Journal of Science and Technique - Vol. 19, No. 01 (Mar. 2024)

THIET KE, CHE TAO GANG TAY HO TRQ PHUC HOI
CHUC NANG CHO NGUOI KHUYET TAT
SU DUNG CAC NGON MEM

Trinh Xuén Hiép?, Mai Vin Linh? Trinh Viin Pirc?, Phung Vin Binh?"
'Khoa Co khi, Truong Pai hoc Ky thudt Lé Quy Don
2Khoa Hang khéng vii tru, Truong Dai hoc Ky thudt Lé Quy Pén

Tém tit

Bai béo trinh bay quy trinh thiét ké, ché tao mot ging tay v&i muc dich tap co bop phuc hdi
chirc ning va hd trg thao tac cAm ndm vat cho nguoi bi khuyét tat van dong o ban tay, sur
dung cac ngdén mém. Cac ngdén mém cb cau trac dang composite nén silicone. Mot chuong
trinh tinh toan ty dong dwoc xdy dung trén ngdn ngit Python tich hop v6i phan mém
Abaqus/CAE cho phép khao sat dong thdi nhidu tham sé ciia cac ngén mém, nham dua ra
bd thong sb thiét ké hop 1y cua gang tay. Thir nghiém cho thay sai sb giira bién dang cta
ngén tay theo thuc nghiém va mé phong nhé hon 7,8% va cac ngén mém 6m sat duoc cac
ngon tay ngudi. Trén co s& d6, mot ging tay mém da dugc ché tao. Nhiing thir nghiém ban
déau cho thdy ging tay mém c6 thé giup nguoi bénh tap luyén phuc hdi v6i nhidu ché do
khac nhau ciing nhu hd tro nguoi bénh trong cac thao tic don gian nhu cam nim véi vat co
khéi lwong khoang 600 gram.

Tir khéa: Ngon mém c6 soi gia cwong; gang tay ré bot mém; chicong trinh tinh todn tw dong;
tich hop Python trong Abaqus; phuc héi chire nang ban tay.
1. Giéi thi¢u

Hién nay, theo s6 lidu thong ké ciia T chirc Y té Thé gisi (WHO), dot quy khién
cho 6,2 triéu nguoi chét mdi nam, nhiéu hon téng ) nguoi chét vi AIDS, lao va st rét.
Tai Viét Nam, theo udc tinh mdi nim co khoang 200.000 nguoi bi dot quy, trung binh
clr 6 nguoi thi co mot nguoi cd nguy co dot quy [1]. Bén canh anh hudng dén tinh mang
ctia nan nhan, dot quy con dé lai nhimg hé qua nghiém trong, gy ra khuyét tat lau dai
nhu li€t nra nguoi, suy gidam chirc ndng van dong cua cac chi, trong d6 c6 ban tay va
cac ngon tay [2, 3]. Bén canh dot quy, cac bénh vé xuong khép, cac chin thuong khéc
anh huong toi hé than kinh nhu chan thuong ndo, tiy séng, chan thuong hé than kinh
canh tay, than kinh cam giac cling 1am cho bénh nhan bi mat kiém soat chan tay hodc
cac co khac trong co thé, dic biét 1a ban tay, mot trong nhimg b phan quan trong nhét

cua con nguoi. Ban tay c6 chiic nang cam nam, dé thuc hién hau hét moi cong viéc
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thudng ngay, do d6 mat hodc suy giam cac chirc ning cua ban tay anh hudong rat 16n t6i
chat luong cudc séng cua bénh nhan. Bén canh phiu thuét thi tap luyén phuc hdi chic
ning ciia ban tay sé tac dung tich cuc, giup cai thién chit lugng cudc séng cua ho [4].
Cu thé, d6 1a cac bai tip sinh hoat hang ngay nhu mé va nim ban tay, cAm nim cac do
vat khac nhau, tic dong 1€n ban tay va cac ngodn tay dé kich thich hé co va hé than kinh
dé chung trd nén linh hoat hon, tir d6 cai thién va phuc hoi chirc ning [5, 6]. Tuy nhién,
viéc tap luyén phuc hdi chue nang can mot qua trinh 1ap di 1ap lai, doi hoi phai co6 su trg
gitp cua doi ngii y té 1au dai, co thé dan dén thiéu hut luc luong trong cac co so y té.

