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1. Thong tin chung:

- Tén dé tai: Nghién ctru, thiét ké va ché tao 6 mom cut cho ngudi khuyét chi dudi
bang phuong phép k¥ thuat s6

- Mi s6: T2023-06-12
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- Thanh vién tham gia:
- Co quan chu tri: Trudng Pai hoc Su pham K thuat — Pai hoc Pa Nang
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2. Muc tiéu:

Nghién ctru va dé xuat mot quy trinh cong nghé tao mau 6 moém cut chan gia
cho nguoi khuyét chi dudi.

3. Tinh mdi va sang tao:

Dua vio cong nghé quét hinh 3D st dung médy quét 3D cam tay két hop cong
nghé in 3D va cac phan mém di kém hoan toan mién phi.

4. Tom tat két qua nghién ctru:

Nghién ctru va dé xuat mot quy trinh cong nghé tao mau 6 mém cut chan gia
cho nguoi khuyét chi dudi dya vao cong nghé quét hinh 3D st dung may quét
3D cam tay két hop cong nghé in 3D va cac phan mém di kém hoan toan mién
phi dé giai quyét van deé vé chi phi, phu hop véi di€u kién kinh té ¢ Viét Nam.

5. Tén san pham:

- 01 bai bao duogc tinh diém cong trinh khoa hoc trong danh muc HDCDGSNN.

- 01 md hinh 6 mém cut duge in 3D.

6. Hiéu qua, phwong thirc chuyén giao két qua nghién ciru va kha ning 4p dung:

Hiéu qud: Pap tmg duoc nhu cau di chuyén binh thudng cho nhitng ngudi
khuyét chi dudi.

Phwong thire chuyén giao két qua nghién ciru: Két qua nghién ctru ¢ dang béo
cdo khoa hoc. San pham la 6 mém cut dugc tao bang phuong phéap in 3D.

Dia chi ung dung: B mon Ché tao may — Truong Pai hoc Su pham K¥ thuat
— Pai hoc Pa Nang.
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INFORMATION ON RESEARCH RESULTS

1. General information:

Project title: Research, design and manufacture of stump sockets for lower limb
amputees using digital methods

Code number: T2023-06-12
Coordinator: MSc. Nguyen Thai Duong

Implementing institution: University of Technology and Education — The
University of Danang

Duration: from 03/2024 to 02/2025
2. Objective(s):

Research and propose a technological process for creating a model of a
prosthetic socket for lower limb amputees

3. Creativeness and innovativeness:

Based on 3D scanning technology using handheld 3D scanners combined with
3D printing technology and accompanying software that is completely free.

4. Research results:

Research and propose a technological process for creating prosthetic limb
socket models for people with lower limb amputations based on 3D scanning
technology using handheld 3D scanners combined with 3D printing technology and
accompanying software that is completely free to address cost issues and is suitable
for economic conditions in Vietnam.

5. Products:

- One article in International Conference with ISBN index.

- One 3D printed stump socket model.

6. Effects, transfer alternatives of reserach results and applicability:

Effects: To meet the normal mobility needs of people with lower limb
disabilities.
Transfer alternatives of research results: The research results are in the form

of a scientific report. The product is a stump socket created using 3D printing."

Applicability: Department of Machine Manufacturing - Faculty of Mechanical
- University of Technical Education - University of Danang. 48 Cao Thang, Hai Chau
District, Da Nang City.



MO PAU
1. Téng quan tinh hinh nghién ciu

1.1. Ngoai nwoc

Sb lieu thong ké & Hoa Ky wéc tinh rang cé gan 2 triéu nguoi dang phai séng
chung véi tinh trang mat chi va con sé ndy sé ting gan gap doi vao nam 2050 [1].
Trén toan cau, cac bao céo dich t& hoc trong 10 ndm qua chi ra rang ¢6 hon 1 triéu
ca cat cut chi da duoc thuc hién trén nhitng ngudi mac bénh tiéu duong mdi nam
[2], diéu d6 ¢ nghia 14 ctr 30 gidy trén thé gidi lai c6 mot ngudi bi mat di 2 chan do
bénh tiéu duong. Va trong sb nhitng nguoi ndy, ¢6 téi 55% s& phai cat bo chan con
lai trong vong 2-3 nam tiép theo [3]. Nguyén nhan chinh dan dén cat cut chi bao
gom cac bénh tim mach (54% dai thao duong va bénh dong mach), tai nan chan
thuong (45%), nhiém tring, khéi u ung thu, ton thuwong than kinh va di tat bam sinh
(dudi 2%) [4].

Mom cut 14 phan con lai caa mot chi sau khi bi tién hanh phau thuat cit cut.
Déi vai bénh nhan, viéc cat cut chi c6 thé anh huong dén ca sirc khoe thé chat ciing
nhu tinh than va lam thay doi cudc séng caa ho. Chi gia 1a mét thiét bi ding bén
ngoai dugc thiét ké dé cai thién chat lugng cudc song cho nhiing ngudi da tirng bi
cat cut chi. Viéc sir dung chi dudi gia, hay don gian 1a chan gia, nham gitp bénh
nhan phuc héi kha nang van dong. Trong qua trinh ché tao chan gia thi viéc ché tao
6 mom cut 12 mot giai doan hét sic quan trong. O mom cut dong vai trd quan trong
két ndi gitta co thé nguoi sir dung véi chan gia, duoc san xuat riéng biét theo kich
thudc va hinh dang mom cut caa tirng ngudi (hinh 1.1). Chi tiét nay quyét dinh viéc
sir dung chi gia c6 bi dau hay khong, cho gan vao co thé ¢ chac chan hay khong va
g6p phan phét huy tac dung caa cac khop gia. DBdi véi chan gia, dang di coa ngudi

str dung hoan toan phu thudc vao thiét ké caa 6 mom cut nay.
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Hinh 1.1 - Cac thanh phan cua chi gia

Khi & trang thai tinh va dong, cac thanh phan luc duoc truyén tir 6 mom cut
dén cac cau triic xwong cuia mom cut thdng qua cac md mém. Ta biét rang cac mo
mém cua phan moém cut khdng c6 kha ning chiu dung duoc cac thanh phan hec nay,
thach thirc dit ra la phai tao ra mot 6 mom cut sao cho ap luc bé mat du tao ra khop
ndi cing voi khung xwong va dong thoi khdng gay ap lec qua muc cho phan mo
mém [5]. Vi vy, co thé thay rang 6 mom cut la bo phan chinh va quan trong quyét
dinh muc do thoai mai khi str dung chan gia, no can dugc thiét ké phu hop dé dam

bao dat dugc két qua cao trong qua trinh phuc hdi chirc ning cho ngudi cut chi [6].

Vi mém cut la duy nhat vé hinh thai va co hoc, nén mdi 6 mom cut phai duoc
thiét ké danh riéng cho timg bénh nhan. Quy trinh thiét ké va ché tao hién tai 1a mot
quy trinh tha cong va ton nhiéu cong strc dya trén cac chinh sira lap di lap lai do
bac si chinh hinh thuc hién cho dén khi dat duge sy hai long cua bénh nhan thong
qua cac budi thir nghiém. Qua trinh ndy do d6 phu thudc vao hai yéu té cha quan:
kinh nghiém ciia chuyén gia va phan hdi cua bénh nhan [7]. Viéc thiét ké va san
Xuat mot 6 mém cut theo phwong phép truyén théng dua trén viéc s dung khuon
thach cao dé tao ra hinh dang cua chi con lai cia bénh nhan va sau dé 1a cac ky thuat

ché tao thi cong dé san xuat 6 mom cut. Phuong phap ndy mat nhiéu thoi gian va



lang phi vat liéu cling nhu doi hoi chuyén mén cao cua cac chuyén gia, din dén gia
thanh cua cic bo phan gia rit cao.

Ngay nay, véi su tién bo cua khoa hoc cdng nghé trong linh vuc y hoc, cac
san pham cong nghé cao da duoc wng dung dé nang cao chat lwong chan doén, diéu
tri va phong ngira bénh tat & con nguoi. Tan dung tiém ning d6i méi caa cdng nghé
in 3D va quét hinh 3D trong cac tién bo y té, viéc nghién ctru san xuit 6 mom cut
bang phuong phap k¥ thuat s ndy ngay cang duoc quan tdm. Viéc san xuat nhanh
chong cac 6 mom cut bang phuong phap in 3D cé thé cho phép rit ngan thoi gian
tir khi cit cut chi dén khi nhan bo phan gia dau tién [8] hoic nhan cac 6 mom cut da
duogc sira doi sau cac van dé lién quan dén o, diéu nay cd thé dan dén hiéu qua tot
hon [9] va han ché moi tiéu cuc anh hudéng cua viéc khdng sir dung 6 mém cut [10].
San xuat nhanh ciing c6 thé pht hgp dé quan Iy nhitng bénh nhan c6 thé tich phan
chan cut khdng 6n dinh, nhitng ngudi can phai sira d6i nhiéu 1an 6 mém cut [11].
Hon nita, chi phi cua may in 3D va vat lidu soi in 3D thap hon déng ké so véi chi
phi lién quan dén cac phuong phap san xuat thong thuong [12—14], khién ching tro

thanh lya chon kha thi dé str dung ¢ cac nudc dang phat trién [15, 16].
1.2. Trong nwéc

Tai Viét Nam, hon 7% dan s tir 2 tudi tro 16n - twong duong khoang 6,2 triéu
ngudi - 13 ngudi khuyét tat. Bén canh dé, 13% dan sb - twong duong gan 12 triéu
ngudi - sébng trong cac gia dinh c6 nguoi khuyét tat. Ty 16 nay du kién sé ting theo
xu huéng gia hoa dan sé [17]. Trong tong sb ngudi khuyét tat, khuyét tat van dong 1a
loai khuyét tat phd bién nhat (29,41%), bao gdm khuyét tat van dong chi dudi
(3.566.854 ngudi) va khuyét tat van dong chi trén (2.158.988 ngudi) [18]. Dé c6 duoc
chén tay gia thuc su pht hop, ngudi khuyét tat can c6 diéu kién kinh té dé co thé chi
tra cho nhu cau nay. Trong khi d6, hon 3/4 ho gia dinh c6 nguoi khuyét tit song &
néng thon [18] va theo chuin nghéo da chiéu (ttc 14 thiéu cac dich vu x3 hdi co ban),
ty 16 ngudi khuyét tat sdng trong ho nghéo da chiéu 1a 17,8% [18]. Nhu vay, ngudi

khuyét tat ¢ khu vuc nong thon, thudc ho nghéo 1a nhitng ddi tuong rat it duoc tiép



can véi céc thiét bi hd tro, trong do6 co6 cac thiét bi y té nhu chan tay gid. Thuc té ngay
nay 1a mot s6 luong dang ké nguoi nghéo bi khuyét tat van dong mong mudn ¢ duoc
chén tay gia, nhung van chua thé thuc hién duoc do kha ning chi tra cho cac thiét bi
hd trg ndy con han ché, va thuc té 1a hau hét cac thiét bi chan tay gia phu thudc chu
yéu vao cic nha tai trg. Nhimg nim gan day, nhiéu to chtrc nhan dao tir nudc ngoai
da hd tro 1ap dat chan tay gia cho ngudi khuyét tat tai Viét Nam. Khoang 10.000 chan
tay gia do Mercer on Mission tai tro d3 duogc lap dit cho ngudi khuyét tat, ude tinh
tir nim 2009 dén 2018 [19], hay An D6 hd tro lap chan tay gia mién phi cho nguoi
khuyét tat & Phi Yén [20].
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Hinh - Mercer on Mission tai trg chan gia

