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Mau 3. Théng tin két qua nghién civu dé tai KH&CN cdp Truong
THONG TIN KET QUA NGHIEN CUU

1.Thong tin chung:

- Tén dé tai: Ung dung cong nghé ky thuat sb trong thiét ké va ché tao 6 mom cut
gia chi phi thap cho nguoi khuyét tat

- Mi s6: T2024-06-01

- Cht nhiém: Phan Nguyén Duy Minh

- Thanh vién tham gia: Bui Hé Thong, Nguyén Thai Duong

- Co quan ch tri: Truong Dai hoc Su Pham Ki thuat — Dai hoc Pa Nang

- Thoi gian thyc hién: 01/2025 — 12/2025
2. Muc tiéu:
- Chuyén dbi cong nang von cé clia cam bién Kinect thanh mdt may quét hinh gia ré
hon rat nhiéu so voi cac may quét hinh 3D cong nghiép dé thuc hién qua trinh 1iy mau
mom cut.
- Thuc hién viéc s6 hoa toan bod thong s6 vé kich thuge va hinh dang cua chi khuyét tat
tir d6 tao ra chi gia pht hop hon cho ngudi sit dung. Xir Iy dit lidu quét va thiét ké
duoc 6 mom cut phu hop nhét véi mom cut cua bénh nhan.
- M6 phong s qua trinh twong tac gitra 6 mém cut va mom cuyt

- Thyc hién dugc viéc ché tao 6 mém cut bang cong nghé in 3D.

3. Tinh méi va sang tao:

Pé tai thuc hién viéc mo phong sd qua trinh twong tic gitta 6 mom cut va mém cut
nham muc dich tai hién chi tiét cac luc tac dong, ap suét phan bo, cling nhu cac bién
dang xay ra tai bé mat tiép xuc gitra 6 moém cut (socket) va mom cut (stump). Viéc mo
phong nay khong chi giup danh gia sy phit hop va thoai mai cia 6 mém cut ma con hd
trg toi wu hoa thiét ké, dam bao phan bd lyc ddng déu va giam thiéu nguy co giy dau

hodc t6n thuong cho ngudi st dung.

4. Tém tat két qua nghién ciru: 01 bai bao khoa hoc, 1 san pham 6 mom cut in 3D

Chén tay gia 1a nhitng thiét bi thiét yéu gitip nang cao dang ké chét lugng cudc séng
cho ngudi bi doan chi, cho phép ho phuc hodi kha ning van dong, sy tw chu va tham gia
vao cac hoat dong sinh hoat hang ngdy. Tuy nhién, tai cac qudc gia c6 thu nhap thap
va trung binh nhu Viét Nam, viéc tiép can chan tay gia van con 1a mot thach thirc 1én

do chi phi cao, kha nang ti€p can cong nghé san xuat hién dai con han che, ngudn vat
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lidu khan hiém va co s¢ ha ting y té chua dong bd. Nhitng rao can nay khién nhiéu
ngudi doan chi khong tim dwoc giai phap phi hop, giy anh huong dén sirc khoe thé
chét va tinh than cta ho. Bai bdo nay gidi thiéu mot phuong phap d6i méi trong thiét
ké va ché tao 6 mom cut chi dudi véi chi phi thap, duoc tiy chinh dic biét cho nguoi
bénh tai Viét Nam. Phuong phap dugc dé xuat thay thé cac k¥ thuat tha cong truyén
thdng vén ton kém va can nhiéu nhan lyc bang mot quy trinh k¥ thuat sé tinh gon.
Thong qua viée tich hop cong nghé quét 3D dé do mom cut chinh xdc, phan mém
CAD dé tuy chinh thiét ké va cong nghé in 3D FDM dé san xuét hiéu qué, giai phap
nay giup giam dang ké chi phi va thoi gian ché tao trong khi van dam bao do tuy bién
cao. Quy trinh k¥ thuat s6 nay khong chi cai thién kha nang tiép can chan tay gia cho
cac nhom dbi twong kho khin, ma con mang dén mot giai phap bén vimng, c6 kha ning
mo rong dé dap Gmg nhu cau ngay cang tang vé thiét bi gia trong diéu kién ngudn luc
han ché. Nghién ctru ndy htra hen tiém ning to 16n dé ap dung rong rii trong cac bdi

canh tuong ty trén toan thé gioi.

5. Tén san pham:

Cic san pham khoa hoc dap tng theo yéu ciu theo ding ky trong thuyét minh.
Bai bao vai tya dé: Application of 3D Printing Technologies in the Design

and Manufacture of Prosthetic Sockets for Low-Middle Income Countries: A

Case Study in Vietnam. Authors: Thai Duong Nguyen, Nguyen Duy Minh Phan, He

Thong Bui, Dinh Son Nguyen. International journal of engineering (ESCI-WoS,
Scopus, Q2). No: Volume 38, Issue 9. Pages: 2170-2182. Year 2025.

- Link bai bao: https://doi.org/10.5829/11e.2025.38.09¢.13

- Link thudéc WoS: https://mjl.clarivate.com://search-results?issn=1025-
2495&hide_exact_match_fl=true&utm_source=mjl&utm_medium=share-by-
link&utm_campaign=search-results-share-this-journal

- Link thudc Scimago Q2:

https://www.scimagojr.com/journalsearch.php?g=21101022194&tip=sid&clean=0

6. Hiéu qu4, phwong thirc chuyén giao két qua nghién ciru va kha ning ap dung:
Dé tai trinh bay mot quy trinh toan dién duoc phat trién dé ché tao miu chén tay
gia cho nguoi khuyét tat, dwa trén su két hop cua cong nghé quét anh 3D bang cam
bién Kinect va cong nghé ché tao bdi dap (in 3D). Viéc 4p dung quy trinh nay mang lai
nhing loi ich thiét thuc, bao gom viéc giam thiéu chi phi va thoi gian ché tao. Pic
biét, phuong phap nay giai quyét duoc vin dé an toan cho bénh nhan bing cach loai

trr hoan toan viéc st dung hoa chat hay cac chat phu trg tiép xuc truc tiép vO1 chi cut.
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Mau 4. Théng tin két qua nghién ciru bang tiéng Anh
INFORMATION ON RESEARCH RESULTS

1. General information:

Project title: Application of Digital Engineering Technologies in the Design and
Fabrication of Low-Cost Prosthetic Sockets for People with Disabilities