Do d6, viéc nghién ctru phat trién cac thiét bj hd trg va phuc hdi chirc ning néi
chung va ban tay néi riéng cho cac bénh nhan bi anh huong boi cac bénh lién quan dén
than kinh va nguoi gia c6 y nghia kinh té va xa hoi to 16n, di va dang nhan dugc sy quan
tam ddc biét ciia cac nha khoa hoc, dic biét 1a tai cac nude c¢6 nén khoa hoc tién tién.
Trong do6, gang tay phuc hdi chirc niang cho ban tay dugc cho 1a ¢6 nhiéu vu diém. Thyc
té trén thé gidi, ¢ cac nudc cod nén khoa hoc k¥ thuat phat trién, cac nha khoa hoc tai céc
vién nghién ciru va truong dai hoc 10n dang rit quan tdm nghién ctru phat trién cac ging
tay phuc hoi chirc nang va da cong bd trén cac tap chi khoa hoc uy tin [7, 8]. Cac ban tay
phuc hdi chirc ning nay thuong sir dung cac ngén mém dé phuc hdi chuyén dong cua
cac ngdn tay ngudi bénh, nhd nhitng vu diém vuot trdi cia cac ngén mém nhu cé thé
kich hoat véi nhiéu ché d hd trg khac nhau thong qua diéu khién mic ap suat khi nén,
tuong tac an todn véi ban tay ngudi bénh do tinh bién dang linh hoat cta vat liéu mém.
Céc gang tay trong cac cong bd nay déu sir dung vat lidu va phuong phap ché tao phiic
tap, doi hoi kinh phi 16n. Ngoai ra, mé hinh hoa bién dang clia cic ngén mém 14 yéu cau
rat can thiét dé c6 thé dua ra cac thong sb thiét ké phu hop cho cic ging tay phuc hoi.
Tuy nhién, day 1a van dé phuc tap do didc tinh phi tuyén vat Iy cta vat liéu mém va phi
tuyén hinh hoc ctia bién dang 16n. Trong cac cong bd trude day, cac nha nghién ciu nd
luc dua ra cac mo hinh todn dé mé ta bién dang ctia ngén mém duya trén cac gia thiét
tinh toan khac nhau, hodc sir dung cac cong cu md phong bang cac phin mém thuong
mai [9, 10]. Céc cach tiép cin nay c6 nhuoc diém 1 cac md hinh toan phirc tap nhung
lai chi dting cho timg truong hop thiét ké cu thé, hay cac mo phong rat ton kém vé mat
thoi gian va tai nguyén may tinh. Do d0, viéc dua ra mot cach tiép can khac dé khao sat
anh hudng cua nhiéu tham sb thiét ké, dé duara b6 tham $6 phu hop 1a mot nhiém vu co6
v nghia.

Dé khic phuc nhitng van d& trén, trong bai bao niy cic tac gia dé xudt qua trinh
thiét ké phat trién mot phién ban méi cho gang tay hd tro phuc hoi chirc ning cho ngudi
khuyét tat str dung cac ngén mém. Phuong phép ché tao cac ngén mém dugc gidi thidu,
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su dung cac loai vat li¢u voi chi phi va cong ngh¢ don gian, san ¢o & Viét Nam. Mot
phuong phap mo phong tich hop 1ap trinh Python véi hat nhan tinh todn cua Abaqus
dugc d& xuat dé co thé rat ngin thoi gian mé phong, khao sat nhanh bién dang cua cac
ngdn mém voi cac tham s thiét ké khac nhau, tir d6 dua ra dugc thiét ké phu hop cho
timg ngén mém. BO didu khién ging tay duoc xay dung cho phép ngudi bénh cé thé tap
phuc hdi v&i nhiéu ché d6 khac nhau. Bén canh d6, kha nang hd trg cAm nidm cua gang
tay cling dugc khao sat.

2. Thiét ké ging tay véi cac ngén mém

Ging tay mém bao gébm khung ging tay bang loai vai thich hop, c6 thé deo duoc
vao co tay dé gitr chat ging tay v4i canh tay. Cac bd chap hanh dong vai trd nhu cac
ngoén tay duge ché tao bang vat lidu mém, c6 cac 16p gia cuong dé ting do cimg. Cac
ngén mém nay duogc thiét ké dé ¢d dinh voi khung ging tay va co két cau, chiéu dai,
kich thudc phu hop véi tirng ngdn tay ciia ngudi deo, kich hoat dua trén khi nén thong
qua hé thong day dan khi nén dugc cb dinh voi khung ging tay. Gang tay phai dam bao
thudn tién, thoai mai cho ngudi dung, khdi lugng nhe (nho hon 350 gram). Cac ngén tay
c6 thé thyuc hién cic cir dong theo ba bac tu do, gidng nhu cir dong clia ba ddt tay ngudi
binh thuong. Tan s dong md cia cac ngodn tay cd thé diéu chinh dugc, dai luc hd tro
pht hop dé thyuc hién duoc cic cong viéc cam nam don gian hang ngay véi gia thiét cac
vat cam nam c6 khéi luong khdng quéa 500 gram.

Pé thuc hién duge muc tiéu do, trude hét 5 mau ngon mém di dugc thiét ké tuong
ung voi 5 ngdn tay cua ban tay nguoi trudng thanh.

2.1. Thiét ké cdc ngén mém

Muc nay sé tap trung vao viéc thiét ké, tinh toan, mo phong cac ngéon mém cé két
ciu kiéu composite voi soi gia cuong va 16p trung hoa. Pé don gian qua trinh thiét ké,
ché tao, cac ngon tay dugce phan thanh 3 loai, trong Gng v&i ngodn cai, 3 ngodn tay gitra
va ngbn 1t, trong d6 3 ngdén mém giita co tham sb giéng hét nhau. Chiéu dai cua 3 ngon
tay giira 1a 160 mm, con chiéu dai cia ngon céi va ut bang nhau 1a 140 mm.