Tuy nhién, cic nha tai tro ciing chi dép tmg duoc mot phan rat nhé nhu ciu cua
ngudi khuyét tat, dan dén tinh trang nguoi khuyét tat phai tu ché tao cac cong cu hd
trg chan tay gia dé dap tmg nhu cau di lai hoic trong qua trinh lao dong. Nhitng dung

cu nay khong dat tiéu chuin va co thé gdy nguy hiém cho stc khoe cua chinh ho.



Tai Viét Nam hién nay cac nghién ciru vé thiét ké va ché tao chéan tay gia bang
cac phuong phap so rat han ché. Trong nghién ctru [1], tac gia di tng dung cac phan
mém CAD/CAM vao san xuat chan tay gia. Tuy nhién, nghién ctru nay chi dung lai
& mirc do thiét ké trén cac phan mém ma chua c6 cac mo phong kiém nghiém do bén,

tuong tac gitra 6 mom cut va mom cut.

2. Tinh cap thiét

Tai Viét Nam, theo théng ké hon 7% dén 6 2 tudi tré 1én - khoang hon 6,2 tri¢u
ngudi, 13 ngudi khuyét tat. D6i véi ngudi bénh, viée cat cut chi co thé anh hudng tiéu
cuc dén ca thé chat 14n tinh than. Chi gia 1a mot thiét bi ding bén ngoai duoc thiét ké
dé cai thién chét luong cudc sdng cho nhitng nguoi da ting bi cit cut chi. Tuy nhién,
v6i thue trang Viét Nam 13 quéc gia c6 mie thu nhép trung binh thap, nén sé luong
nguoi bénh c6 dugc mot thiét bi chan gid hién nay tai cac trung tdm hay bénh vién
chinh hinh chi chiém sb luong rét it, mot sé khac thi nhan dugc tir cac nha tai tro
trong va ngodi nudc, sb luong ndy van khong dang ké, con rat nhidu bénh nhén (dic
biét la cac vung ndng thon) van chua thé tiép can duoc su hd trg nay. Chinh vi vay,
tao ra mot thiét bj chan gia c6 gia thanh thip dap tng duoc nhu cau sé dong ngudi
khuyét chi dudi 1a mot viéc vo cung céip thiét dbi voi thuc trang Viét Nam hi¢n nay.
Trong do, b phan quan trong nhat cta thiét bi chan gid chinh la 6 mom cut, O mom
cut dong vai trd quan trong trong viéc két nbi phan chi cut va bo phén gia, cho phép
ngudi bénh khong chi chiu trong lugng ban than mot cach thoai mai ma con co thé

kiém soat chuyén dong cia bd phan gia.

3. Muc tiéu dé tai

Nghién ctru va dé xuat mot quy trinh cong nghé tao mau 6 moém cut chan gia
cho ngudi khuyét chi dudi dua vao cong nghé quét hinh 3D sir dung may quét 3D
cam tay két hop cong nghé in 3D va cac phan mém di kém hoan toan mién phi dé

giai quyét van dé vé chi phi, phu hop véi diéu kién kinh té & Viét Nam.



4. C4ch tiép can

- Nghién ctru céc tai li€u, cac bai bao da co, khéo sat, thiét bi sdn c6 & truong,
ngoai cac Doanh nghiép, vat tu thiét bi trén thi truong.

- Nghién ctru 1y thuyét ing dung.
5. Phwong phap nghién ciru

- Thiét ké.

- Tao mAau nhanh.

6. Poi twong va pham vi nghién ciru
6.1. Bdi tugng nghién ciru:
O moém cut cho nguoi khuyét chi dudi
6.2. Pham vi nghién curu:

Thiét ké va tao mau bang phuong phap k¥ thuét sb



CHUONG 1. TONG QUAN VE O MOM CUT

Trong chuong nay, tac gia s& trinh bay tong quan vé cac nghién ctru trong nude
va trén thé gidi vé cac van dé lién quan dén dé tai nghién ciru: (i) Gidi thiéu cac ching
loai 6 mom cut phan chi dudi dang dugc sir dung hién nay, (i) Cac nguyén tic thiét
ké 6 moém cut, (i11) G161 thi¢u cac vung chiu dugc va khong chiu dugc ap luc cua

mom cut phan chi duéi.
1.1 CAC CHUNG LOAI O MOM CUT

Cho dén nay, viéc luya chon thiét ké 6 mom cut néi chung van dua trén kinh
nghiém c4 nhan cua nguoi lam chan tay gid hon 1a dya trén dir liéu khach quan. Béac
si phuc hinh thuong xem xét cac dac diém chi con lai cua nguoi bi cut (kich thude,
tinh trang co bap...), 46 tudi cia bénh nhan va 16i séng dé udc tinh thiét ké 6 mom
cut phut hop. Hinh 1.1 cho thay thuat ngit vé cac mat giai phau dugc sir dung thuong

xuyén trong phan mo tad 6 mém cut.

Gan

Sau

Bén e —p  (Gllta

Trudc 1

Xa

Hinh 1.1 - Cac vi tri gic’iipthu khac nhau dwoc sw dung dé mé ta 6 mom cut



Tai lidu cho thdy rang tiéu chuan dau tién cho thiét ké 6 mom cuyt chi dudi,
duogc thye hién vao gitta thé ky 20, 1a 6 gin bé mit cu thé (Specific Surface Bearing
Sockets - SSBS) trong d6 tai trong chil yéu tac dung 1én cac ving cu thé cua chi cut
thudng duoc coi 1a chiu duoc ap luc [21]. Mot kiéu thiét ké dic biét ciia SSBS 13 6
gin gan banh ché (Patellar Tendon Bearing Sockets - PTBS), trong d6 tai trong chil
yéu tac dung 1én gan banh ché thich hop cho tai nén trude sau vi né dugce tao thanh
tir cac soi cuc ky chic chin va khong bi gidn dang ké dudi tai trong kéo. O PTBS
dugc dic trung boi mot tay ndm trong bén trén 16i cau xwong dui va dugc phat trién
thanh hai phién ban: 6 gan trén 18i cau (supracondylar sockets — PTBS.SC) va 6 gin
trén 10i cauw/trén xuwong banh ché (supracondylar/suprapatellar sockets -
PTBS.SCSP). Cai trude co6 thanh trong va thanh bén moé rdng bao phu hoan toan
16i cau xwong dui tir ca hai bén, v6i mép trude thap hon so véi phia trudc xuong banh
che, trong khi cai sau c6 thanh trudc moé rong hon bao pht hoan toan xuwong banh che.
Mot kiéu thiét ké khac trong dong SSBS 14 6 gan gan banh ché Kegel (PTKS), con
duogc goi 12 6 gan Kondylen-BeinMuenster (KBMS), noi bét véi cac canh & gitta mé
rong hon so voi cac loai truée d6. Ba cau hinh PTBS nay duoc hién thi trong hinh

1.2.

(a) (b) (c)

Hinh 1.2 — M@t bén va mdt trude cia cdc cau hinh khéc nhau cia thiét ké PTBS: PTBS.SC

(a), PTBS.SCSP (b), PTKS/KBMS (c). Miii tén mau dé biéu thi thanh xwong banh ché noi
tdi trong chii yéu tac dung 1én gan bdanh ché.

Han ché chinh cua thiét ké SSBS 1a viéc tac dong luc 1én cac vung cu thé cua
mom cut, din dén ving chiu tai cia giai phau tong thé bi giam (nham muc dich tranh
tai trong 1én cac ving nhay cam voi ap luc), tir d6 c6 thé giy loét va cac van dé vé da

khac. D6 14 1y do tai sao vao nhitng nim 80 cua thé ky 20, cac nha nghién ctru da gidi



thiéu cai goi la 6 cdm chiu luc téng bé mat (Total Surface Bearing Sockets - TSBS),
trong d6 tai trong duoc phan bd trén tong dién tich 6 mom cut [22]. Thiét ké nay nham
muc dich tranh ap luc cuc bo 16n trén bé mat mom cut va tdng cuong su thodi mai va
vira vin ciing cling nhu kha ning cam nhén tong thé.

Viéc lap thanh cong 6 TSBS doi hoi phai kiém soat tét cac mé mém, giam
thiéu dinh ap sudt va phan b tai trong trén dién tich bé mit t6i da c6 sin [23]. O
TSBS duoc biét 1a mang lai sy 6n dinh hon bang cach giam lyc pit tong nho tong tiép
xuc duge duy tri trong sudt chu ky dang di [24]. Chung dugc cho 12 thoai mai hon so
v6i 6 PTBS vi 4p suét tong thé ciia 6 mom cut giam [25]. Tuy nhién, nguoi bénh co
thé bi dau ¢ dau xa khi sir dung 6 TSBS do trong luong 6 cam mang toan bo chi dudi
[26]. Ngoai ra, nhitng bénh nhin c6 qua nhiéu mé mém c6 thé gip phai con dau nay.
O TSBS ciing khong thich hop cho nhitng ngudi cut chi c6 gai xwong, ciing khong
thich hop cho nhitng nguoi cut chi nguyén phat do thé tich thay ddi trong 12-18 thang
dau sau khi cit cut [26].