Code number: T2024-06-01

Coordinator: Bui He Thong, Nguyen Thai Duong

Implementing institution: University of Technology and Education - The
university of Danang

Duration: from 01/2025 to 12/2025
2. Objective(s):
- To repurpose the Kinect sensor's original function into a low-cost 3D scanner,
significantly more affordable than industrial 3D scanners, for the process of capturing
the residual limb's geometry.
- To digitize all dimensional and geometric parameters of the residual limb to create a
more suitable prosthesis for the user. To process the scanned data and design a
prosthetic socket that best fits the patient's stump.
- To perform a numerical simulation of the interaction process between the prosthetic
socket and the residual limb (stump).
- To successfully fabricate the prosthetic socket using 3D printing technology.
3. Creativeness and innovativeness: The project implements a numerical simulation
of the interaction between the prosthetic socket and the stump. The aim is to recreate
in detail the acting forces, pressure distribution, and deformations that occur at the
contact interface. This simulation not only helps evaluate the fit and comfort of the
prosthetic socket but also supports design optimization, ensuring even force
distribution and minimizing the risk of pain or injury to the user.
4. Research results: One (01) scientific article, One (01) 3D-printed prosthetic socket
prototype.
Prosthetic limbs are critical devices that significantly enhance the quality of life for
individuals with limbamputations, enabling them to regain mobility, independence,
and participation in daily activities. However, in low- and middle-income countries

like Vietnam, access to prosthetics remains a significantchallenge due to high costs,
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limited availability of modern manufacturing technologies, scarce materials,and
inadequate healthcare infrastructure. These barriers leave many amputees without
suitable solutions, impacting their physical and psychological well-being. This paper
introduces an innovative approach tothe design and manufacturing of affordable
prosthetic sockets tailored specifically for lower-limbamputees in Vietnam. The
proposed method replaces traditional labor-intensive and costly manualtechniques with
a streamlined digital workflow. By integrating 3D scanning for precise
stumpmeasurement, CAD software for design customization, and FDM 3D printing for
efficient production, this approach significantly reduces costs and production time
while ensuring high levels ofcustomization. This digital methodology not only
improves accessibility to prosthetics for underservedpopulations but also provides a
scalable, sustainable solution for addressing the growing demand forprosthetic devices
in resource-limited settings. It holds great potential for broader implementation
insimilar contexts worldwide.

5. Products: A journal article titled: Application of 3D Printing Technologies in the
Design and Manufacture of Prosthetic Sockets for Low-Middle Income Countries: A
Case Study in Vietnam. Authors: Thai Duong Nguyen, Nguyen Duy Minh Phan, He
Thong Bui, Dinh Son Nguyen. Journal: International Journal of Engineering (ESCI-
WoS, Scopus, Q2). Volume 38, Issue 9, Pages: 2170-2182. Year: 2025

- Article link: https://doi.org/10.5829/1je.2025.38.09¢.13

- WoS-indexed link: https://mjl.clarivate.com://search-results?issn=1025-
2495&hide_exact_match fl=true&utm_source=mjl&utm_medium=share-by-
link&utm_campaign=search-results-share-this-journal

- Scimago Q2 link:
https://www.scimagoir.com/journalsearch.php?ag=21101022194&tip=sid&clean=0

6. Effects, transfer alternatives of reserach results and applicability: The project
presents a comprehensive process developed to fabricate prosthetic limb models for
people with disabilities, based on the combination of 3D scanning technology using a
Kinect sensor and additive manufacturing (3D printing). The application of this
process offers practical benefits, including the reduction of fabrication cost and time.
Notably, this method addresses patient safety by completely eliminating the use

of chemicals or auxiliary substances that come into direct contact with the residual
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limb. Furthermore, the flexibility of the process allows for the selection of various
input materials, typically ABS or PLA plastic, to meet the personalized requirements
of the user.

The research findings have strong potential for practical application in medical
facilities such as hospitals and rehabilitation centers, as well as in companies
specializing in prosthetic design and manufacturing. Additionally, this work can serve
as an in-depth reference material for undergraduate and postgraduate education and

training.



1.Tong quan tinh hinh nghién ctu

e Ngoai nudc

Trong hai thap ky qua, thiét ké chi gia bang cac phuong phap sé da nhan duoc sy
quan tdm 16n tir cong dong nghién ctru. Tuy nhién, viée chuyén doi hoan toan tir quy
trinh thi cong sang k¥ thuat s6 van 1a mot thach thirc dang ké. Cac hé thong san xuét
chén tay gia dugc hd tro hoan toan bang may tinh dd dugc dé xuit trong mot s nghién
ctru [1], [2]. Thong thudng, cac hé thong nay bat dau bang viéc sb hoa chi con lai
thong qua cong nghé hinh anh y té [1] hodc sir dung may quét 3D cam tay [2]. Dit lidu
thu dugc sau d6 dugc chinh sira va xir Iy bang phan mém CAD dé tao ra mé hinh 6
mom cut, md hinh nay s& dugc in 3D trong giai doan cubi. Qua trinh chinh stta mo
hinh thudng dua trén cic nguyén tic thiét ké truyén théng, din dén viéc thiét ké van
mang tinh thii cong va phu thudc vao kinh nghiém cua ngudi thiét ké. Do do, phuong
phap nay chua chimg minh dugc wu thé vuot trdi so voi phuong phap truyén thong.
Mot s6 két qua nghién ciru, chang han nhu [2], cho thiy bénh nhan tir chdi sir dung 6
mom cut vi cam gidc dau khi str dung, dan dén viéc phai diéu chinh mé hinh cho dén
khi dat dugc sy hai long cuia bénh nhan.

Nam 2013, Colombia va cdng su [3] da phat trién mot moi truong do dé thiét ké chi
gid hoan chinh dya trén hinh dai dién do cia bénh nhan. Hinh dai dién nay dugc xay
dung béng phe‘“m mém LifeMOD, st dung dir liéu nhan tric hoc cua bénh nhan. M6
hinh mom cyt duge tao tir dit lidu hinh anh y t& (MRI) va lién két v6i hinh dai dién cua
bénh nhan. Cac thong s6 co sinh hoc duoc trich xuét tir tai lidu va ap dung vao mo
hinh mom cut. Hé thong thiét ké 6 mom cut nay dya trén cac nguyén tac truyén thong
va dugc t6i wu hoa thong qua phan tich phin tr hitu han tinh dé danh gia twong tac
gifta mom cut va 6 mom cut trong tu thé ding (mdt nira trong luong co thé duoc ap
dung 1én 6 mom cut). Trong nghién ctru tiép theo [4], luc tac dung 1én mo hinh 6 mém
cut dugc mo phdng béng phén to hiru han dong dé du doan sy phan bd ap luc trén bé
mit mém cut khi bénh nhan di chuyén. Két qua nghién ctru cho théy sy hai long cua
cac chuyén gia tham gia, va cac thtr nghiém thyc té da duogc thuc hién vao nim 2016
[5], v6i 22 m6 phong twong tac 6 mom cut/moém cut trong tu thé ding duoc so sanh
v6i dir liéu do ap luc thuc té. Quy trinh thiét ké hoan chinh nay da dugc mo ta chi tiét

vao nam 2019 [6].