CAu tao cua moi ngdn tay duogc dé xuét dya trén két cau phé bién cua cac bd kich
hoat mém dang composite [7, 11], ¢6 thé dugc tom tit nhu sau: Cac thanh phan bao
gdm than chinh, 16p trung hoa, soi gia cudng, 16p boc (Hinh 1). Trong d6, than chinh
duoc ché tao tir silicone RTV 230. Bén trong than chinh ctia ngén tay ¢6 khoang dan khi
thiét dién hinh ban nguyét, mot dau duoc bit kin va mot dau ndi véi 6ng dan khi nén.
Lép trung hoa duoc gin & day cua ting ngdén mém, duge ché tao tir vai soi thay tinh
(woven fiberglass) c6 do day 0,2 mm. L6p trung hoa duoc thiét ké thanh cac doan sao
cho ngon mém khi bién dang dudi tic dung ctia ap suat khi nén sé& hinh thanh cac khic
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pht hop véi cac d6t cuia ngédn tay ngudi. DO dai cac doan cua 16p trung hoa duoc lya
chon phu hop sao cho cic ngén tay c6 thé chuyén dong thoai mai. Tiép theo 1a soi gia
cuong voéi tiét dién c6 duong kinh 0,5 mm dugc cudn xung quanh 16p than chinh va 16p
trung hoa véi goc xodn 1a khoang 4°. Lép boc ciing duge ché tao tir silicone RTV 230
dé boc bén ngoai than chinh véi soi gia cudng va 16p trung hoa, tao thanh mot ngon
mém hoan chinh (Hinh 2).

Soi gia cuong

Hinh 2. M6 hinh ngén mém véi sei gia cuong.

2.2. Mé phéng cic ngén mém
Quan hé giita 4p suét va bién dang ciia ngén mém duoc md phong nhd phuong
phép phan tr hitu han (FEM). Vat liéu silicone RTV 230 dé ché tao than chinh va 16p
boc bén ngoai ngén mém 14 dang vat lidu siéu dan hoi, dang huéng voi khbi luong riéng
1a 1140 kg/m?. Vat liéu nay duoc md phong dua trén md hinh Yeoh vdi cac hé sd
C1o0 = 0,17969929; C2 = 0,0277 va Cso = -0,000639 [12]. Than chinh ngon tay duoc
chia lu6i str dung phan tir tir dién (Tetrahedral). Lop trung hoa sir dung vat lidu vai véi
cac thong sd co ban: do day 0,2 mm, khdi lugng riéng 750 kg/m®, md dun dan hoi
E = 6500 MPa, hé s Poisson 0,2. Soi gia cuong la soi day chi voi khdi luong riéng
1201 kg/m?, tiét dién day c6 duong kinh 0,5 mm, mé dun dan hoi E = 31076 MPa, hé sd
Poisson 0,36. Mot dau ngon mém duoc ¢b dinh (dang ngam), dau con lai dé ty do theo
kiéu dam cong-xon (Hinh 3). Tac dung cia khi nén bén trong khoang ngén mém duoc
mo hinh hoa béi ap suat phan bd déu, gié tri ting dan dén 410 kPa.
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Vi tri &p suét
Vi tri ngam

Hinh 3. Piéu kién bién va tai trong ciia ngén meém.

Dé c6 thé khao sat anh hudng ciia cac tham s thiét ké téi bién dang cua ngén mém,
tir d6 dua ra bo thong sb thiét ké phu hop véi timg ngén tay, mot chuong trinh ty dong
tinh toan bién dang cho ngdén mém s& duoc xay dung. Chuong trinh tu dong tinh toan
ngén mém dugce xay dung & dang Script file dugc thiét 1ap trén ngon ngit Python tich hop
v6i bo xtr 1y trén phan mém Abaqus/CAE. Chuong trinh tu dong nay s& tich hop vao hat
nhan tinh toan cta Abaqus dé qua trinh moé phong bién dang cac phuong an thiét ké khac
nhau s& duoc tién hanh hoan toan ty déng. Cach xay dung chuong trinh ty dong tinh toan
nay da dugc nhom tac gia mo ta chi tiét trong cong trinh [13]. Theo cach tiép can nay, qua
trinh tinh toan duoc dién ra mot cach lién tuc va tu dong. Nho d6, thoi gian tién xir 1y va
hau xir Iy da duoc rat ngan t6i da. Thoi gian tinh todn khao sat mdi phuong an trung binh
da giam tir khoang 60 phat con khoang 10 phit. Cu thé, qua trinh ty dong hoa tinh toan
bang phuwong phap dé xuat dugc thé hién qua video theo duong din sau:
https://www.youtube.com/watch?v=jGLNdUApgfE&list=PLalk4USIExdT0sY SQazZmnr

