
chdc va bén. Mot 16 xo, két néi dé va lien két 1,
duoc thém vao dé phuc hdi vi tri ban dau trong
giai doan nghi (dong co tat).

Hinh 2. Cdu triic ngén tay gid

M0 hinh ngon tay gia dugc trinh bay chi
tiét trong Hinh 3. Phan dé dugc ¢ dinh véi mat
dat trong madi trudng phan mém RECURDYN.
M3di lién két ciia ngén tay két ndi véi cac lién
két khac bang phép nbi xoay. Pé khai bao va
cham gitra mot lién két va mot lién két khac,
hop dong ran-ran dugc thiét 1ap nhu c6 thé thay
trong Hinh 3. Pé don gian héa mo hinh ngon

tay gia, mot dau vao moé-men xodn duoc thiét
1ap thay cho bg truyén dong gan.

Hinh 3. M6 hinh ngon tay gia

Gi4 tri mdé men xoén c6 thé duoc tinh
toan bang cach st dung phuong phap Euler-
Newton. Hinh 4-6 hién thi so do vat thé tu do
ctia gan, lién két 3 va lién két 2, tuong Ung.
Luc gan co thé duoc mo hinh hoa bé‘mg cach st
dung mé hinh Euler [9] nhu ¢6 thé dugc dua ra
boi:

T, = T,eTsta2 (1)

Luc gan T, 6 thé dugc xéac dinh tir mo-
men xoan cua dong co:

T, =My/ry 2)

Hinh 4. So do than t do ciia gén
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Hinh 6. So d6 vt thé tw do ciia lién két 2

Tur so do vat thé tu do cua lién két 3, cac
phuong trinh luc c6 thé duoc thiét lap:

Ry cos(f,) + Rocos(f.) + T, cos(f;) + Feos(fz) =0
R, sin(B,) + R sin(B;) + T, sin(fr) + Fsin(g;) = 0 (3)
Tty + Rplop + Flepsin(figz) = 0

Céc lyc phan tmg R, R va F ¢6 thé
duogc xac dinh bang cach gidi phuong trinh 3.
Theo so d6 vat thé tu do cua lién két 2, gi tri
mé men xodn co thé duge dua ra boi:

M = R¢ Ly sin(fc — Ba) “4)
4.KET QUA MO PHONG VA THAO LUAN
Dé danh gia hidu suat cua ngon tay gia,

hai m6 phdéng dugc thuc hién la mo phong 10
trinh va mo phong ti€p xtc.

4.1. Mo phéng 19 trinh

Muc tiéu ciia mo6 phong nay la danh gia
10 trinh cua ngdn tay gia va xac minh kha nang
ndm bat. Lo trinh cua ngon tay dugc thé hién
trong Hinh 7. Nhu c6 thé thiy, chuyén dong cia
ngon tay gia gan giéng voi ngodn tay that. Tuy
nhién, goc cudi ciia lién két 1 va 2 nho hon 90°,
nhé hon kha nang cua ngoén tay that. Vi vay,
c6 mot khoang cach nho ¢ vi tri cudi ciing cia
ngon tay gia, nhu c6 thé thay trong Hinh 8-9.
Do d6, ngon tay gia khong thé khép lai thanh
mot bo so vdi ngon tay nguodi binh thuong.

Mot tham sd quan trong khac 1a hanh
trinh hodc do dich chuyén tuyén tinh cta gan.
Theo gia dinh rang gin ludn chiu luc cing [10]
va do dich chuyén cua gan chi bj anh hudng
boi goc tiép xuc cua rong roc D, do d6 d6 dich
chuyén tuyén tinh cua gan c6 thé duoc dua ra:

s = r,(a; —a;) m/180 (5)

Hinh 7. Duong di ciia ngon tay

g ()

O oODf O 04 02 O3 03 03F O+ D« 0S5

Hinh 8. Goc lan cua cac lién ket
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Hinh 9. Vi tri cudi cing ciia ngén tay
4.2. M phéng tiép xic

Muc ti€u cia mo6 phong nay 1a xéc dinh
luc tiép xuc cua ngon tay gia trong khi nim mot
vat. Hinh 10 cho thay mod phong tlep xUc cua
ngon tay. Trong bdi canh nay, mét xich 3 cua
ngon tay t1ep xuc véi mot hop duge ¢b dinh
trén mat dat. Két qua mé phong duoc hién thi
trong Hinh 11 va 12. Md-men xoan dau vao
khong ddi & mirc 1 Nmm, ngon tay gia tiép xtc
v6i hop tai thoi diém t = 0,05 gidy. Sau khi tiép
xuc, luc tiép xtc tang 1én cho dén khi dat dén
diém twong dwong & gan 2N. Gia tri nay c6 thé
duogc tinh toan tir cac Cong thure 1-3.

Hinh 10. Buong di cua ngon tay
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Hinh 12. Géc lan cuia cdc lién két
5. KET LUAN

Bai bdo nay trinh bay m6 phéng ngén
tay gia deo dugc didu khién bang gan bang cach
st dung RECURDYN. Trong nghién ctru nay,
hai loai mé phong 1a mé phong duong di day
da va mo phong tiép xtc duogc thyc hién. Ca hai
két qua mo phong déu cho thiy chuyén dong
clia ngén tay gia gan gidng véi ngon tay that.
Tuy nhién, c6 mot s6 nhuoc diém nhu han ché
vé goc & vi tri cudi cung,... s€ dugc cdi thién
trong tuong lai. Hon nira, m6 hinh ngén tay gia
nay duogc s dung dé xay dung mo phong dong
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thoi giita MATLAB-RECURDYN dé phat
trién bo dicu khién. Va, nguyén mau ciia ngon
tay gia s€ duoc san xuat bang cach s dung may
in 3D.%
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