1.2 CAC NGUYEN TAC CHINH TRONG THIET KE O MOM CUT

Vé co ban, 6 mom cut dugc tao ra béng cach dinh hinh lai bé mit cia mom
cut dé tao thanh bé mit bén trong 6 gan nham mang lai sy phan bo ap lyc nhu mong
mudn trong qué trinh str dung thiét bi gia. Hai nguyén tic chinh hién dang ap dung
cho qua trinh tao hinh 13, tht nhét, néi 1ong 6 gin tai ving nhay cam véi ap luc cia
mom cut, noi can tranh tai qua muc, va thtr hai, siét chit no tai vung chiu ap luc cua
mom cut dé mang tai. Mac du cé nhiéu nd luc thiét 1ap céc tiéu chuén khach quan
dugc xac dinh 16 rang dé dinh lugng vi tri va s6 luong stra ddi can thyc hién, tuy
nhién qua trinh ndy van mang tinh chi quan dua trén wéc tinh ca nhan ctia bac si chan
tay gia c6 tay nghé cao.

O moém cut phai duoc thiét ké can than dé ap luc cta n6 lén phén moém cut
khong gy ra tinh trang khong tbt cho strc khoe va dac biét 1a phii né. Mot trong nhirng
nguyén nhan gy pht né 1a do mat can bang trong qué trinh trao ddi chét dinh dudng
va cac phan tir khac giita mau va té bao cia m6 mém. Viéc deo chin gia ¢ thé tao ra

cac y€u t6 co hoc dan dén sy mat can bang do nhi€u nguyén nhan, chang han nhu n6
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{rc ché hoat dong binh thuong ctia co bép, hay 1a tao ap luc tap trung & mot khu vuc
6 thé gay phu né & khu vuc tai cuéi mom cut, hodc han ché hé théng tuan hoan tinh
mach hodc bach huyét & ap suét thap. Pé tranh nhitng yéu t6 niy ciing nhu nhitng yéu
t6 khac co6 thé gay phu né, can dap tmg cac diéu kién sau & bat ky 6 mom cut nao:
> Tranh tao cac 16 hodc cac khoang trong trén 6 mom cut dé loai bo ap suat
nguoc bén ngoai khéi mot khu vuc cuc bg. Toan bd mom cut phai duoc quén sao
cho c6 it nhat mot ap luc nhe 1én mé mém khi st dung chén gia.
> Tranh su két hop giita khdp chit ¢ phan gan nhat cua 6 gan va khép long &
phén xa vi ¢ thé gay han ché hé théng tinh mach va bach huyét, dan dén nhiéu

truong hop gay phu né.
> Pam bao cac vét 1dm mém mai va tranh chuyén doi dot ngot gitta viing chat va

ving 16ng. B& mit nhén tao ra 4p luc bén ngoai nhe nhang 1én mé gitp hd tro co
g long p g g gup

hoc dé dwa mau trd lai hé théng tinh mach.

1.3 VUNG CHIU AP LUC VA NHAY CAM VOI AP LUC CUA MOM

CUT PHAN DUOI GOI

Miic du phan 16n cac viing mom cut duoc coi 1a ¢6 kha ning chiu ap luc, nhung
mdt s6 vung lai rat nhay cam va khong thé chju duoc bt ky ap luc nao, dac biét la
tai cac ving xwong nho ra. Cac khu vuc nay duoc minh hoa trong hinh 2.3 cho 6 mém

cut dudi got
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Hinh 1.3 - Vang nhay cam voi dap luc va chiu dp lyc cua mom cut dudi goi

Mau xanh — Céc vung chiu dugc ap luc

Mau dé - Céc vung nhay cdm véi ap luc

11. Céc vung trén 16i cau

12. Vung trén xuong banh che

13. Gan xuong banh che

14. Vung nho phia trong xuong
chay

15. Vung nho phia bén xuong chay

16. Vung nho phia bén xuong méc

17. Vung phia sau

18. Vung kheo

1. Xuong banh che
2. Ldi cau xuong chay bén
3. Méu 16i xuwong chay

4. Mao xuong chay

5. Pau xa trudc xwong chay
6. Pau xuong méc

7. Pau xa xwong mac

8. Pau xa mom cut

9. Lo6i cau xuong duii trong
10.L.6i cAu xwong dui bén

beé thiét ké mot 6 mom cut vira van, di€u quan trong 1a phai xac dinh cac khu

vuc nay cho ting ngudi cut chi, vi c6 su khac biét gitra cdc cd nhan ve lugng ap luc

chiu dung duogc ddi véi tung khu vuc, cling nhu nhitng khac biét khac lién quan dén

ddc diém cy thé cua tirng mém cut, chiang han nhu vét thuong hoic nhiém tring da

cuc bd dugc thém vao cac khu vuc nhay cam véi ap luc.




12

CHUONG 2. CAC QUY TRINH THIET KE VA CHE TAO
O MOM CUT HIEN NAY

2.1. QUY TRINH THIET KE VA CHE TAO O MOM CUT BANG

PHUONG PHAP TRUYEN THONG

(©) (d)
Hinh 2.1 — Phurong phdp thiét ké va ché tao 6 mom cut bang phwong phdp truyén thong
[28]

a) Po mom cut; b) S dung cac miéng thach cao dé tao khudn am; ¢) Hiéu chinh khudn
am trueéce khi tao khuén dicong; d) Piéu chinh khuén dwong cho phit hop Véi kich thudéc cia
mém cut.

Phuong phap san xuit 6 mom cut truyén théng 1a mot quy trinh tha cong va
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t6n nhiéu thoi gian. Bac si phuc hinh s& t6i vu hoa hinh dang 6 mom cut dé dam bao
su vira vin thoai mai va an toan cho bénh [27]. Quy trinh nay c6 thé mat vai tudn va
phu thudc rat nhidu vao kién thirc va kinh nghiém c4 nhan ctia ngudi 1am chan tay gia
nhu duoc thé hién trong hinh 2.1.

Cic budc ciia quy trinh thiét ké va ché tao 6 mém cut bang phwong phap
truyén théng:
Buwdc 1. Lua chon [0p [0t va tao khuon am

Sau khi tiép nhan bénh nhan, qua trinh bat dau bang viéc chon 16p 16t thich
hop. Bac siphuc hinh s€ do chu vi ¢ gitta médm cut dé Iya chon kich thudc 16p 16t cho
pht hop (hinh 2.2a). Sau d6, bénh nhan duoc yéu cau deo 16p 16t di chon dé danh gia

do dai cua né va cat bé phan thura.

(c) (d)

Hinh 2.2 - Lwa chon [op [0t va tao khuoén am

Sau do, bac si st dung phuong phap so nan dé ki€ém tra mom cut va kiém tra
cau tric cua nd: so lugng co, md va phan xuong nho ra. Tiép theo, bac si quan mom
cut bang 16p boc PVA va danh dau nhirng khu vuc quan trong.

Trong khi d6, nguoi trg Iy chuan bi hdn hop thach cao. Sau khi dé sén sang,
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béc si s& bat dau trat thach cao 1én toan bd mom cut dé tao khudn am (hinh 2.2 b). Co
thé tac dong ap luc 1én mot s6 khu vuc cua vat dac dé tao ra nhirng thay ddi co ban
cho bé mit mom cut. Dé thach cao trong vai phut cho du ctng trude khi 13y ra bang
16p boc PVA, sau d6 né dugce bao quan & noi an toan trong vai ngdy dé cimg hoan
toan va sin sang cho budc tiép theo.
Budc 2. Tao khuon duwong

Hon hop thach cao dugc chuan bi sén rdi db vao bén trong khuon am (hinh
2.3e). Ti PVA bao phil bé mit bén trong cia khudn am sau nay s& dong vai tro 1a

chat tach khudn ngan khong cho thach cao d6 vao lién két v6i khuon am.

(f)

Hinh 2.3 - Tao khuon duwong

Muoi phut sau, 16p thach cao tré nén du cung va khudén am dugc loai bo va
phd huy. Do do, khuén duong sé dugc hinh thanh va gitt ¢ noi an toan trong vai ngay
cho dén khi kho.

Buéc 3. Sira doi khudn dwong

O budc nay, md hinh khuén dwong duoc chinh sira lai theo cach tha cong dé
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dinh hinh bé mit bén trong ctia 6 gin theo cach s& mang lai su phan bo ap luc du kién
trén bé mit twong tac gitta 6 va moém cut trong qua trinh str dung bo phan gia. Nhu
duge mé ta trong muc 1.3, nhitng stra d6i nay bao gdm viéc siét chat 6 gin trong cac
vung chiu ap lyc, dugc thuc hi¢n b%lng cach loai bo thach cao tai cac vung lién quan
cua khuon duong va néi long R grfm tai cac khu vuc nhay cam véi ap luc, duoc thuc

hién bang cach thém mot s 16p thach cao (hinh 2.4h).

(h)

Hinh 2.4 - Sira doi khuén dirong

Cubi cung, bac si phuc hinh s€ loai bo vai mm thach cao khéi téng thé khuon
duong dé tao ra su tiép xtic hoan toan giita 6 gan va mom cut. Luu ¥ rang tat ca cac
stra d6i duoc ap dung déu 1a thi cong va s6 luong thio/bd sung duogc béc si phuc hinh
udc tinh dya trén kinh nghi¢m va truc giac cua ho. Khuon da stra ddi duoc giltt mot
l4n nita ¢ noi an toan trong vai ngay dé 16p thach cao dugc thém vao sé& kho hoan
toan.

Buéc 4: Lam mong 6 mom cut

bay 1a budce tao than o gén. Khuon di stra doi duge cd dinh theo chiéu doc

trén mot ban kep voi dau xa huodng 1én trén va dugc boc bz‘ing tai PVA trudc bude lam

mong dé tach khuon thach cao va than 6 gan. Bat ky phu kién nao can c6 trong 6 cam
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déu duoc thém vao trong budc nay.