01zzzU3WKCk&index=10

b) Gian — xoin

¢) Ubn d) Ubn — xofn
Hinh 4. Bién dang cia ngon mém twong g Véi cac cdu hinh khac nhau (véi P = 250 kPa).
Do cac ngdn tay céi, gitra, ut c6 kich thudc va cach thirc hoat dong khac nhau nén
cac cau hinh ngén mém khic nhau s& dugc khio sat ¢é tim ra phuwong an c6 su bién
dang phu hop véi chung. Két ciu cac ngén mém dugc thay doi twong tng véi sy thay
dbi cua soi gia cudng va 16p trung hoa. Két qua mod phong cho thiy, voi cing mot murc
ap suat, viéc str dung hai soi gia cuong cudn theo hai hudéng nguge nhau s& tao cho
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ngén mém bién dang gidn dai-uén (Hinh 4a); trong trudng hop s dung mét soi gia
cudng cudn theo mot hudng thi s& tao cho ngdén mém bién dang gidn-xoan (Hinh 4b);
viéc sir dung hai soi gia cuong cudn theo hai huéng nguoc nhau két hop véi 16p vai
trung hoa s& tao cho ngdén mém bién dang udn (Hinh 4c); con trong trudng hop két hop
mot soi gia cuong voi 16p vai trung hoa thi s& tao cho ngdén mém bién dang
ubn-xoan (Hinh 4d).
2.3. Lwa chon phwong dn thiét ké cdc ngon mém ciia gang tay

Dua trén co s& két qua khao sat va chuong trinh tinh toan tu dong & muc 2.2, cac
tham s6 kich thudc cua 10p trung hoa, twong tmg véi kich thude cac dbt cia ngon mém
pht hop (Hinh 5 va 6) dam bao cho cac ddt ngon mém bam sat cac dbt ngon tay nguoi
da duogc lya chon nhu thé hién trén bang 1. Két cdu cua céc ngon mém va két qua tinh
toan mo phong bién dang ctia ngon giira, ngdn Gt va ngon cai duge minh hoa twong tng
trén cac hinh 7-9. Dic biét, dé tao do cong phu hop, ¢ ngoén tay cai chi c6 mot soi gia

cuong dugc cudn theo mot hudng xoan ¢ doan az va az.

a b, a, b, a,

Hinh 5. Kich thuoc lop trung hoa.

Hinh 6. Ngén tay nguwoi gap khuac khi cam nam vat.
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Bdng 1. Bang théng sé cdc 16p trung hoa va khodng cdch cdc I6p giita chiing

Thong sd
Ngon | (mm) | a, (mm) | a, (mm) | a, (mm) b, (mm) b, (mm)
Ba ngon gitia 160 35 40 65 5 15
Ngon céi 140 40 40 40 5 15
Ngon at 140 35 30 60 5 10

Chuyén vi U, mm

U, Magnitude
+2.234e+02

350 kPa

Chuyén vi U, mm

U, Magnitude
+2.204e+02

+0.000e+00

380 kPa

Chuyén vi U, mm

U, Magnitude
+2,1372+402

+0.000e+00

410 kPa

Hinh 7. Két cdu va két qua md phong bién dang cia ngon giira.

Chuyén vi U, mm

U, Magnitude

+0.000e+00

350 kPa

Chuyén vi U, mm

U, Magnitude

+0.000e+00

380 kPa

Chuyén vi U, mm

+0,0005+00

410 kPa

Hinh 8. Két cdu va két qua md phong bién dang cuia ngon (.

AN

. A
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Chuyén vi U, mm

350 kPa

Chuyén vi U, mm

380 kPa

Hinh 9. Két cau va két qua mé phong bién dang ciia ngén cdi.

Chuyén vi U, mm

410 kPa
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Pé minh hoa 15 hon sy phit hop vé do cong ctia ngén mém bam sat ngon tay
ngudi thyuc té, cac diém tai vi tri gap khuc (6 mat day) cia ngéon mém di duoc nbi véi
nhau nhu duoc minh hoa trén hinh 10. Két qua khao sat voi ba muc 4p sudt khac nhau
(350 kPa, 380 kPa, 410 kPa) cho théy kich thudc ngén mém duoc lya chon 1a hop ly va
tuong thich véi ngon tay ngudi thuc té.

20 —e— 350 kPa
— 0 — 380 kPa

-20 —@— 350 kPa

._..}
qQ |~ O —380kPa *,

= | P = 0 | urQuerr 410 kPa| 7 = )
E 3 0n 410 kPa | ¢ E 4! ¢ E | —e—350kPa| *
E4 ; E o} E40_ 5 —3s0kpa
> > ; > +::Qr+ 410 kPa
60 €0 Q¥ 60 o,
o-.._ ------ ’
30 80 - Ste
40 20 0 20 40 40 20 0 20 -20 0 20 40 60
X (mm) x (mm) x (mm)
a) Ngon ut b) Ngon giira c) Ngén cai

Hinh 10. Cac ngén mém tqo ra su gdp khiic tiwong iing Véi cac mic ap suat khac nhau
(@) Ngon at; (b) Ngon gizra; (c) Ngon cai.
3. Ché tao va thwc nghiém ging tay véi cac ngén mém
3.1. Ché tao, thuc nghiém cdc ngon mém
3.1.1. Ché tao ngén mém

Céac ngon mém duge ché tao bang phuong phap duc. Vit liéu st dung dé dic cac
ngon 1 silicone RTV 230 (Hinh 11a). Khudn duc duoc ché tao nho phwong phép in 3D.
Khuon gém hai phan chinh 14 khuén duc than chinh va khuén dé duc 16p boc.