Ballit va cong su [7] di dé xuat phuong phap thiét ké 6 mom cut voi su hd tro cua
may tinh, tich hop phan hdi bién dang mé mém theo thoi gian thuc va sir dung phuong
phap nghich dao dé t6i uu hoa tuong tac giita 6 moém cut va mom cut. Gan day, mot sd
nghién ctru ciing da kiém tra d6 bén cia cac chi gia dugce san xuit bang cong nghé in
3D [8], [9].

Mic du cong nghé quét 3D va in 3D mang lai nhiéu tiém ning trong viéc ché tao 6
mom cut, phﬁn 16n cac nghién ctru hién tai st dung thiét bi quét co chi phi cao va chua
tap trung d vao viéc phan tich tuong tic gitta 6 mom cut va mém cut dé danh gia tac
dong cta san pham thiét ké dén bénh nhan.

e Trong nudc
Tai Viét Nam, linh vuc thiét ké va ché tao chan tay gia theo truyén thong van chu yéu
dua vao cac phuong phap thii cong, doi hoi tay nghé cao va kinh nghiém lau nam cua
k¥ thuat vién. Viéc tmg dung cic phuong phap s hoa, bao gdm quét 3D, thiét ké c6 sy
hd trg ctia may tinh (CAD), va mo phong ky thuit (CAE), van con 1a mot hudng di
tuong ddi méi mé va chua duge phat trién mot cach rong rai.

Trong bdi canh d6, nghién ctru cta tac gia [10] co thé duoc xem 1a mot trong
nhiing cong trinh tién phong, gi6i thiéu mot quy trinh ing dung phin mém CAD/CAM
vao viéc san xudt chan tay gia. Cong trinh nay di danh ddu mot bude tién quan trong
bang cach sd hoa giai doan tao hinh, cho phép tao ra cac 6 moém cut c6 hinh dang
chinh xéac va d6 lap lai cao hon so véi phuong phap duc bot tha cong truyén thong.

Tuy nhién, mot han ché dang ké cta nghién ctru [10] 1 quy trinh méi chi ding
lai & khau thiét ké hinh hoc trén phin mém. Cu thé, nghién ctru nay da chuwa khai thac
céc cong cu mod phong k¥ thuat so dé tién hanh cac phan tich sau hon mang tinh quyét
dinh dén chét lugng san pham. Hai khia canh quan trong d3 bi bo qua:

- Phan tich d6 bén két cAu: Nghién ctu chua thyc hién mé phdng phf?ln tir htru han
(FEA) dé kiém tra va du doan kha ning chiu luc cia 6 mom cut. Diéu ndy c6 nghia la
dd bén cua thiét ké van chua duoc kiém chting mdt cach khoa hoc, dan dén rui ro tiém
an vé an toan hodc kha ning phai thiét ké qua day (over-design), lam ting trong luong
khong can thiét.

- Phan tich tuong tac co y sinh: Quan trong hon, nghién ciu da khong danh gia sy
tuong tac phuc tap gitta 6 mom cut va mom cuyt ciia bénh nhan. Viéc thiéu phan tich

nay khién cho cac yéu té then chét nhu su phan bo ap suét 1én bé mit da, cac ving tap



trung ap luc cao cd nguy co gdy dau dén hay ton thwong mé mém khong duoc khao
sat. Do d6, mic du hinh dang c6 thé chinh x4c, nhung su thoai méi va hiéu qua chirc
nang cua 6 cdm van chua duoc tdi vu hoa dua trén dit liéu khoa hoc.

2. Tinh cap thiét

Thiét ké 6 mom cut (ph.':fln ndi vao mom cut- phﬁn con lai cua mot chi sau khi bi ph?lu
thuat cat cut) 1a mot cong doan rat quan trong trong quy trinh thiét ké chan tay gia.
M&i 6 mém cut can duoc thiét ké riéng biét dé phu hop véi hinh dang cu thé cta timg
bénh nhan. Déi v6i phuong phap truyén thdng, viée tao 6 mom cut thudng duoc thuc
hién hoan toan thu cong: tir viéc léy dau béng khuon thach cao dén cac bude tao hinh
va ché tac bang tay.

Tuy nhién, véi su tién bo cta cong nghé s6, dac biét 1a cong nghé quét 3D va in
3D, nhiéu han ché cia phwong phap truyén théng di duoc khic phuc. Hién nay, hinh
dang va kich thudc cta phan chi con lai c6 thé duoc s6 hoa nhanh chéng bang cac thiét
bi quét 3D cam tay. Tur dit liéu quét thu dugc, nha thiét ké c6 thé xay dung mé hinh
3D 6 mom cut trén phﬁn mém thiét ké, dam bao do vira van toi uwu cho tung c4 nhan.
Sau d6, 6 mom cut c6 thé dugc san xuat thong qua cac k¥ thuat in 3D — con goi 1a gia
cong dap 16p (Additive Manufacturing), st dung cac cong nghé phd bién nhu FDM
hay SLS.

Tai Viét Nam, viéc irng dung cong nghé quét va in 3D trong linh vuc san xuét chi
gia hién van con rit méi mé, chua co nhiéu nghién ctru chuyén sau hay tmg dung thuc
tién. Mt khéc, hau hét cac hé théng quét 3D hién c6 trén thi truong nhu EinScan-Pro
(gia khoang 5000 USD) hay HandySCAN 3D 300 cua Creaform (tri gid hon 21000
USD) déu ¢6 chi phi rat cao, gay kho khan cho viéc trién khai rong réi.