(1 (m)

Hinh 2.5 - Lam mong 6 mém cut

O gin dugc tao ra tir vai dét peclon (soi polyamit) 1am 16p gia ¢b va nhua resin
acrylic. Bac sT phyc hinh bét ddu boc nhiéu 16p vai peclon dé tao d6 day cho 6 gén.
L&p PVA ngoai ciing cudi cung dugce st dung dé boc toan bo hé théng. Lép PVA nay
duge 1am 4m béng mot vai giot nude dé tao d6 déo. Mot may bom chan khong dugc
st dung dé tao ap suit 4m bén trong 16p PVA déo nham giir né kin trong khi hdn hop
nhua va chat 1am cing duoc d6 vao bén trong. Nho 4p suat am khong ddi do bom
chan khéng tao ra, hdn hop s& dugc toan bo 16p vai dét peclon hap thu. Hon hop nay
bat dau phan tng toa nhiét dé tao thanh phan than cing ca 6 gan. Hé théng duoc gitr
trong 2 ngay dé hoan thanh phan tng. Phan Gng nay c6 thé duogc ting tdc bang cach
st dung nhiét tir sing nhiét.
Buéc 5: Cdc bude cudi ciing

Khuon thach cao duong dugc boc bang nhya cimg bay gid da dugc san xuat.
Bac si phuc hinh s& 14y san pham ra khoi ban kep, cdt né tir phia gan va loai bo 16p

thach cao tir bén trong. Nhu vay, bay gio dd c6 duoc than 6 gan.
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Vanh gan cua 6 gan dugc bac si phuc hinh danh dau thu cong, sau do cat bang
cua dé tao thanh canh 6 gan, sau d6 dugc lam nhan cung véi bé mat 6 bang may cha

nham.

.g
P 4
(0) (p)

Hinh 2.6 - Cdc buéc cudi cing

Buwdc 6: Thu nghiém

O gin di chudn bi ¢ phan trude duge lap rap voi cac bo phan gia khac (Ong
try, ban chan gia va phu kién) dé kiém tra va kiém tra xem n6 c6 pht hgp v6i mong
doi cuia bénh nhan hay khong. Hai loai thtr nghiém thuong duogc thuc hién dé danh
gia 6 gan duoc ché tao: thir nghiém tinh (trang thai dimg )va thir nghiém dong (di lai
trong khi deo thiét bi). Bat ky sy dau don hoac kho chiu nao ma bénh nhan cam thay
déu duoc bao cao bé“mg 161 n61. Theo phan hdi cta bénh nhén, bac si phuc hinh s€ uéc
tinh nhitng bién phap khic phuc can ap dung. P6i khi, sy kho chiu co thé duoc giai
quyét don gian bang cach hiéu chinh d6 thing hang cua 6 cdm voi dng tru, nhung
trong hau hét cac trudng hop, viéc nay yéu cau cac chinh sira hinh hoc s& dugc ap
dung trong mdgt phién riéng biét.
Buwéc 7: Chinh sira 6 cam

Hinh dang 6 gin duoc chinh stra trong phién hién tai dua trén phan hdi bang
101 n6i ctia bénh nhan trong phién trude. Cac bién phap khic phuc dugc ap dung cd
thé bao gdm diéu chinh vanh 6 gan, str dung nhiét bang sting nhiét dé 1am mém 6 gan
va dinh hinh lai bé mit ctia n6 hodc thém cac miéng dém day bén trong 6 gan.

Mot phién thtr nghiém bod sung s€ thuc hi¢n theo budc chinh stra dé xac thuc

cac sua doi dugc ap dung dua trén phan hoi ciia bénh nhan moét 1an nira. C6 thé can
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phai thyc hién quy trinh kiém tra khic phuc lap di lip lai cho dén khi dat dugc sy hai
long cua bénh nhan.

Hién tai, c6 mot sé hé théng CAD thuong mai duoc st dung dé thiét ké 6
mom cut hd trg mot sé bude cua quy trinh san xuat truyén théng. Ho khai thac may
quét laser 3D dit tién dé thu duoc md hinh 3D ciia mém cut, mo hinh nay duoc sir
dung trong phan mém CAD dé xac dinh mé hinh 4o ban dau cua 6 mom cut. Sau
d6, mé hinh 40 ¢6 thé dugc stra d6i dé nang cao su vira van va thoai méi caa 6 mom
cut [28, 29]. Tiép theo, dya trén moé hinh mom cut gia da duoc chuan bi san (hinh
2.7), tién hanh ché tao 6 mom cut véi vat liéu nhya trong suét dé gidp cho céc ky
thuat vién quan sét trang thai bén trong khi ngudi bénh mang chan gia vao, diéu nay
la yéu té quyét dinh gilp k¥ thuat vién sau d6 s& ché tao cho ngudi bénh 6 mom cut
vira vin, va chac chan rang 6 mom cut sé tiép xuc déu véi thanh 6 mom cut, loai bo
hoan toan cam giac dau do bi ti dé khong déu. Vi cong doan hoan thién san pham,
phan 6 mom cut chinh thirc dugc duc bang nhya resin véi cac vat liéu ting cudng
nhu soi cacbon, soi thiy tinh, soi nylon,... gilp tao do cing vitng va bén. Chi phi
cao cua cac giai phap nay khdng khuyén khich cac phong thi nghiém chinh hinh nho
khong c6 nhiéu kinh phi dau tu vao cic cong nghé nay. Hon nita, viéc sir dung cac
hé théng nay doi hoi cac k¥ nang dac biét trong thiét ké CAD, k¥ ning nay khong
thudc vé ky thuat vién chinh hinh. Trén thuc té, ho thiét ké 6 mom cut bang kién

thire da tich lily duoc qua nhiéu nam kinh nghiém.

Hinh 2.7 — Tao 6 mém cut véi swe hé tro ciia CAD trong phwong phdp truyén thong
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2.2. QUY TRINH THIET KE VA CHE TAO O MOM CUT BANG

PHUONG PHAP KY THUAT SO

2.2.1 M6 hinh héa 3D phan mém cut

M6 hinh héa 3D phan chi cut bang phuong phap quét 3D 1a mot budc quan
trong trong phuong phap thiét ké bo phan gia ki thuat sd, vi thiét ké 6 mom cut phu
thuc rat nhiéu vao cac thdng s riéng cuaa chi cut, bao gém ca hinh dang hinh hoc
caa no.

Nhing tién bo gan ddy trong cong nghé quét quang hoc, nhiéu chang loai
may quét laser cam tay di duogc nhiéu tac gia sir dung va nghién ciru trong ting dung
phuc hinh [30-36] (Bang 2.1).

Bang 2.1 — Céc chung loai may quét 3D da dugc cdc nhom tac gia sir dung

Chung loai may quét , Nhom nghién ctru st
. Noi san xuat
3D cam tay dung
The Ohio Willow Wood Wernke va cac dong
OMEGA scanner
Company, USA nghiép (2016) [30]

Seminati va cac dong

nghiép (2017) [31]

Artec Eva scanner Artec 3D, Luxembourg
K. Raz va cic dong
nghiép (2022) [32]
Seminati va cac dong
Romer scanner Hexagon, UK

nghiép [31]

Lenka va dong nghiép
(2011) [33]

COMET 250 scanner Zeiss, USA

EinScan 3D Pro Stelt va cac dong nghiép

Shining 3D, China
scanner (2021) [34]



https://en.wikipedia.org/wiki/Luxembourg
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Gorski va cac dong
nghiép (2021) [35]

Céc thiét bi gia ré nhu cam bién Microsoft Kinect cling dugc sir dung dé tao mé
hinh 3D cuia phan moém cut [28, 37-39]. Mot phuong phap dugce dé xuit khac 1a sir
dung mQt camera ¢ dinh dé ghi lai hinh anh mom cut cia bénh nhan dugc dat trong
ban xoay, tiép theo xtr Iy hinh anh dé tao ra mé hinh 3D mém cut tir cac khung hinh
da chup [40]. Ngoai ra, mot phwong phap sir dung k¥ thuat chup anh & cu ly gan dé
thu dugc anh toan dién cua tit ca cac mat cia mom cut, sau d6 duoc nhap vao phﬁn
mém ghép dé tao mo hinh 3D ctia mém cut [41].

Trong khi quét 3D chi cung cép dit liéu hinh hoc bé mit bén ngoai ciia mém cut,
nhiéu tac gia khac cho rang can phai quét toan bo thé tich ctia mom cut dé nim duogc
cac chi tiét giai phau bén trong ciia n6. Pidu nay di dat dugc bang cach sir dung ky
thuat Chup cong huong y té (MRI) [42-48] hoic k¥ thuat chup cit 16p (CT) [36, 47,
48]. Ngoai ra, hinh anh y té ciing dugc két hop véi cong nghé quét hinh hoc quang
hoc dé co hinh dang 3D chinh x4c hon véi cac chi tiét giai phau [49]. Giai phap hinh
anh y té cho phép thu thap thong tin chi tiét lién quan dén hinh hoc co xuwong khdp.
Tuy nhién, nhugc diém chinh cua né 1a gia thanh cao, khién ching khong thuan loi
khi duge tich hop vao mot quy trinh thiét ké va ché tao chén tay gia hoan chinh vai
chi phi thip. Mot nhugc diém khac 13 nguy co co thé con ngudi tiép xuc véi bic xa
bang phuong phap CT [50]. M6t giai phéap thay thé chi phi thap va an toan dé quét
thé tich chi tiét 1a k§ thuat hinh anh siéu 4m [51, 52]. Cach tiép can nay thuong bao
g6m mdt bo phat va thu siéu 4m quay dong thoi di chuyén theo truc thang dimg. Tuy
nhién, quy trinh quét bang k¥ thuét nay twong ddi dai va mat vai phat dé hoan thanh,
c6 thé lién quan dén cir dong chan tay khong chii y hodc co co trong qua trinh quét.
Tinh ning bu chuyén dong duwa trén méy anh di duoc dé xut nhu mot giai phap cho

van dé nay [52-55].
2.2.2 M6 hinh héa 3D 6 mém cut

Nhiéu nha nghién ctru nd lyc phat trién cac cong cu CAD dé thiét ké mo hinh

3D ctia 6 mém cut. Nhin chung, phuong phap mé hinh hoa dra trén cac quy tic thiét
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ké ctia phuong phép thong thudng, trong d6 6 cim duoc ndi 1ong & nhitng ving nhay
cam véi ap lyc va dugc siét chat ¢ nhitng ving chiu ap luc. Nhiéu ngudi van dang
thuc hién viéc ndy mot cach thu cong thay vi sir dung phan mém CAD thuong mai
[56-58] hodc bang cach trién khai cac cong cu chuyén dung cho tng dung nay [59,
60]. Viéc su dung céc phﬁn mém CAD thuong mai dé hd tro trong vi¢c thiét ké 6
mom cut di dan trd nén phd bién, co thé ké dén cac cong cu thiét ké ndi tiéng nhur
Creo (PTC Ltd., Boston, MA, USA) [48], SolidWorks (Corporation, MA, USA) [36,
61], Fusion 360 (Autodesk, USA) [62], V.V...

e w s N

@il

(a) (b) (c)

Hinh 2.8 - (a) M6 hinh 3D ciia mom cut, (b) két qua chinh siva va (c) mé hinh 3D cudi

cung ciia 6 mom cut dwoe xir Iy trong Autodesk Meshmixer [41]

Bén canh d6, mot phan mém hd trg thiét ké mién phi dang duoc rat nhiéu tac
gia quan tdm sir dung hién nay d6 1a Meshmixer (Autodesk, USA) [34, 41, 61]. Bang
cach sir dung céac cong cu thiét ké trong Meshmixer c6 thé tao ra mé hinh 6 mém cut
¢ tham chiéu dén mé hinh 3D cua chi cut (hinh 2.8). Sau d6, 6 mém cut da duoc sira
dbi thi cong trong moi trudng CAD dé c6 thém khong gian & phan dé cua san pham
va pht hop vdi co ché gan véi phan con lai ciia chan gia [63]. Phuong phap CAD vén
mang tinh thu cong va dya trén danh gia chu quan cling nhu chuyén mon cé nhan cia
chuyén gia. DPoi khi, nhitng céng cu nay duoc hd tro bang cac két qua mo phong dua

trén phuong phap phan tir hitu han dudi dang phan hdi sé [38, 56, 64]. Cac mo phong
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bang phuong phap phan tir hitu han doi hoi chi phi tinh toan cao va mét nhiéu thoi
gian dé thuc hién nén tinh thuc té cia giai phap nay va thoi gian thiét ké thuong khong

duoc bao cao.