i —
= -

b) Than chinh

m“s
[ T

¢) Gan 16p trung hoa, cuén soi gia cudng
d) Cac ngén tay mém va d6 16p boc

Hinh 11. Qua trinh ché teo cac ngén mém.
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Quy trinh ché tao ngén mém nhu sau: Tron déu thanh phan A-B cua silicone theo
ti 18 1:1, sau d6 dd vao khuon dbc than chinh, doi silicone kho thu duoc than chinh ngon
tay (Hinh 11b). Tiép theo, cét 16p trung hoa gin 1én day cua than chinh rdi cudn soi gia
cuong déu xung quanh ngén va ché tao 16p boc (sir dung khudn duc cia 16p boc) dé boc
vao than chinh (Hinh 11c). Cudi cung, str dung silicone boc hai diu ciia ngéon mém dé
thu duoc ngéon mém hoan chinh (Hinh 13d). Cac ngdén mém duogc ché tao hoan chinh
v6i thoi gian 4 gio va chi phi dudi 300.000 dong cho mot ngon. Do d6, dam bao tinh
kinh té va kha thi trong diéu kién tai Viét Nam.

3.1.2. Thue nghiém cdc ngén mém

Pé danh gia kha nang dap Gng vé bién dang cia cac ngéon mém di duoc dit ra
trong yéu cau thiét ké cua ging tay hd tro, tién hanh thuc nghiém kha ning bién dang
clia timg ngdn voéi cac mirc ap suat khac nhau ting dan dén 410 kPa. Sy twong dong
giita két qua mo phong va thyc nghiém dugc thé hién trén hinh 12.

U, Magnitude

= 0 Thwc Nghiém
.20 |——%—Mb phéng

+0.000e+00 g
£ 40
>
-60
-80
-40 20 0 20
X (mm)
a) Hinh anh b) B thi

Hinh 12. B gap khc cia ngén giiza theo md phaong va thuc nghiém (410 kPa).
Vé mat dinh luong, bién dang cia cac ngoén mém duoc danh gia thong qua cac
goc mo quy udc dd cong cua cic ngéon mém nhu hinh 13. Két qua so sanh giita mo
phong va thyc nghiém duoc tom tit trong cic bang 2 va 3.

U, Magnituds
+2.137e+02
+1.958e+02
+1.780e+02
+1.6028+02

+5.341e+01
+3.561e+01
+1.780e+01
+0.0002+00

Hinh 13. Cdc géc quy wde dé gap khac cia ngon mém.
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Két qua so sanh duoc thé hién trén céc bang 2 va 3 cho théy, do sai léch cac goc
quy udc @i cia ngbdn giita theo két qua thuc nghiém va mé phong 1a khong 16m, trung
binh khoang tir 1,6 dén 7,8%, diéu nay khing dinh tinh tin cy cua cac két qua thu duoc.
Céac goc mo quy ude thu duoc tir két qua thuc nghiém va mé phong phu hop véi cac
thao tac cir dong thong thuong cua cac ngon tay ngudi, do dé thiét ké cac ngédn tay 1a
hop 1y.

Bdng 2. So sanh dj sai léch cac géc quy wée gi ciia ngon gitka voi cdc mire dp sudt khdc nhau

Ky hiéu 2 P2 & &

g6c | 3350 | 3380 | 3410 | 3350 | 3380 | 3410 | 3350 | 3380 | 3410 | 3350 | 3380 | 3410
kPa | kPa | kPa | kPa | kPa | kPa | kPa | kPa | kPa | kPa | kPa | kPa

Mo

phong | 26 | 28 | 30 | 103 | 95 | 88 | 110 | 105 | 98 | 129 | 125 | 98

)

Thuc

nghiém | 28 | 26 | 20 | 110 | 98 | 90 | 100 | 103 | 98 | 139 | 123 | 98

©)

Sa(ltylf)Ch 76 | 711331683123 901900/ 78] 16/ 00

Bang 3. So sanh do sai léch cac goc quy woc @i cia ngon cdi voi cac mirc dp suat khac nhau

Ky higu 4 P2 s (o“

goc | 3350 | 3380 | 3410 | 3350 | 3380 | 3410 | 3350 | 3380 | 3410 | 3350 | 3380 | 3410
kPa | kPa | kPa | kPa | kPa | kPa | kPa | kPa | kPa | kPa | kPa | kPa

Mo

phong | 48 | 52 | 56 | 103 | 95 | 88 | 130 | 125 | 120 | 17 | 20 | 24

)

Thuc

nghiém | 52 | 55 | 60 | 104 | 98 | 92 | 128 | 126 | 121 | 18 | 21 | 25

0

Sa(‘o/l(g"h 83|58 |71/09]|31|45| 15|08 1|08]|59]50]| 42

3.2. Diéu khién ging tay véi cdc ngén mém

Céc ngén tay sau khi ché tao dugc 16ng vao mot ging tay bang vai sdn co. Trong
d6 cac ngon mém duoc giit ¢d dinh thong qua céc vi tri 6ng 1ong twong Ung voi vi tri
cac dot tay, cac diy dan khi nén dugc ¢b dinh voi nhau tai vi tri tuong Ung véi co tay
bénh nhéan. Dé tao phan hdi vé vi tri cia cac ngén tay, cac cam bién goc udn duge dan
c¢b dinh vao mit trong ctia cac ngén mém. Tin hiéu tir cic cam bién nay cho phép kiém
soat cling nhu diéu khién bién d6 cong clia timg ngén tay. Gang tay phuc hoi chirc ning
sau khi hoan thanh dugc thé hién trén hinh 14.
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Hinh 14. Gang tay phuc hoi chite ndng sir dung ngén mem.
Tiép theo, bd diéu khién cho ging tay s& duoc xay dung. Hoat dong cua ging tay

duoc diéu khién thong qua cac ngon mém nho bd didu khién khi nén va tin hiéu phan
hoi tir cam bién goc ubén. Gang tay mém hd trg ngudi bénh duge dicu khién bang cach
dong mé van diéu huéng theo cac mirc ap sudt khac nhau dé cic ngon tay cong voi cac
murc khac nhau.