Theo sb liéu khao sat cia UNICEF vao nam 2016, Viét Nam c6 trén 6 triéu nguoi
khuyét tat, phan 16n do anh huéng cua chién tranh hodc tai nan giao théng. Trong sb
d6, nhiéu nguoi khong cé kha nang tiép can cac san pham chan tay gia hién ¢ vi chi
phi qua dit do. Bén canh do, viéc san xuit chi gia khong thé ap dung mé hinh san xuét
hang loat do can dap ng yéu cdu ca nhan hoa cao, phu hop véi timg mic do ton
thwong va nhu cau van dong cia ting bénh nhan. Didu nay khién gia thanh san phdm

cang tro nén kho tiép can.



Xuét phat tur thuc té do, nghién clru nay dé& xuét mot quy trinh ché tao 6 mom cut
véi chi phi thép, tan dung cac cong nghé s6 hién dai. Cu thé, nhém nghién ctru Ung
dung thiét bi quét Kinect — mot giai phap gia ré — dé thu thap dir liéu hinh hoc cta
mom cut. Dir liéu sau khi dwoc xir 1y thong qua cic phan mém sé duoc st dung dé
thiét ké 6 mém cut béng cong cu CAD, sau do inra béng cong ngh¢ FDM vdi vat li¢u
nhua pho bién tai Viét Nam. Hudng tiép cin nay hira hen md ra mot giai phap kha thi
cho viéc ché tao chi gia chi phi thip, phu hop véi diéu kién kinh té va k¥ thuat trong
nude, gop phan cai thién chit luong séng cho ngudi khuyét tat..

3. Muc tiéu

Muc tiéu tong quat dit ra khi thuc hién dé tai nay 1a dé xuit mot giai phap hién dai,
nhanh chong, gia thanh thap két hop cong nghé sé nhu quét hinh va in 3D trong viéc
ché tao 6 mom cut gia cho nguoi khuyét tat. Cac muc tiéu cu thé can dat duoc cua dé
tai la:

- Chuyén ddi cong niang von ¢ clia cam bién Kinect thanh mot may quét hinh gia ré
hon rat nhiéu so voi cac may quét hinh 3D cong nghiép dé thuc hién qua trinh 1y mau
mom cut.

- Thyc hién viéc s6 hoa toan bod thong sb vé kich thudc va hinh dang cua chi khuyét tat
tur do tao ra chi gia phu hop hon cho nguoi str dung.

- Xur 1y dit liéu quét va thiét ké duge 6 mom cut phu hop nhat véi mém cut cia bénh
nhan.

- M6 phong sé qué trinh tuong tac giita 6 mom cut va mom cut nham muc dich tai hién
chi tiét cac luc tic dong, ap suat phan bd, ciing nhu cac bién dang xay ra tai bé mit
tiép xuc gitra 6 mom cut (socket) va mom cut (stump). Viéc mod phong nay khong chi
gitip danh gia sy phit hop va thoai mai ciia 6 mém cut ma con hd tro toi wu hoa thiét
ké, dam bao phan b lyc déng déu va giam thiéu nguy co gay dau hoic ton thwong cho
nguoi st dung.

- Thuc hién duge viée ché tao 6 mom cut béng cong nghé in 3D.
4. Cach tiép can

- Str dung céc thiét bi quét 3D gia ré nhu Microsoft Kinect dé s6 hoa hinh dang mém

cut, tao mo hinh k¥ thuét so chinh xac ctia vung mdém cut dé lam co s¢ thiét ke.



- Su dung phén mém CAD dé thiét ké mé hinh 6 mom cut véi cac dic diém tuy chinh
phu hop véi ting nguodi dung.

- Ap dung mé phong sb dé kiém tra cac yéu t6 nhu luc tac dong, do bén cua vat liéu,
va sy phan bd ap lyc trén 6 mém cut.

5. Phuwong phap nghién ciru

- Nghién ciru vé cac cong bd khoa hoc, cac tai liéu lién quan dén cong nghé ché tao tay
chan chan gia bang cong nghé quét hinh va cong nghé in 3D.

- Nghién ciru 1y thuyét va thuc nghiém vé co ché hoat dong ciia cam bién Kinect.

- Nghién ctru cdc phdn mém phuc vu cic qua trinh thu nhan dir liéu, xu 1y dit liéu, thiét

ké 3D 6 mom cut, tao chuong trinh gia céng in 3D

6. Pbi twong va pham vi nghién ciru

Péi tugng nghién ctru chinh cua dé tai ndy quy trinh ché tao 6 mom cut gia bang cong
nghé in 3D va cong nghé quét hinh 3D.

- Cac phuong phap mo phong phan tir hiru han twong tac gitta mom cut va 6 mom cut
Pham vi nghién ctru

- Cac phuong phép k¥ thuat s6 trong 14y mau mom cut va thiét ké 6 mom cut

- Nghién ctru va Iya chon vat liéu pht hop, quy trinh san xuat hiéu qua dé giam chi phi
nhung van dam bao chat lugng.

7. Noi dung nghién ciru

Chuong 1: Tong quan vé quy trinh ché tao 6 mém cut

1.1.Tong quan vé quy trinh ché tao 6 moém cut bang phuong phap truyén thong
1.2.Tong quan vé quy trinh ché tao 6 mém cut bang cac phwong phéap sd

Chuwong 2: Thiét ké 6 mém cut.

2.1. Quét hinh tao mau chi gia voi cam bién Kinect

2.2. Thiét ké 6 mom cut

Chuong 3: Mé phéng twong tac giira 6 mém cut va mém cut

3.1. Xay dung md hinh co y sinh 6 mém cut-Mom cut

3.2. Cac két qua mo phong

Chuong 4: Ché tao 6 mém cut

4.1. Nghién cuu, lya chon loai vat liu va thong s6 in 3D

4.2. Ché tao 6 mom cut



Chuwong 5: Két luan va hwéng phat trién



CHUONG 1: TONG QUAN VE QUY TRINH CHE TAO O MOM CUT
1.1. Tong quan vé quy trinh ché tao 6 mém cut bing phuwong phap truyén thong
Thiét ké 6 mom cut (phﬁn ndi vao mém cut- ph'ém con lai cia moét chi sau khi bi
phau thuat cat cut) 1a mot cong doan rat quan trong trong quy trinh thiét ké chan tay
gia. M&i 6 mom cut 1a mot bo phan duoc thiét ké riéng dé phu hop véi hinh dang cua

phan chi con lai cia bénh nhan (Hinh 1. 1).