Thoi gian gin day, cac phuong phéap thiét ké 6 mom cut tu dong da dugc dé
XUAt va nghién clru béng cach sur dung mbi quan h¢ dugc xac dinh trudce gitra dir liéu
hinh hoc 6 mém cut va cc thong s6 cu thé cua bénh nhan nhu trong luong, 161 séng,
murc do sdn chic ciia mém cut [65] hoac béng cach su dung cac 6 mom cut duoc ché
tao trudc d6 lam ho so dir liéu da dugc bu dinh luong dya trén kinh nghiém thiét ké
ctia cac bac si chinh hinh [66]. Mot nghién ctru cung cap dit liéu tham sb hoa cua thiét
ké 6 mém cut la cong trinh dugc thuc hién vao nam 2019 bdi Steer va cac déng nghi¢p
[67], tai ddy md hinh dudi dang thdng ké duoc ap dung dé uée tinh hinh dang 6 mom
cut cling nhu Gng suét tiép xtc giita 6 mom cut Va chi cut (dua trén hé thong may hoc)
ma khong phai thuc hién mé phong bing phuong phap phan tir hiru han, va sau d6
thuat toan di truyén dugc ap dung dé dua ra cac giai phap kha thi [68]. Tuy nhién,
viéc lua chon giai phap cudi cting phai dugc thyc hién bai chuyén gia ma khong phai
truy cap vao céc sira doi cuc bo khi can thiét. Piéu luu y & day 1a mo hinh dudi dang
thdng ké cung cap tham sd hoa ctia hinh dang tong thé dugc wdc tinh tir hd so dir liéu
may hoc, tir d6 tranh duoc cac thiét ké c6 murc do tuy chinh cao c6 tinh dén cac dic

diém riéng cua tirng 6 mém cut, vi du nhu ton thuong va d nhay cam cuc bo trén da.

2.2.3 M6 phéng twong tic giita 6 mém cut va chi cut

Viéc mo phong su twong tic gitra 6 mom cut va mom cut ¢6 thé ning cao tinh
nang ciia 6 moém cut duoc thiét ké 3D [69]. Piéu nay bao gdm viéc mo phong sy
tuong tac tinh (tc 13 tu thé dung) hodc dong (tirc 1a chu ky dang di) giira hé thong
mom cut va 6 dé du doan sy phan bo tai trong dudi dang ap luc va Gmg suat cit tai bé
mit tiép xtc gitta moém cut va 6 trong qua trinh st dung chan gia va dé danh gia kha
nang deo ciia 6 bang cach xac minh sy hién dién ctia cac vét cat nguy hiém cé thé gay
bién dang mo 16n trong giai doan deo [69]. Nhitng két qua ndy s& cung cAp mot cach

khach quan dé danh gia thiét ké 6 mom cut, tir d6 toi ru héa hinh dang ciia 6. Thong
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thudng, cic mo phong tuong tic bang phan tir hitu han (FE) duoc st dung trong linh
vuc ndy thong qua cac phan mém phan tich manh mé nhu ANSYS (M¥) [33, 48, 61]
hay ABAQUS (Phép) [47, 63, 70]. Phuong phép FE duoc xac dinh 1a mot phuong
phap tiém ning dé du doan va danh gid sy truyén tai gitta mom cut va 6. N6 cho phép
kiém tra ung suat trén toan bod phén chi con lai bao g?)m ca bé mit va cdc md bén

trong, dong thoi du doan trude sy truyén tai trude khi ché tao.

.
(a) : ) 0.000

(b)
Hinh 2.9 - Phén bé ing sudt trén bé mdt mém cut: (a) Khi bénh nhén ¢ tw thé dimg yén
[37]; (b) Khi bénh nhdn di chuyén [38]

Nhiéu tac gia trong nhitng thap ky qua di nghién ctru phuong phap FE dé mo
phong ca treong hop mém cut dudi gdi [71] va mom cut trén gbi [72, 73]. Néi chung,
phan tich phan tir hitu han bao gém hai budc riéng biét. Budc dau tién mo phong phan
chi con lai duoc gén vao 6 mém cut dé thu duoc ung suit tiép xuc so bd gitra hai ddi
tuong va budc thir hai thuc hién tac dung mot s tai trong 1én b. Trong mot sb nghién
ctru, luc tac dung ndy bang mot nira trong luong ctia bénh nhian mé phong trang thai
tinh khi dung [37, 50, 68, 74, 75], trong khi ¢ cac nghién ctru khac, né 1a lyc dong
moO phong tai trong tac dung trong chu ky dang di [38, 76].

Viéc mo hinh hoa h¢ thong mom cut va 6 khong phai 1a mdt nhi¢m vu don gian
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vi ¢6 nhiéu diéu kién quan trong can dugce xem xét, chrfmg han nhu dic tinh dan hoi
phi tuyén tinh cia mé mém moém cut ciing nhu cc diéu kién tiép xuc ctng do hinh
dang khong déu cua bé mit mom cut. Tay chan ciia con ngudi khong phai 1a mot vat
thé don gian, c6 giai phau rat phuc tap, bao gdm nhiéu chét liéu khong dong nhit nhu
16p ha bi, cdc mo mém bao gém md va co, xuong, gan, day than kinh va mach mau...
va mdi phan lai c6 tinh chat vét Iy va co sinh hoc phirc tap. Mot sb nha nghién ctu
d3 mo hinh hoa toan bo thé tich ciia mé mém mom cut (khéng bao gdm xuwong) nhur
mot vat liéu bién dang déo phi tuyén tinh déng nhét [77] hoac vat liéu dan hoi nhét
phi tuyén tinh [78], trong khi d6 mot s6 nha nghién cru di phat trién mot mo hinh chi
tiét dya trén trén dit lidu quét hinh anh MRI [79]. Hau hét cac nghién ctiru FE don
gian hoa cac mo mém & mom cut nhu mot vat liéu dan hoi tuyén tinh déng nhét [33,
47,48, 61,63,70,71,75, 80]. Colombo va cac cong su [81] da xac nhan viéc s dung
mo hinh tuyén tinh don gian hoa béi thuc té 13 nd cho két qua twong tu so voi mo
hinh siéu déo v&i thé ning bién dang dugc biéu thi bang da thirc bac hai, nhung thoi

gian tinh todn cua n6 nhanh hon 400%.

2.2.4 Tao mau

Hién nay, linh vuc chan tay gia chimg kién viéc nghién ciru va str dung céc
cong nghé san xuat dap 16p (Additive Manufacturing-AM) ciing dugc goi 14 in 3D dé
tao mau nhanh véi chi phi thap. In 3D d3 trd thanh giai phap duogc str dung rong rai
dé san xuat 6 moém cut voi su tro giup tir may tinh do cac nha nghién ctru va trung
tdm chinh hinh dé xuat. Rogers va C4c cong su [82] di cung cap cac danh gia chi tiét
vé in 3D 6 mom cut trude nim 2007 va da tich hop cong nghé 6 mom cut twong thich
trong mot thir nghiém dé do tng suat tiép xtic. Mot danh gia khac da duogc thuc hién

bai Chen va cac dong nghiép [83] vao nim 2015 trong bdi canh tuong tu.

Céc nghién ctru tai liéu ching minh rang phuong phap phd bién nhit duoc st
dung dé in 3D chan tay gia 1a mé hinh ling dong hop nhat (FDM) nho vao do bén
ctia vat liéu ma no co thé tao ra [84]. Twr do, cong nghé in FDM da tr¢ thanh cong cu

duoc yéu thich doi voi nhiéu nha nghién ciru tng dung dé tién hanh tao mau 6 mém
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cut trong nhitng ndm gan day [34, 35, 41, 61, 63, 85] (Bang 2.2). Tuy nhién, cic 6 mom
cut in 3D van con yéu va tuong ddi d& v, diéu nay khién chung khong dugce coi 13
san pham cudi cung sin sang st dung, d6 1a 1y do tai sao ching thuong dugc st dung
1am nguyén mau trong cac thir nghiém lip so bo v6i bénh nhan [86]. Dé giai quyét
van dé vé d6 bén cua cac bd phan in 3D, mot sb6 nha nghién ctru da phu chung béng
mot 16p nhuya gia ¢b [87, 88]. Thiéu két laser chon loc (SLS) 1a mot cong nghé in 3D
khac dugc stir dung trong ché tao 6 mom cut [82, 89]. Trong khi cong nghé SLS cung
cAp san pham chinh x4c hon va san xuat nhanh hon, thi n6 lai dit hon cong nghé

FDM.

(@) (b)
Hinh 2.10 - (@) O mém cut dwoc in bang phwong phap FDM [34]; (b) O mém cut duwoc

in bang phirong phdp SLS [82]

Bang 2.2 — Céc chung loai may in 3D da dugc cadc nhdm tac gia st dung

Loai may ) .
Xuat xur Vit li¢u in Thong so in Nhom tac gia
in 3D
Ultimaker BV, - L1 in 0,8mm; Stelt va céac
Ultimaker Nhya PLA o .
Geldermalsen, - Ty 1€ lap day 100%; dong nghiép
S5 cung

Ha Lan - b6 day 16p 0,2mm; [34]




- Téc d6 in 45 mm/s.