Mot chuong trinh diéu khién da duoc xay dung dé kiém soat trang thai dong/mo
ciia van dién tir véi mot mach ngudn (MOSFET) di duogc thiét lap diéu khién trén
Arduino. Ap suét duoc tao ra boi may nén khi va duoc cip qua van dién tir, sau d6 qua
van tiét luu dé diéu chinh luu lugng dong khi, sau d6 dan khi nén dén cac ngén mém.
Qua trinh lwa chon cac ché do va cac mitc co bop dugce tién hanh thong qua chuong
trinh giao dién nguoi dung, hién thi trén man hinh LCD va duoc chon bang cac nit bam.
So d6 nguyén Iy diéu khién cac ngén mém nho khi nén duoc thé hién trén hinh 15.

Co chu chip -
hanh mém I | |
EE Vari tiét 1}ru
mot chiéu

Van déi chiéu 5/3

Cam bién
géc uon _ Cam bién
&p suat

F T aduino  Mach diéu khién!

SO

MOSFET

———————————— Ngudn khi nén

—— Tin hiéu diéu khién
—— Mach khi nén

Hinh 15. So do diéu khién co cdu chap hanh mém.
biéu khién gang tay mém duoc thue hién theo hai ché do chinh: Ché d6 tu dong
co bop voi muc dich phuc hdi chirc ning cho bénh nhan va ché d6 hd tro ngudi bénh
cam nim. So dd thuat toan diéu khién ging tay mém theo cac ché do khac nhau thé hién
trén hinh 16.
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Ché d6 == cAm ndm

Chuyén sang ché
d6 hd trg nguoi
bénh cam nam

r Co b6p mirc nhe

— Co bop murc trung binh

— Co bop mirc manh Mirc =1

Hinh 16. So do thudt todn diéu khién gdng tay mém theo cdc ché d¢ khdac nhau.

Ché do tu dong co bop gdm 2 loai. Thir nhat, loai co bop tu dong duogc chia thanh 3
mic 13 mac 1, mic 2 va muic 3, tuong Ung voi cac muc ap suét 1a 350 kPa, 380 kPa
va 410 kPa. Tan s6 co bop cua ging tay mém dugc diéu chinh dé dat dugc khoang
20 lan/phut. Khi chuyén sang ché d6 co bop tu dong, mach Arduino phat tin hiéu kich mo
MOSFET, cap ngudn cho cudn tir bén trai va khi nén duoc bom 1én cac ngén mém. Sau
khi p suat dat dén gid tri nhat dinh, mach Arduino truyén tin hiéu dén MOSFET kich m&
MOSFET thtr 2 cip ngudn cho cudn tir bén phai dé xa khi nén tir ngén mém ra ngoai.

Loai co bdp thir 2 duogc thiét 1ap theo tin hiéu phan hdi tir cam bién goc. Gia s
nguoi bénh c6 mot ban tay can phuc hdi, con ban tay kia binh thuong. Cam bién goc
u6n duge gan vao ban tay binh thuong. Khi ban tay binh thudng ndm vao dat dén gié tri
goc udn nhét dinh, cam bién phat tin hi¢u dé bo diéu khién mo van khi nén cho dén khi
ap suét dat dén gid tri yéu cu va giit & d6. Tan s6 m& va gia tri ap suat khi nén phu
thudc vao tan sb va bién d6 mé cua gang tay gin & ban tay binh thuong. Hé théng diéu
khién khi nén con ¢é chirc niang xa khi qua cac van dién tir khi ap suat vuot qué gia tri
thiét 1ap, dam bao an toan cho nguoi s dung. Hé thong diéu khién khi nén con c¢é chirc
ning an toan, xa khi khi 4p sut vuot quéa gia tri ngudng dugc thiét lap trude. Ché do
hoat dong nay dugc minh hoa nhu hinh 17. Ciing véi co ché twong ty nhu véy, ging tay
mém c6 thé hd trg ngudi bénh cAm nim d6 vat theo mong mudn dua trén tin hiéu tir
cam bién goc.
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Tay trai binh,thub‘ng,,néi Tay phai bi liét, Tay trai co lai Tay phai co theo
véi cam bién goc uon deo gang tay

Hinh 17. Piéu khién gang tay mém theo tin hiéu thu dwoc tir cam bién goc uon.