Mom cut

O mom cut

/

Hinh 1. 1. Céc thanh phin cia chi gia
Do dic diém vé cAu tric va co hoc ciia mém cut, mdi & mém cut can duoc tuy

chinh riéng cho timg bénh nhan. Hién nay, quy trinh thiét ké va ché tao chua yéu 1a thu
cong, doi hoi nhidu cong stre, thong qua cac lan didu chinh lién tuc béi bac si chinh
hinh cho dén khi bénh nhan cam thiy hai 1ong qua cac budi thir nghiém. Qua trinh nay
chiu anh hudng boi hai yéu té chu quan: k¥ ning cua chuyén gia va y kién cia bénh
nhan. Quy trinh thiét ké va ché tao 6 mom cut truyén théng thudng trai qua cac bude
sau [11]:
Buéc 1: Chon 16p 16t va tao khuén am

- Chon l6p 16t phu hgp vai kich thude mom cut.

- Quén PVA, trat thach cao dé tao khudn am.
Budc 2: Tao khuon duong

- D6 thach cao vao khudn am.

- Tao khuén duong va dé kho.
Budc 3: Stra khuon duwong

- Bao hodc thém thach cao dé chinh hinh phu hop.

- Pam bao phan bd ap luc hop 1y.



Buéc 4: Lam 6 mém cut

- Quén vai peclon quanh khuén duong.

- D6 nhua, dung bom chan khong dé tao 6 ctng.
Buwéc 5: Hoan thién

- Cit, loai bo thach cao, danh dau va 1am nhén 6 gén.
Budc 6: Thir nghi¢m

- Liép 6 gin v6i bo phan gid, thir ding va di.

- Ghi nhan phan hdi ctia bénh nhan.

Buée 7: Chinh sira 6 mém cut

- Chinh hinh bang nhiét, cat got, thém dém néu can.

- Thu lai cho dén khi phu hop.

C6 thé thay rang phuong phap truyén théng st dung khudn thach cao dé tai tao
hinh dang chi con lai, két hop voi céac ky thuat ché tao thu cong dé tao ra 6 moém cut.
Céch 1am nay ton thoi gian, gay lang phi vat liéu va yéu ciu trinh d6 chuyén moén cao,
dan dén chi phi san xuit cac b phan gia ting dang ké.

1.2 Téng quan vé quy trinh ché tao 6 mém cut bang cic phuwong phap sb

Gan day, thi truong chi va nep chinh hinh toan cau da chung kién su gia ting nhanh
chong vé murc d6 quan tam ddi v6i cac ki thuat san xuat k¥ thuat s6. Nhimng k¥ thuat
nay da tao ra mot cudc cach mang trong linh vuc ché tao chi gia thong qua viéc giam
su phu thudc vao nguyén mau vit 1y, ha thap chi phi san xuét va rut ngan thoi gian ché
tao. Bang cach tich hop céng nghé quét hinh 3D véi in 3D, san xuit k§ thuat s6 d3 mo
ra nhitng kha ning méi trong viéc tao ra cac thiét ké chi gia mang tinh c4 nhan hoa,
dap tmg chinh xac nhu cu cy thé cua timg bénh nhéan [11], [12], [13], [14], [15], [16].
Viéc ap dung cong nghé in 3D trong ché tao chi gia duoc xem 1a mot giai phap hiéu
qua vé chi phi va thoi gian, ddng thoi tao diéu kién thuan loi cho san xuat hang loat
[17].

Nhiéu nghién ctru trude diy da tip trung vao tng dung san xuit ky thuat sb
trong thiét ké 6 mom cut. Cac nghién ctru nay thuong bat dau bang viéc quét mo hinh
3D ctia moém cut bang may quét 3D cam tay, cho phép thu nhan chinh x4c hinh hoc va
dic diém bé mit cuia mom cut [16], [18]. Dt li¢u quét sau d6 dugc nhdp vao phén

mém thiét ké hd tro boi may tinh (CAD) dé 1am co sé xay dung mé hinh 3D cua 6



mom cut. Cach tiép can nay cho phép ca nhan hoa thiét ké theo hinh dang giai phau
clia tirng bénh nhan, tir d6 nang cao mirc d6 thoai mai va chirc ning st dung. Khi thiét
ké s6 hoan tat, 6 mom cut dugc ché tao bi“mg cong nghé FDM (Fused Deposition
Modeling) trén may in 3D. Trong nghién ctru cua [19], may quét Artec Eva da duogc
lga chon nhu mot phuong phép dang tin cay dé thu nhan chinh xac hinh dang va thé
tich ctia mé hinh mom cut chi dudi. Cac nghién ciru [20], [21] cho thiy cac 6 mom cut
duoc ché tao bang cong nghé in 3D c¢6 kha ning dap Gmg cac yéu cau nghiém ngit theo
tiéu chuan thir nghiém ISO 10328 vé lyc tinh tic dong trong chu ky di bd. Piéu nay
cung cp bang ching ban dau cho thdy 6 mom cut in 3D c¢6 thé dugc sir dung an toan
cho bénh nhan, déng thoi 13 mot Iya chon thay thé dang tin cdy cho phuong phap san
xut truyén thong.

Marinopoulos va cong su [22] da phat trién mot b khung thir nghiém nguyén
mau tuan thu tiéu chuan ISO 10328, mb phdng cac diéu kién tai trong ma bénh nhan
cut chi trén xwong dui (supra-femoral) giai doan diu gap phai trong qua trinh di lai. Bo
khung thir nghiém nay cho phép tai tao chinh xéac cac luc tic dong 1én thiét bi chi gia,
tir d6 cung cap nén tang dang tin cdy dé danh gia do bén két ciu cua chung. Trong
nghién ctru ndy, nhom tac gia tdp trung vao thiét ké va ché tao 6 mom cut trén gbi
béng cong ngh¢ in 3D, st dung hai loai vat li¢u khac nhau 1a PLA (polylactic acid) va
nhua nylon gia cudng soi carbon , nhitng vat liéu duogc biét dén v6i do bén co hoc cao.
bé danh gia hi¢u suét cua cac vat li€u nay, cac mau 6 moém cut da dugc thu nghiém
dudi tai nén tinh bang khung thir nghiém méi phét trién. Mot mé hinh mém cut bang
cao su silicone, c6 dic tinh co hoc twong dong voi md ngudi duge sir dung dé mo
phong diéu kién sir dung thuc té. Qua nhiéu vong cai tién thiét ké, cac miu 6 mom cut
in 3D da thé hién kha nang chiu tai vuot trdi, chiu dugc lyc nén gép nam lan trong
lugng co thé ngudi st dung ma khong gip su cb két cau. Phat hién nay cho thay tiém
nang Ung dung cua vat liéu in 3D trong viéc ché tao 6 mom cut bén chéc va dang tin
cdy danh cho bénh nhi cut chi, mé ra huéng di day trién vong thay thé cho cac phuwong
phap san xudt truyén thong.