Flashforge3D
FlashForge  technology - Nhiét d dun: 220°C; Gorski va cac
Nhya PLA . .
Creator Co.,LTD, - Nhiét ¢ nén: 50°C; dong nghiép
cung .
Pro Jinhua, Trung - Toc do dun: 60 mm/s [35]
Quéc
Flashforge3D
FlashForge technology - Nhiét @6 dun: 235 C; Gorski va cac
Nhya TPE . .
Creator Co., . - Nhiét do nén: 60 °C; dong nghiép
dan hoi )
Pro LTD, Jinhua, - Toc d6 dun: 40 mm/s. [35]
Trung Qudc
- Puong kinh dau phun
0,4mm;
Karya3D, - b6 day 16p 0,2 mm; Ismail va cac
Circular Nhya PLA o .
Semarang, - Ty 1€ 1ap day 100%; dong nghiép
3D printer cung .
Indonesia - Toc d6 in 60 mm/s; [41]
- Nhiét do dau phun 210°C
- Khong c¢6 dé nhiét
- Puong kinh dau phun
1,75 mm;
- Duong kinh 161 in
Nhua ABS
khoang Gubbala va
(Acrylonitrile .
- - 1,75+0,1 mm; dong nghiép
Butadiene
- bo day 16p tr 0,1-0,5 [61]
Styrene)

mm;
- Nhiét d6 dun tdi da

230°C
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- Puong kinh 16 dau phun

Imm;
o Marinopoulos
Raise3D Nhya PLA - Ty 1€ lap day 100%; .
Raise3D, My va cac dong
Pro2 cung - b6 day 16p 0,2mm;

nghi¢p [63]
- Nhiét do dun: 210°C;

- Nhiét d6 nén: 60°C

- Puong kinh 16 dau phun

0,4mm;
Plesec va cac
Creality  Creality, Trung  Nhua Bio- - D¢ day 16p 0,2mm,; .
dong nghiép

[85]

CR-10 S4 Qubc PLA - Téc @6 in 55mm/s;
- Nhiét d6 dun: 210°C;
- Nhiét do nén: 55°C

In 3D 13 k¥ thuat san xuét c6 sy hd trg cia may tinh (CAM) dugc sir dung rong
rdi dé hién thuc hoa 6 mom cut duge thiét ké béng s6. Mot trong nhiing loi ich ctia
n6 14 né cho phép bd sung thém cac thay doi vé thiét ké cho 6 mom cut ching han
nhu cac duong dan 1am mat dé mang lai cam giac dé chiu cho bénh nhan [90]. Mot
loi ich khac cta céng nghé nay chinh 14 pham vi lua chon vt liéu, b4o céo thé hién
dugc nhiéu dic tinh va tinh chat vat liéu khac nhau [33]. Trong tai liéu [29], cac tac
gid da thao luan vé két qua cua cac thi nghiém dugc thuc hi¢n trén mot loat 6 moém
cut dugc ché tao riéng cho chi trén, duoc san xuat thong qua k¥ thuat san xuat dip
16p str dung nhya nhiét déo. Nhirng 6 cdm nay duoc thiét ké tu dong dya trén ban
quét 3D chan tay cia mot bénh nhan ba tudi. Muc tiéu chinh ciia nghién ciru nay la
so sanh cac 6 cdm duoc ché tao tir hai vat liéu khac nhau: PLA cung va TPE dan hoi.
Hai thiét ké 6 mom cut riéng bi¢t co hé théng lép dat khac nhau da dugc phat trién dé
danh gia. Nghién ciru nay nham muc dich phat trién quy trinh in 3D déng tin cdy va
hiéu qua vé mat chi phi cho cic 6 mém cut sir dung cong nghé FDM. Céc tac gia da
thir nghiém céc cai dat thong s6 in khac nhau dé tao 6 mom cut va danh gia ching

dya trén mot s6 yéu to. Nhitng yéu t6 ndy bao gom mirc do dé dang dé san xuat 6
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mom cut mdt cach nhat quéan (d¢ 6n dinh ctia quy trinh), mtrc d§ vira van ctia chung

vo1 nguodi deo, mic do hai long ctia nguoi dung, do bén va d§ min bé mat.

2.2.5 Po twong tac giira chi cut va 6 mém cut

Viéc xéc dinh ap luc thuc té trén bé mat tiép xuc gitta mém cut va 6 moém cut
trong qua trinh st dung chén gia gitp dua ra danh gia khach quan sau khi ché tao 6.
Sy phéan bd ap lyc khong phu hop ¢ thé gay ra nhiéu kho chiu va ap luc cuc bo 16n
tac dong 1én da trong thoi gian dai ¢ thé giy ra cac van dé vé da. Vi mdi quan hé
gitra ap lyc va sy kho chiu tuy thudc vao trong lugng, strc chiu dung, do truong luc
co con lai va 16i sdng ciia d6i twong, cho nén viée xac dinh cac gia tri ngudng ap luc
c6 thé 1a bude dau tién dé giam b6t sy kho chiu tiém an [65]. Tir d6, nhiéu nha nghién
clru di c6 gang do cac ngudng nay [91, 92], tuy nhién, cac gia tri ngudng tiéu chuan
van chua c6 san, dic biét vi chung phu thudc dang ké vao cac dic diém riéng cua

bénh nhan va tinh trang ctia no.
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Hinh 2.11 - K5 thudt ldp cam bién [93]: (a) Cam bién gdn trén tiwong 6 mom cut thong qua
mét 16 khoan va éng tru dé tiép xiic triee tiép véi da mom cut; (b) Ky thudt ldp twong tw véi
mét diém khdc biét nhé la ong tru ngang bang véi bé mdt 6 mom cut bén trong va khéng

xuyén qua lop lot; (c) Cam bién dwoc lap vao gitta 6 mom cut va mom cut; (d) Cam bién gan

trong twong 6 mom cut
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Nhiéu loai bd chuyén ddi luc da duoc phat trién dé 1ap so d6 phan bd ap suat
sau khi thiét ké 6 cim nham danh gia va cdi thién do vira van va thoai mai cia 6 mom
cut [94]. M6t trong nhitng thach thirc chinh 13 lya chon dau do phi hop cho mdi trudng
thir nghiém va lya chon k¥ thuat lap phu hop [95]. Vé k¥ thuat lap, tai liéu cho thy
rang cam bién co thé duogc lap bang cac k¥ thuat khac nhau: cam bién gin trén tudng
6 mom cut, cam bién 1dp vao giita 6 mom cyt/mom cut Va cam bién gan trong tuong
6 mom cut [93] nhu hinh 2.11 thé hién. Mot sé tidu chi phai duoc dap ung dé dam
bao kha ning cia cam bién c6 thé ndm bt day du cac twong tac co hoc giita mom cuyt
va 6 mom cyt. Cam bién phai thu dugc chinh xé4c cac luc (hodc 4p suét) tac dung 1én
mo ddng thdi co mire d6 xam 14n téi thiéu dé khong 1am thay doi co ché sinh hoc cia
hé théng. Phai can than dé dam bao hinh dang vat 1y ciia cam bién khong bi dich
chuyén, bién dang hodc 1am thay d6i dang ké phan tmg co hoc ctia m6é mém va 6

mom cut [96].

Cac phuong

phap lap dat cam
bién

Cong ngh¢ di¢n B0 chuyén doi Cam bién dién Céam bién sgi1

trd nhay luc luc dung quang

Hinh 2.12 - Cdc logi cam bién dwoc sir dung trong thi nghiém

Déi voi ky thuat ldp cam bién giita 6 mom cut va mom cut (hinh 2.12), thi
cong nghé dién tro nhay luc (Force Sensitive Resistor - FSR) 1a mot Iya chon hip din
dbi v6i cac bac sT 1am sang va nha nghién ctru (bang 2.3). Pién tré nhay luc 1a mot

loai dién tro c6 gid tri dién tro thay doi theo sy thay d6i ctia ap luc. Ching c6 cau
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hinh méng, chi phi thap [97] va thuong yéu ciu xir 1y tin hiéu tdi thiéu trudc khi trich

xudt dir liéu. Tuy nhién, loai céng nghé nay chi do dugc ap luc phap tuyén, bén canh

d6 con ¢6 mot sb han ché di biét bao gém do tré [97, 98], sai s6 troi [94, 98] va do

nhay voi luc cit, nhiét do, do cong, muc tai [96, 98]. Du vay, nhiing cam bién chi phi

thép, phé bién rong rai nay van 1a mot lya chon hép dan cho cac ung dung chan tay

gia trong nghién ctru va 1am sang. Trong tai liéu ndy, cong nghé FSR di duoc trién

khai theo nhi€u cau hinh khac nhau dé€ lam no6i bat su phat trién ap luc trong 6 mom

cut. Céc ap luc nay di dugc sir dung dé xac dinh cac co ché nhu di chuyén trong chu

ky dang di, ap luc 6 mom cut/mom cut, dd chinh xac cta cong nghé¢ FSR, ap luc khi

deo va coi, su thoai mai cua thiét bi va mirc do vira van cua 6 mom cut véi bénh nhan

[98-101].