3.3. Thuc nghiém ging tay véi cdc ngén mém
3.3.1. Thuc nghiém trong truong hop chi c6 gang tay mém

Dé kiém tra kha ning 1am viéc thuc té cua ging tay mém, dau tién ging tay mém
dugc thue nghiém kha ning co bop theo cic mirc 4p sut khac nhau va kha ning giit vat
& trang thai chi c6 ban tay mém. Trong thir nghiém nay, truéc hét cac vt ning duoc xac
dinh khéi luong trude bang cac can dién tir, cic ging tay mém duogc giit boi tay nguoi &
trang thai sao cho tay ngudi khong tac dong gi toi bién dang cua cac ngén tay. Cac ging
tay mém duge dua dén vi tri tiép xuc voi cac vat nang, sau dé dugc kich hoat béng ap
sudt khi nén véi muc ap suit xac dinh thong qua hé théng diéu khién. Két qua cho thiy
ging tay c6 thé cdm-nim céc vat khac nhau va khéi lugng cua d6 vat ma ging tay co thé
giit 1én dén 350 gram, diéu nay khang dinh lyc va md men udn tao ra tir bién dang cua
cac ngon mém kha tét, c6 thé hd tro bénh nhan co bop tay bi bénh dé tap phuc hoi chirc
nang ciing nhu hd trg cdm nam (Hinh 18).

"
Hinh 18. Kha nang giir vdt cua gang tay.
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3.3.2. Thuc nghiém vdi truong hop gang tay mém dwoc deo vao tay nguoi

Tiép @06, dé kiém tra kha ning hd tro co bop cua ging tay mém dbi voi ban tay
ngudi, hudng toi co thé hd tro nguoi khuyét tat. Gang tay mém dugc deo vao ban tay
nguoi lanh nhu thé hién trén hinh 19. Ba mtc ap suat duoc kich hoat theo 3 ché do co
bop duoc thiét 1ap trong chuwong trinh diéu khién, tay ngudi dugc tha 1ong & trang thai
hoan toan ty do. Két qua cho thiy, ging tay mém c6 thé deo vao tay nguoi va hd trg
dugc nguoi dung co bop ban tay mdt cach thoai mai.

Muec 1 - 350 kPa Murc 2 - 380 kPa Muec 3 - 410 kPa
Hinh 19. Gang tay mém hé tro ban tay nguoi co bop & cdc mike dp sudt khéc nhau.
Tuong tu thue nghiém co bop trén, kha ning ging tay hd tro ngudi khuyét tat cim
nam mot sé d6 dung duoc tién hanh (Hinh 20). Két qua cho thay, gang tay c6 thé hd tro
ngudi khuyét tat cdm ndm mot s6 d6 dung c6 hinh dang, kich thudc khac nhau voi khoi
luong 1én dén 670 gram mot cach thuan loi va thoai mai.

=

343 g

Hinh 20. Gang tay mém hé tro ban tay nguoi khuyét tat cam ndam do vat.
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4. Thao ludn va két luan

Bai b4o di trinh bay quy trinh thiét ké, phat trién ging tay hd tro phuc hdi chirc
ning cho ngudi khuyét tat sir dung ngén mém, dwoc kich hoat chuyén dong va diéu
khién nho ap suat khi nén.

Gang tay mém thiét ké, ché tao di dat dugc nhiing yéu cAu dit ra, véi khoi lugng toan
bd ging tay bao gdm cac ngén mém, cam bién va cac ddy dan khi nén bang 300 gram, cho
phép dé dang deo vao ban tay ngudi mot cach thoai mai. Quy trinh thiét ké va khao sat
cac ngdén mém sir dung mot chuong trinh ty dong tinh toan ngén mém duge xay dung
trén ngdn ngit Python tich hop véi phan mém Abaqus/CAE, cho phép ty dong tinh toan
khao st cac phuong an thiét ké khac nhau mot cach tu dong. Nho do, cac tham sé kich
thude phu hop cia ngéon mém da dugce lua chon theo tiéu chi ngon mém khi bién dang
bam sat voi cac ngon tay khac nhau cia ban tay ngudi. Nho d6, tay ngudi deo 6 thé cir
dong d& chiu va linh hoat. Bién d6 va tan s6 dong md cua ging tay mém duoc diéu
khién thong qua viéc dong mo cédc van dién tur cia hé théng khi nén, tién hanh tu dong
thong qua chwong trinh diéu khién, duoc hién thi truc quan trén man hinh LCD va céc
nat bAm don gian, d& sir dung. Ngoai ra, cic ngéon mém con duoc tich hop cam bién goc
ubn, cho phép co thé dung mot ban tay lanh dé didu khién thao tac cho ban tay bj khuyét
tat vé van dong. Toan b hé théng van dién tr va day dan khi nén dé dén va diéu khién
khi nén cta ging tay mém déu c6 kich thudc va khdi lugng nho, cho phép thu gon kich
thudc cia toan bd ging tay. Cac hé théng van va chuong trinh diéu khién khi nén cho
phép xa khi khi ap sudt khi nén vuot quéa gi tri thiét 1ap, diéu d6 dam bao an toan trong
tuong tac gitta nguoi deo va ging tay mém.