Mic du cac loi ich tiém ning cta san xuat k¥ thuat sb trong thiét ké 6 mom cut
1a rit 15 rang, chi phi cao lién quan dén phan cting va phan mém, dic biét 1a may quét
3D van la rdo can 16n, han ché kha nang tiép can cta cac trung tim chinh hinh & nhitng

khu vyc c¢6 nguon luc han ché. Chinh vi vay trong nghién ctru ndy, chung to61 dé xuat
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mot quy trinh thiét ké va ché tao 6 cim chan gia chi duéi véi chi phi thap, duge minh

hoa trong Hinh 1. 2.

[ Lay mau mém cyt béng cam ] [ T61 uu hoa thong s6 in FDM va ]
bién Kinect ché tao & mém cut

MESHMIXER

[ Phéan tich twong tac co

[Thiét ké mém cut ] ; i o
hoc mém cut- 6 mém cut /

sau khi xtr ly di¥ liéu quét

[ Tao mé hinh 3D ctia mém cut ]

Hinh 1. 2. Quy trinh thiét ké va ché tao 6 mém cut chi phi thip
Quy trinh nay tich hgp cac cong nghé hién dai nhu quét 3D, thiét ké co su hd tro cta
may tinh (CAD) va md phong phan tir hiru han (FEA) dé tao ra cac 6 cam chén gia
(socket) tiy chinh héa, mang lai sy vira vin va thoai mai tdi da cho ngudi dung.
Buéc 1: Thu thép dir li¢u hinh hoc mém cut bang cam bién Kinect

e Muc ti€u: Ghi lai chinh xac hinh dang 3D cua phé"ln chi con lai (mém cut) cua
bénh nhan.

o Thiét bi: Cam bién Microsoft Kinect Xbox One. bay 1a mot lya chon hi¢u qua
vé mit chi phi so v6i cac may quét 3D y té chuyén dung. Kinect st dung cong
nghé anh sang cdu trac (structured light) va camera hong ngoai dé do chiéu sau
va tai tao bé mit cua vat thé.

e Quy trinh thyc hién:

1. Bénh nhan duoc dit ¢ tu thé 6n dinh dé mom cut khong di chuyén trong
qua trinh quét.
2. Ky thuat vién s& di chuyén cam bién Kinect xung quanh mém cut mot

cach cham rdi va déu din, dam bao thu thap dir li€u tr moi goc do.
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3. Cam bién s& chiéu mot ludi tia héng ngoai vO hinh lén bé mat da.
Camera s€ ghi lai su bién dang cua ludi tia nay va phﬁn mém sé tinh toan
toa do (X, Y, Z) cua hang tri€u diém trén bé mat.

« Két qua: Dir liéu thu duoc 1a mot ddm may diém (point cloud) - mot tap hop
khong 10 cac diém trong khong gian ba chiéu, tai hién lai mot cach chi tiét va
chinh xac hinh dang bé mit cia mom cut.

Budc 2: Xt ly dir liéu quét va tai tao mo hinh 3D

« Muc tiéu: Chuyén dbéi dir liéu dam may diém tho thanh mot mé hinh luéi da
giac (polygon mesh) 3D kin, sach va c6 thé st dung duoc cho thiét ké.

« Phan mém: Autodesk Meshmixer duoc st dung vi tinh linh hoat va mién phi.

o Cac budc xu ly chinh:

1. Loai bo nhidu (Noise Reduction): Dit liéu quét thd thudng chira cac diém
nhiéu hodc cac phé‘m khong thudc vé& mom cut. Cac thuat toan s& duoc ap
dung dé loc va loai bo nhitng diém khong mong mudn nay.

2. Can chinh (Alignment): Néu qua trinh quét duoc thyc hién nhiéu lan tir
cac goc khac nhau, cac ddm may diém riéng 1é can duoc cin chinh va
hop nhat thanh mét.

3. Tao ludi (Meshing): Phan mém s& két ndi cac diém trong dam may diém
lai v&i nhau dé tao thanh mot mang ludi cac tam gidc nhd, hinh thanh bé
mat cia mo hinh 3D.

4. Lam min va va 16 hong (Smoothing & Hole Filling): Bé mit ludi c6 thé
con gd ghé hodc ¢ nhitng 16 hong do bi che khuat trong ltic quét. Cac
cong cu trong Meshmixer s& giup 1am min bé mit va va kin cac 15 hong
nay, tao ra m9t mo hinh 3D hoan chinh.

o Két qua: Mot file mo hinh 3D (thuong & dinh dang .STL hodc .OBJ) cia mém
cut, san sang cho budc thiét ké 6 cam.

Budc 3: Thiét ké 6 cim chan gia (Prosthetic Socket Design)

o Muc tiéu: Tao ra mot mo hinh & cdm 3D vira khit véi mom cut, d@)ng thoi phan
b ap luc hop 1y 1én cac ving chiu tai va giam ap luc & nhitng ving nhay cam.

« Quy trinh thiét ké:

1. M6 hinh 3D cia mém cuyt dugc nhdp vao mot phﬁn mém CAD

(Computer-Aided Design).
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2. Duya trén md hinh nay, ky su s€ tao mdt 16p vo bao quanh, chinh 1a b

cam. Qua trinh nay khong chi don gian la tao mét ban sao am ban.

« Két qua: Mot mo hinh CAD 3D hoan chinh ctia 6 cam chan gia, dugc tiy chinh

hoa hoan toan cho bénh nhan.

Budc 4: Phan tich tuong tic co hoc bang mo phong phan tir hitu han (FEA)

e Muc tiéu: Dy doéan va danh gia mot cach khoa hoc sy phan bd ap suét tai mat

tiép xuc gitra mom cut va 6 cidm khi bénh nhan dirng hodc di lai, trudc khi ché
tao san phém that.

Cong cu: Phin mém md phong k¥ thuat Abaqus, hoic cic module tich hop
trong phan mém CAD.

Quy trinh mo6 phéng:

1. Thiét 1ap m6 hinh: M6 hinh 3D cua mém cut va 6 cdm duoc nhdp vao

phén mém mé phong. Cac thudc tinh vat liéu thuc té (do dan hdi, do
cung cua da, co, xuong va vat li¢u lam b cém) duoc géan cho tung bo

phan.