Bang 2.3 — Cac chiing loai cam bién dugc céc tac gia st dung

Chung loai

Hang san xuat

Nhom tac gia sw

dung

Tekscan pressure

sensor

Tekscan, Boston, MA, Hoa Ky

Kahle va cac dong
nghi¢p [102]
Dumbleton va cac

ddng nghiép [103]

TACTILUS tactile

pressure sensor

Sensor Products Inc., Madison,

NJ, Hoa Ky

Rajtukova va cac dong

nghiép [104]

Rincoe pressure

sensor

RG Rincoe and Associates,

Golden, CO, Hoa Ky

Polliack va cac dong

nghiép [105]

Novel pliance

pressure sensor

Novel gmbH, Munich, Btic

Boutwell va cac dong

nghiép [106]
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Wolf va céc dong
nghiép [107]
Daly va céc dong

nghiép [97]

Ibarra va cac dong

Flexiforce A201 nghiép [99]
Tekscan, Boston, MA, Hoa Ky .
pressure sensor Ibarra va cac dong

nghiép [98]

model No. L3210, Binedell va cac dong

Loadpad mobile FSR _
NovelGmbH, Munich, buc nghiép [108]

Doi v6i ki thuat 1ap cam bién trong tudng 6 mom cut, thi b chuyén doi luc,
cam bién dién dung va cam bién soi quang dang duoc cac nha nghién cru quan tim
sir dung. Trong bo chuyén doi luc, may do bién dang dugc gan vao mot phan tir co
thé bién dang vo61 hinh dang va mé dun dan hoi d3 biét. Luc tac dung lén cam bién
duoc xac dinh thong qua viée tich hop cac chi sb cua may do bién dang va cac phép
tinh dya trén 1y thuyét bién dang duoc st dung dé suy ra 4p luc tic dung. Khong
giéng nhu cong nghé FSR, cac bd chuyén d6i luc nay cho phép do luc cat va luc phap
tuyén tai bé mit tiép xuc gitra 6 cim va chi con lai [109, 110] va thuong dugc tich hop
vao 6 mom cut dé 1am ndi bat luc dang di [111]. Ung dung bo chuyén doi luc co nhiéu
uu diém hon so v&i cong nghé FSR nhu chinh xac hon, ¢6 it @6 tré hon va c6 thé thu
duogc cac gia tri lyc cat va lyc phap tuyén. Tuy nhién, giong nhu FSR, bo chuyén doi
luc chi ¢ kha ning do luc tai mot diém don. Mic du cai dit nhiéu cam bién 13 mot
giai phap kha thi nhung qua trinh cai dat ¢ thé thay ddi cac dic tinh vat liéu ciia bo

phan gid hodac bé mat ti€p xtc gitra 6 mom cut va moém cut [93].

Cam bién dién dung 12 mot giai phap thay thé cho su nhay cam voi nhiét do
thép, bao gém mot vat ligu di€n moi duge dat gitta hai bé mit dan dién song song.

Nhitng cam bién nay di duoc gidi thiéu trong cac tng dung chén tay gia [112, 113].
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Cam bién dién dung dugc dat bén trong 6 mém cut nén khong c6 hién tuong léch
dang cht § nao trong qua trinh do dong luc tuong tac gitta mom cut va 6. Loai cam
bién nay chi cdn mic ning luong thap dé hoat dong. Tuy nhién, loai cam bién nay

chi cung cip viéc do ap sut tryc tiép mot truc va d& bi nhiu xuyén am.

Cam bién soi quang duoc str dung trong nhiéu tmg dung dé do bién dang, ap
suét, luc , nhiét dd va tham chi ca chi s6 khiic xa. Donati va cac dé)ng nghi¢p da su
dung cam bién nay dé do ap suét tai bé mat tiép xuc gita mém cut/d cim trong lan
dau tién vao nam 2013 [114]. Cam bién sgi quang da cho thay kha ning do ca ng
suat phap va tng suét cit [115]. Chlng ciing thu hut nhiéu nha nghién ciru vi d6 bén,
do nhay cao va kha ning mién nhiém véi nhiéu dién tir [116, 117]. Tuy nhién, trong
truong hop c6 bat ky hu hong nao dbi vai soi quang hodc cac thanh phan quang dién
tir, thi nhimg cam bién soi quang nay van dé bi nhiéu dién tir, dan dén hoat dong day

du ctia ching 6 thé bi can trd [117].
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CHUONG 3. THIET KE VA CHE TAO O MOM CUT BANG

PHUONG PHAP KY THUAT SO

Hién nay, cac trung tdm hoac bénh vién phuc hoi chire ning van dang sir dung
quy trinh thiét ké ché tao 6 mom cut bang phuong phap truyén thdng, quy trinh nay
t6n rat nhiéu thoi gian va gia thanh cao. Ngoai ra, chat luong ctia bo phan gia phu

thudc rat nhiéu vao kinh nghiém cua chuyén gia.

Trong nghién ctru nay, tic gia d& xuat mot quy trinh thiét ké 6 moém cut bang

phuong phap k§ thuat s6 nhu hinh 3.1 thé hién.

LE

BUGC 2: QUET

BUGC 1: CHUAN BI

BUGC 3: HIEU
CHINH

BUGC 4: THIET KE

BUGC 5: CHE TAO

Hinh 3.1 — Quy trinh thiét ké va ché tao 6 mém cut cho nguoi khuyét chi duéi goi



34

Déi tugng duoc thuc hién 1a nguoi dan éng 67 tudi, bi cat cut cach ddy hon
10 nam. Hién tai dang sinh song tai Pa Néng, Viét Nam. Theo diéu tra, hién tai ng
van dang st dung thiét bi chan gia duoc hd tro tir hoi Chir thap do, thiét bi ¢é gia thanh
ré, phuc vu co ban cho viéc di lai. Tuy nhién, trong qua trinh sir dung, thiét bi da gay
ra dau dén do phai quan tim 16t rat chat va phai bugc day vao phan dui trén gbi dé

khéng bi tust (hinh 3.2).

Hinh 3.2 - Mdm cut cia nguwoi khuyét chi

3.1. QUET 3D MOM CUT

Dé thu thap dir liéu mom cut, nhom tac gia st dung may quét 3D cam tay nhan hiéu

IREAL M3 [8] (hinh 3.3) c6 théng s6 ky thuat nhu bang 3.1 thé hién.



35

Hinh 3.3 — May quét 3D cam tay IREAL M3
Bang 3.1 - Thong s ky thuat caa IREAL M3

Nguén sang kép 7 Tia Laser song song hong ngoai

Khoang cach quét hiéu qua: 280-1000 mm
Piic diém quét Khoang céach quét ti uu: 400 mm

Truong nhin: 400 x 240 mm

Toc d6 quét Lén dén 60 FPS
P§ min Khoang cach diém: 0,1-3mm
Sw chinh xac Lén dén 0,1 mm

Camera Pixel tich hgp: 1,3 Megapixel

Phan citng Pham vi nhiét d6 lam viéc: -10~40°C

Kich thudc & Trong lugng may quét: 140x94x258
mm; 8569

Sau khi ¢6 duge dit liéu moém cut, tién hanh sir dung phﬁn mém Meshmixer
cua hang dé tién hanh thiét ké 6 moéom cut. Meshmixer 1a mot phﬁn mém manh mé va
linh hoat v&i nhiéu vu diém cho nguoi ding & moi cAp d6. Phan mém mién phi, dé
su dung, cé nhiéu chirc nang va hd trg nhiéu dinh dang tép.

a. Chudn bi:

Yéu cau bénh nhan céi bo trang phuc, trang stc va bat ky vat dung nao c6 thé
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che khuat mém cut. Da can dugc sach s& va khé réo. Khoi dong may quét va dam bao
pin duoc sac dﬁy dt. Chuén bi ph;ﬁn mém quét 3D va hi€u chinh cai dat néu can thiét.
Qua trinh quét nén dién ra trong moi truong cé anh sang tot, it nhiu va co di khong
gian dé bénh nhan di chuyén thoai mai.

Mot $6 hueu y:

Dit vi tri bénh nhan: Huéng dan bénh nhan dtng hodc ngdi ¢ vi tri phu hop dé
6 thé quét toan bd mom cut tir nhiéu gbc do.

Bit dau quét: Giit may quét cam tay cach mom cut khoang 10-20 cm va di
chuyén cham rai, déu din theo cac duong quét dugc hudng dan trén man hinh.

Di chuyén médy quét theo cac dudng quét duoc hudng dan, dam bao quét toan
b bé mit moém cut ma khong b sot bét ky chi tiét nao.

Tranh di chuyén méy quét qua nhanh hoic qua cham.

Giir may quét on dinh va tranh rung lic trong qua trinh quét.

b. Tién hanh:

Dé dam bao hiéu suat tot nhat, may quét 3D da dugc hiéu chinh theo hudng dan
ctia nha san xuat. Qua trinh hiéu chinh nay can khoang 2 phut dé hoan thanh. Tat ca
cac lan quét dugc hoan thanh ¢ ché doé quét HD cAm tay, dat do phan giai 0,5 mm, &

20 khung hinh mdi gidy, véi 1 triéu diém duogc thu thap mdi gidy (hinh 3.4).

Hinh 3.4 — Quét 3D mom cut
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Sau khi quét xong, kiém tra dix liéu 3D trén man hinh dé dam bao hinh anh mém

cut duoc thu thap day du va chinh xéc (hinh 3.5).

Hinh 3.5 — D liéu quét thu dwoc

3.2. HIEU CHINH DU LIEU QUET

Co thé st dung phén mém dé chinh stra dit liéu quét, loai bo nhiéu hodc diéu
chinh d6 chinh xac cia m6 hinh 3D. Trong nghién ctru ndy, tac gia sir dung phan mém
GOM Inspect 2018 [9] dé hiéu chinh nhiing vi tri ma may quét 3D khong tiép can
dén.

Sau khi chinh sira hoan thanh, tién hanh cit bo nhitng vi tri khong can thiét.
Cudi cung, luu dit lidu quét dudi dang tép 3D dé sir dung cho cac budc tiép theo.

May quét 3D thu thap dir licu mém cut nhanh chong va chinh xac hon so voéi
céc phuong phap truyén théng nhu ldy dau. Qua trinh quét 3D khong giy dau dén
hay kho chiu cho bénh nhan. Tuy nhién, dd chinh xé&c cua dir liéu quét 3D phu thude

vao loai may quét va k¥ thuat vién thuc hién quét. Viéc xur ly va chinh stra dir li¢u
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quét 3D co thé doi hoi kién thirc va k¥ nang k¥ thuat.
Cdc budre tién hanh:

e Vald ty dong: dung dé va nhanh nhiing 15 nhé (hinh 3.6).

Filling result Normal
Max. hole size 30.000 mm

Max. number of edges 100000
Max. hole complexity 0.050 mm

Delete neighborhood 1

© Apply ‘ Close

Hinh 3.6 — Va tw dong cdc 16 nhé
e Va thu cong: dung dé va nhitng vi tri ma may quét khong dén dugc,

chang han nhiing noi sau hodc ltn (hinh 3.7).

Hinh 3.7 — Va thu cong
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Sau khi hiéu chinh hoan thanh, tién hanh cét bo nhitng phan khong can thiét va

lam dac phén moém cut, thu dugc hinh anh 3D cubi cung (hinh 3.8).