Vi thiét ké hién tai, gang tay c6 thé ung dung v6i hai myc dich khac nhau. Mot
14, hd tro vat 1y trj liéu dé phuc hdi chirc ning cho ngudi bi liét ban tay do dot quy hoic
tai nan lao dong. Hai 13, ging tay c6 thé hd trg nguoi bénh cam nam vat thong thuong
v6i cac thao tac don gidn nhu cAm nam, di Chuyén cac vat. Phién ban hién tai chua thé
hd tro cho ngudi bénh thuc hién cac thao tac phirc tap phai diéu khién cic ngén tay
riéng 1é nhu cam dila, cam but...

Can luu ¥ rang, & bai bao nay gang tay mém chua dugc thir nghiém thyc té vai
ban tay ctia ngudi bi khuyét tat that, tuy nhién nhimg thi nghiém vé kha ning co bop va
giit vat & trang thdi chi c6 ging tay mém va trang thai deo vao tay nguoi lanh nhung

duoc tha ty do da khéng dinh dugc kha nang thao tac linh hoat va hd trg cdm nim cua
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ging tay mém dat duoc chi tiéu thiét ké dé ra. Thuc nghiém cho thiy ging tay hién tai
¢6 thé cAm nim c6 khdi lugng dén 670 gram, khoang gia tri nay ciing phu hop voi
nhing vét thong thudng ma ngudi bénh phai cdm nam thudong ngay. Dé c¢6 thé cAm nim
cac vat c6 khdi luong niang hon thi can ting ap suat khi nén va ting do day 16p than
chinh cta ngoén tay dé dam bao ging tay khong bi thing, rach.

Hé théng day dan khi nén duoc cb dinh gon gang vao ging tay, voi khéi lugng
tong cong cla ging tay va diy dan khi nén khong qua 300 gram, cho phép dé dang deo
ging tay vao ban tay can hd trg va cd dinh cac day din khi vao cd tay cta bénh nhén.
Viéc sir dung ngudn khi nén c6 thé duge thyc hién theo hai hudng: Mot 13, sir dung may
nén khi ngudn xoay chiéu ¢ 16n dwoc bd tri mot khu riéng, rdi chia dén nhiéu vi tri
trong nha tap luyén dé tién cho qué trinh tap luyén phuc hdi chirc nang cua bénh nhin
(¢ cac khu diéu tri tap trung). Hai 14, stt dung may nén khi nguén dién mot chiéu ¢& nho
(vi du may nén khi BXD24 kich thuéc nhé gon 15 x 7,5 x 11,5 (cm), nang 1 kg, nguon
DC 12V) ¢6 kha nang déng gbi trong mot hop diéu khién kich thudc nho gon di kém
theo ging tay dé hd trg ngudi bénh trong nhitng sinh hoat don gian. Thiét bi c6 thé di
chuyén br:ing tay voi su hd tro cua nguoi nha bénh nhan hoac dugc dat ¢ dinh 1én céc vi
tri thich hop trén xe lan cua bénh nhan.

Dé c6 thé phat trién ging tay mém trong nghién ctru ndy thanh mot san pham co
thé st dung duoc trong thuc té, nhirng nghién ctru thuc nghi¢m sau rong hon can dugc
tién hanh. Trude hét, cac nghién ctru sdu hon vé dong luc hoc cua cac ngéon mém nhu
lyc va md men udn tao ra cta timg ngén dudi tac dung clia cdc muc ap suat khi nén
khac nhau. Sau d6, md hinh dong luc hoc khi ging tay duoc deo vao tay nguoi can duoc
dé xuat dé phan tich tudng minh hon kha ning hd trg thuc té ciia ging tay mém. Tiép
0, cac quy trinh dong goi toan bo gang tay, hé thong khi nén va diéu khién ciing nhu dé
Xuét phuong an ti uu hoa vé nang luong str dung can duge thuc hién cu thé. Cubi cung,
ging tay phai dugc thuc nghiém trén sb luong du 16n ban tay nguoi bi khuyét tat dé
kiém tra kha ning 1am viéc thuc té va hoan thién san phim ging tay mém nay. Céc
nhiém vy nghién ctru nay s€ dugc cac tac gia thyc hién trong cac nghién ctru tiép theo.
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DESIGN AND MANUFACTURE OF SOFT FINGER-GLOVES
FOR REHABILITATION OF INDIVIDUALS
WITH DISABILITIES

Abstract: This article presents the development and production process of a glove
designed for rehabilitation, and enhancing object manipulation capabilities for individuals with
hand mobility limitations, using soft finger design. The soft fingers are constructed from a
composite structure consisting of silicone rubber material. An automated calculation program
is created in Python and integrated with Abaqus/CAE software, enabling the concurrent
exploration of numerous parameters governing the soft fingers to choose a rational design of
glove. Experimental tests reveal that the error of the experiment and simulation results is less
than 7.8%. Furthermore, these deformable soft fingers can closely mimic the contours of human
fingers. Leveraging the successful construction of the soft fingers, a corresponding soft glove is
manufactured. Preliminary validated experiments demonstrate the effectiveness of these soft
gloves in aiding patients with diverse exercise rehabilitation. Additionally, they provide support
for basic tasks such as grasping objects weighing approximately 600 grams.

Keywords: Soft fiber-reinforced fingers; soft robotic glove; automatic calculation
program; the Python-Abaqus/CAE script; rehabilitation.
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