. bat diéu kién bién: Céc lyc va rang budc dugc ap dung d€ mo phong cac

tinh huéng thuc té. Vi du, mot luc tuong duong véi trong luong co thé

bénh nhan dugc dit 1én mém cut dé gia lap tu thé ding yén.

. Chia lu6i (Meshing): Cac mé hinh dugc chia thanh hang ngan dén hang

triéu phan tir nho (hitu han). May tinh s& giai cac phuong trinh toan hoc

phtrc tap trén timg phan tir ndy.

. Phan tich va dién giai: Phan mém s& tinh toan va hién thi két qua duéi

dang ban d6 mau.

« Két qua: Dya vao két qua phan tich, nha thiét ké c6 thé quay lai Budc 3 dé tinh

chinh lai hinh dang 6 cam cho dén khi dat duoc su phan bd ap suit toi wu. Qua

trinh 1ap lai nay giGip giam thiéu rui ro va sb 1an tha-sai trén thuc té.

Budc 5: Ché tao 6 mom cut bang céng nghé in 3D FDM

Muc tiéu: San xuat vat 1y 6 cam tir mo hinh 3D d3 duoc t6i wu hoa.
Cong nghé: FDM (Fused Deposition Modeling) 1a céng nghé in 3D phd bién
nhat. My in s& dun noéng chay soi nhwa va dép ting 16p vat liéu chong 1én nhau

dé tao thanh vat thé.
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o Vat liéu: PLA (Polylactic Acid) thuong dugc chon cho céc phién ban thi
nghiém dau tién vi né d& in, gia ré va than thién v6i méi truong. Ddi voi cac
phién ban st dung cudi cung, cac vat liéu c6 do bén va déo dai cao hon nhu
PETG hodc TPU c6 thé dugce can nhic.

e Quy trinh in:

1. M6 hinh 6 cdm 3D (.STL) dugc xir Iy bang mdt phan mém cat 16p
(slicer) dé tao ra ma Iénh (G-code) cho may in.

2. May in 3D FDM s¢& doc ma 1énh va tién hanh qua trinh in, c6 thé mat vai
gio dén hon mot ngay tiy thudc vao kich thudc va do phic tap cia 6
cam.

o Két qua: Mot 6 cim chan gia vat 1y, sdn sang dé 1ap rap véi cac bd phan khac
ctia chan gia va cho bénh nhan thir nghiém. Néu can, c6 thé lap lai quy trinh dé

tao ra cac phién ban cai tién hon.
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CHUONG 2 : THIET KE O MOM CUT
2.1. Quét hinh tao miu chi gia v6i cam bién Kinect
2.1.1. Giéi thi¢u vé cam bién Kinect

Kinect 1a mot thiét bi cam bién chuyén dong mang tinh cach mang do Microsoft
phat trién, ban dau dugc thiét ké nhu mot phu kién cho hé mdy choi game Xbox 360
va sau do 1a Xbox One. Vuot ra khéi vai tro trong nganh codng nghié¢p game, Kinect da
nhanh chéng tr¢ thanh mot cong cu manh mé trong nhiéu linh vyc nghién ciru va tng
dung nh¢ kha nang hoat dong nhu mét giao dién ngudi-may ty nhién (Natural User
Interface - NUI). Thay vi str dung céc thiét bi diéu khién truyén thdng, nguoi ding co
thé twong tac v6i may tinh hodc cac hé thong ki thuat s6 thong qua chinh cir chi, giong
n6i va chuyén dong ctia co thé minh. Thiét bi thuong dugce dit ¢ phia trén hodc dudi
man hinh, twong ty nhu mdt webcam nhung dugc trang bi cong nghé phtrc tap hon rat
nhiéu. Cam bién Kinect, nhu dugc thé hién trong Hinh 2. 1, c6 nhiéu wu diém trong
viéc do do siu va mau sic déng thoi & tée do video so véi cac loai may quét 3D khac

va dugce st dung nhu mot may quét gia ré trong nhidu ing dung [20], [21], [22].

Bo phat Cam bién
hong ngoai mau sac

Cam bién do sau

Pong co
nghiéng

Day Microphone

Hinh 2. 1. Céu tao ciia cim bién Kinect Xbox One

e Camera mau RGB nhu mét camera thong thuong, c6 d6 phan giai 640x480.

e Cam bién d6 sau: d6 siu duoc thu vé nho su két hop cua 2 cam bién- dén
chiéu hong ngoai (IR Projector) va camera hong ngoai (IR camera)

e Diy microphone gém 4 microphone duoc bd tri doc Kinect ding vao céc
mg dung diéu khién bang giong noi.

e Dong co diéu khién goc nghién cho phép diéu chinh camera 1én xudng dé

dat goc nhin theo mong mudn.
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Cam bién d6 sau cua Kinect sit dung bd phat héng ngoai (IR) va camera IR, dua
trén cong nghé Light Coding tir PrimeSense. Bo phat IR chiéu chum sang hong ngoai
qua ludi nhiéu xa, tao dém sang ¢6 dinh, duogc camera IR chup va xur ly béi chip
PS1080 SoC dé tao ban d6 d6 sau thong qua cac phép toan hinh hoc. Dir liéu do sau,
mau sic va 4m thanh duoc thu thap, xir Iy boi chip PS1080 (12MHz) va truyén qua
USB 2.0. Dt liéu d¢ sau giup phan biét vat thé dya trén vi tri, don gian hon so véi xur
Iy anh thong thudng dwa vao mau sic. Camera RGB ghi nhin ba mau co ban (d6, xanh
la, xanh duong), két hop voi cam bién do sau tao anh RGB-D (640x480 pixel, 30
khung hinh/gidy). Kinect hoat dong hi¢u qua trong khoang céach 1,2-3,5 m (Xbox), md&
rong 0,7—6 m, vdi goc nhin 57° ngang, 43° doc, va truc co gidi nghiéng +£27°. Bo phan
giai dat hon 1,3 mm/pixel & khoang cach 0,8 m. Vi nhitng wu diém nay, Kinect phu
hop dé chuyén d6i thanh may quét hinh gia reé.