Hinh 3.8 — Mom cut sau khi hiéu chinh

3.3. THIET KE O MOM CUT

Dé c6 co s& cho viéc thiét ké 6 mom cut mot cach chinh xac, thi viéc xac dinh kich
thudc cua cac bo phan gia can phai duoc quan tim. Trudc tién, can phai kiém tra cac

thong sb kich thuéc cua ngudi bénh thong qua so d6 nhan tric hoc tai hinh 3.9.
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Hinh 3.9 - So' d6 do nhén trdc hoc dwot sir dung dé thiét ké chan gid duoi géi.
Trong do:
« Height (H): chiéu cao caa bénh nhan;
« Trochanter height (TRH): chiéu cao ctia mau chuyén dugc do & chi dudi dbi dién

« Residual limb length (RL tong chiéu dai caa chi con lai;
« Knee joint height (KH): chiéu cao khap gdi dbi bén;
« Foot length (FL): chiéu dai cua ban chan dbi dién;

« Thigh length (TL): chiéu dai cta dui, chi danh cho ngudi cut chan duéi goi:
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« Distance knee joint-stump top (KS): 12 khoang cach theo phwong thang dung gitra

dinh moém cut va khép géi, duge tinh nhu sau:
KS=RL - TL [mm] (1)
Bén canh do, kich thudc 6 mom cut con phu thude vao kich thude cua cac chi tiét
bo phan gia (hinh 3.10). Tuy nhién, c4c chi tiét nay da dugc cac hdng chan tay gia gia
cOng san va ban rong rai trén thi truong.

Lop 16t

O mém cut

SOCKET MODULE

Khoa chét

Ban 1 truc

Adaptor bat ban

Ong khuyén
TUBE MODULE

Khép ban chin

Ban chan gia

FOOT MODULE

Hinh 3.10 - Cdu tgo bé phdn gid duwéi goi

Trong do:
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Ban 1 truc: Bo phan nay c6 vai trd trong viéc két ndi va hd trg cho cac bo phan
khac. Ban 1 tryc duoc ché tao tir vat liéu cao cap, dam bao chét luong, ting kha ning

hoat dong 6n dinh.

Adaptor bét ban: Gilp tao su lién két chic chin va dam bao tinh 6n dinh trong qua

trinh sir dung.

Ong khuyén kim loai: Giap diéu chinh d6 dai va d6 nghiéng cua chan gia, tao diéu

kién thuan loi cho nguoi str dung dé diéu chinh theo y mudn va thoai mai.

Lép 16t: 1a mot hé théng treo thay thé cho cac phuong phap thong thuong hon. No
c6 chirc nang nhu bé mit tiép giap giita da va thanh 6 ring bén trong dé bao vé phan
chi con lai va mang lai sy thoai mai hon cho nhitng ngudi bi cut khi deo chan gia. Lop
16t ¢4 thé cai thién tinh tham my, dém cho phan chi con lai, giam lyc cat gitta phan chi
con lai va 6 cam, ddng thoi giam thiéu luc day caa phan chi con lai trong 6 cim. Hinh

3.11 thé hién cac kich thudc cia I6p 16t Iceross® Sleeve thuoc hing OSSUR [10].

Hinh 3.11 - Lop l6t Iceross® Sleeve
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O mom cut: thudng dugc thiét ké linh hoat d&& phu hop Véi co thé ciia ngudi st
dung va tao sy thoai mai va 6n dinh trong qua trinh di chuyén. Can luu ¥ rang bé mat
dué6i cuia mém cut khéng c6 kha ning chiu duoc &p luc nén bé mat duéi caa 6 cam
can dugc thiét ké xa hon so v&i phan xa cia mom cut, ngoai ra két cau cua 6 cim can
dugc thiét ké c6 khong gian dé gan cac adaptor lién két vai moé dun 6ng khuyén (hinh

3.12).

MOM CUT

OMOM CUT

!. ADAPTER LIENKET

MODUN ONG
KHUYEN

Hinh 3.12 - Két cau module 6 mém cut

Dua trén céc thong sb sin c6 tir cac modun ban chan va modun éng khuyén, dé
dang tinh duoc khoang cach can thiét cia 6 mom cut. Bén canh d6, giita mom cut va
6 déu 6 16p 16t ngin cach, trén co s d6, khi thiét ké 6 mom cut can phai dé ho mot
khoang twong thich véi chiéu day I6p 16t.

Va cubi ciing, bé day 6 mom cut dugc xac dinh theo cong thac [11] :

Socket thickness [mm] = patient weight [kg]/20 (2)
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Cdc budc tien hanh:

e Bwéc 1: Dit liéu mom cut sau khi duoc hiéu chinh s& can duogc xac dinh ving tiép

xUc vai 6 cam, dya trén co s¢ ving chiu dugc &p lyc va viing nhay cam véi ap luc nhu

dd dugc mo ta tai muc 1.3, bé mat bén trong 6 mom cut duoc xac dinh tai hinh 3.13.

Mat sau

Mat bén Mat trong
Hinh 3.13 — Xdc dinh bé mdt 6 cam can thiét ké
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e Budéc 2: Do giira bé mat trong 6 cam va mom cut ¢6 mot 16p 16t ngan cach
nhu d3 trinh bay ¢ phan trén, nén tai buéc nay tién hanh offset bé mat trong cia 6 cam

véi kich thudc twong thich véi bé day 16p 16t (hinh 3.14).

Hinh 3.14 — Offset bé mdt trong cua 6 cam
e Buéc 3: Dya trén cac kich thuéc c6 san cia cac mo dun trong bd phan gia

(md dun ban chan, mé dun dng khuyén,...), tir 6 x4c dinh dwoc khoang cach can thiét

ctia bé mat trong tai phan xa cua 6 cam (hinh 3.15).

Hinh 3.15 — Két cdu bé mdt trong cua 6 cam
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e Buéc 4: Dya trén cong thirc (2) dé xac dinh dugc bé day can thiét caa 6 cam
g V&i trong luong caa bénh nhan, tir d6 tién hanh offset theo gia tri trén dé nhan

duoc 6 cdm, tiép tuc hiéu chinh dé thu dugc 6 cim hoan chinh (hinh 3.16).

Hinh 3.16 - O mém cut hodn chinh

3.4.CHE TAO O MOM CUT

Hién nay c6 nhiéu vat liéu pht hop dé ché tao 6 mom cut bang phuwong phap
in FDM. Trong nghién ctu ndy, nhua PLA dugc lua chon do nhitng loi thé caa no,
nhua PLA (Polylactic Acid) da tré thanh mét trong nhitng vat liéu in 3D phd bién nhat
& Viét Nam va trén toan thé gisi. C6 nhiéu ly do khién PLA tré nén phé bién nhu vay:
PLA kha phai ching, pht hop véi nhu cau cia nhiéu nguoi ding; PLA duoc san xuét
tir cAC nguoN tai nguyén tai tao nhu ngd, mia, san, v.v., nén c6 kha nang phan hay sinh
hoc trong diéu kién thich hop; PLA khong chira chat doc hai, an toan cho ngudi ding
tiép xdc; Mac du khdng cing va chac chian nhu mot s6 loai nhya khac, nhung PLA

van du bén dé dap tng nhiéu nhu cau sir dung [23,31,32].
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Hinh 3.17 - May in 3D Elegoo Neptune 4 Plus 3D printer

O mom cut dugc ché tao bang soi nhua PLA trén may in 3D Elegoo Neptune
4 Plus (hinh 3.17), hoan thanh qua trinh in trong khoang 29 gio. Sau khi in, khép chéan
gia trai qua mot s6 budce xir Iy hau ky dé ting do bén, su thoai mai va tinh tham my.
Dau tién, c4c cau tric hd trg duoc loai bo can than. Sau d6, bé mit duoc 1am min bang
cach cha nham dan dan, bit dau tir hat thd va két thic bang hat min dé giam thiéu cac
duong van 16p nhin thiy. Khép chan gia in 3D hoan thién duoc hién thi trong hinh
3.18
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Hinh 3.18 - O mém cut in 3D

Nhan xét:

Bang 3.2 - Thoi gian tiéu thy dé ché tao 6 mom cut bang quy trinh d& xuét

Buéc Thei gian yéu cau (Gio)
Chuan bj 0.5

Quét 1

Hiéu chinh dir liéu quét 0.5

Thiét ké 6 mom cut 2

San xuat 6 mém cut 24

Hau xur ly 1

Tong 29

Téng thoi gian ché tao 29 gio nhan manh hiéu qua caa viéc st dung cong nghé 3D
dé san xuat 6 mom cut so voi phuong phép truyén thdng. Thoi gian 24 gio can thiét
cho in 3D phan anh do phic tap cua viéc ché tao 6 mé cut. Thoi gian nay phu thudc

dang ké vao kich thudc va do phuc tap cia san pham, ciing nhu cac théng sb in cu thé.
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Cac thdng s6 nay tac dong truc tiép dén chat luong san pham cudi cing, thé hién méi
quan hé mat thiét giita téc d6 in va mirc do chi tiét dat duoc. Toan bd quy trinh mang
dén co hoi tdi wu hoa, dic biét 1a trong budc quét. Chat luong cta qua trinh quét co
thé duogc cai thién dang ké néu bénh nhan gitt chan cut & vi tri 6n dinh trong qué trinh
thuc hién. Vi tri 6n dinh gitp giam thiéu chuyén dong va dam bao may quét thu thap
dugc cac phép do chinh x4c va chi tiét ciia phan chi con lai. Diéu nay 1am giam kha
nang xay ra 15i hoac bién dang trong mé hinh 3D, cudi cling dan dén 6 mom cut vira

khit hon va tiét kiém thoi gian dugc phan bo cho quy trinh quét.
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KET LUAN VA KIEN NGHI

1. Kétluan

Nghién ctru d3 gidi thiéu tAm quan trong ciia 6 mém cut dbi v6i nguoi khuyét
tat chi dudi, déng thoi gidi thidu cac phuong phap thiét ké va ché tao 6 mom cut hién
nay.

Nghién ciru di dé xuat mot quy trinh cong nghé tao mau 6 mom cut chan gia
cho ngudi khuyét chi dudi dwa vao cong nghé quét hinh 3D st dung may quét 3D
cam tay két hop cong nghé in 3D va cac phan mém di kém hoan toan mién phi dé giai
quyét van dé vé chi phi, phu hop véi diéu kién kinh té & Viét Nam.

Nghién ctru di thyc hién ché tao nhanh mot 6 mém cut bang phuong phap in

3D.

2. Kién nghi
Kién nghi dwa san pham ap dung thuc té trén bénh nhan dé danh gia két qua,
khao sat mac do hai long cta ngudi bénh dbi véi san pham dé tir d6 co6 hudng cai

thién dé mang lai hi¢u qua tdt nhat.
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