2.1.2. Thu thap va xir ly dir liéu mém cut tir Kinect

Quét hinh 3D 1a mot ky thuat cho phép chuyén d6i hinh hoc ctia mot ddi tuong
vat 1y thanh mot ddm may diém ba chiéu & dang s6 hoa. Hién nay, c6 nhiéu phuong
phép khac nhau dé thuc hién viéc quét 3D. Mot trong cac phuong phap phd bién 14 st
dung tia laser quét qua bé mit vat thé va do sy bién dang cua 4nh sang phan xa dé thu
thap dir liéu hinh hoc. Mot phuong phap khéc 1a sir dung k¥ thuat chup anh lién tiép tir
nhiéu goc d6 khac nhau, sau d6 tai tao mé hinh 3D théng qua phdn mém xur 1y anh.
Trong nghién ctru nay, nhém tac gia lya chon phuong phap quét hinh hoc sir dung cam
bién Kinect két hop véi phadn mém hd trg nhim thu nhan dir liéu 3D caa phéan chi con
lai (mém cut). Trong qua trinh khao sat, nhém nghién ctru di thir nghiém nhiéu phan
mém khac nhau nhu Skanect, Shapify, 3D Scan, va ReconstructMe dé danh gia kha
nang thu thap dit liéu tir cam bién Kinect. Qua qua trinh danh gia, phan mém 3D Scan
cho thiy hiéu qua cao hon khi sir dung véi thiét bi Kinect Xbox One, dic biét vé tinh
tuong thich, d6 6n dinh va chat luong dit liéu thu duoc. Phin mém 3D Scan la mot
phan mém mién phi, c6 thé tai truc tiép tir Microsoft Store va dugc cong dong ngudi
dung hd tro rong rai. Giao dién phin mém than thién va quy trinh vn hanh don gian,
giup ngudi dung dé dang thuc hién viéc quét 3D véi chat lugng chép nhan dugc trong

cac ung dung y sinh.
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DAu tién, chung ta can két ndi Kinect véi may tinh thuc hién viéc chuyén doi
Kinect thanh may quét 3D va thyc hién viéc thu nhan dit liu quét théng qua phan
mém mai ngudén mé 3D Scan (Hinh 2. 2). Bé ¢6 thé str dung dugc Kinect trén cic may
tinh str dung hé diéu hanh Window ta phai cai dat phan mém Kinect for Windows SDK
2.0 trude khi thue hién viée két nbi. Tiép dén, chung ta sé tién hanh quét hinh mom cut
va thu nhan dir li¢u quét dugc thuc hién br?mg su két hop gitra cam bién Kinect va phén
mém 3D Scan. Trong nghién ctru nidy nhom sé& sir dung phuong phap giit nguyén doi
tuong va di chuyén Kinect xung quanh d6i tuong day 1a phuong phap dé thuc hién
nhét va co tinh linh hoat cao hon. Cac dir liéu quét hinh dugc thu nhan va hién thi qua

phan mém 3D Scan.

Xbox One

Phan mém 3D SCAN

PC

D{ liéu quét hinh mom cut
Hinh 2. 2. Két ndi phin cting va phan mém cho qua trinh quét hinh

2.1.3. Xir ly dir li€u quét

Dit liéu hinh hoc ban dau cia mém cut dwoc thu thap thong qua cam bién Microsoft
Kinect, mot thiét bi quét 3D quang hoc. Dit li¢u tho thu dugce c6 dang 1a mot dam may
diém (point cloud), tirc 1a mot tdp hop hang triéu diém dir liéu riéng 1¢ trong khong
gian ba chiéu, dugc ghi lai va tai tao so bo bang phan mém chuyén dung nhu 3D Scan.
Mic du cong nghé quét 3D hién dai c6 kha ning ghi lai hinh dang tong thé mot cach
nhanh chéng, dir liéu tho nay khong thé sir dung truc tiép cho viéc thiét ké va mo
phong. N6 thuong chira nhiéu loai sai sot va nhiéu (noise) do cac yéu t6 nhu su rung
dong nhoé cua bénh nhan, phan xa bé mat da khong dong déu, hodc cic ving bj che

khuét trong qué trinh quét.
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Do do, sau khi quét, dit liéu phai trai qua mot giai doan hau xur 1y va tinh chinh.
Pay 1a mot bude cuc ky quan trong nhim ning cao chit lugng mé hinh s, loai bo cac
16i hinh hoc va dam bao mé hinh tai tao lai hinh dang mém cut mot cach trung thuc
nhat. Giai doan nay bao gém viéc 1am sach cac phan tir du thira, lam min cac bé mat
g0 ghé, va quan trong nhat 1a xir 1y cac ving dir liéu bi thiéu.

« Lap day 16 va tai tao dit liéu thiéu

Do hinh hoc phtrc tap cua mém cut, mot s6 khu vuc c6 thé bi quét khong déy
du, dan dén cac 16 hodc khoang tréng trén ludi. K thudt va 18 ty dong va tha cong
duoc ap dung: tu dong cho cac khoang trong nho, con thii cong cho cac ving 16n, dam
bao tinh lién tuc cta ludi. Qua trinh nay duoc thyc hién trén phin mém Meshmixer.
Meshmixer 1a mot phan mém dung hinh 3D cho phép ngudi dung thao tac thém, bét,
lam min, ghép va hop nhét cac mo hinh 3D dé tao ra mot md hinh 3D méi mét cach
nhanh chéng. Day 1a mot phan mém mién phi dugc phat trién boi Autodesk cho phép
hiéu chinh file scan 3D. N6 ¢6 thé doc nhiéu loai tep 3D chéng han nhu STL, OBI,
PLY, AMF,3MF,.... va dinh dang thanh file MIX. Qu4 trinh vé 16 trong Meshmixer
duge thuc hién két hop ca hai phuong phép:

V4 16 ty dong: Cac thuat toan cua phﬁn mém s& tu dong phat hién va lép dﬁy
cac 16 héng c6 kich thudc nho mdt cach nhanh chong, dua trén hinh dang cua céc bé
mit 1an can dé dam bao tinh lién tuc va do cong tu nhién.

Tai tao thu cong: Pdi v6i cac ving dit lidu bi thiéu 16n hodc c6 hinh dang phtic
tap, k¥ thudt vién can can thiép thi cong. Ho s& sir dung cic cong cu diéu khic ki
thuat so (digital sculpting) dé "ndn" va tai tao lai phan bé mit bi thiéu, dua trén kinh
nghiém va su hiéu biét vé giai phau hoc dé dam bao hinh dang dugc phuc dung mdt
cach chinh xac nhat.

Ngoai ra, kiém tra va chinh sta thu cong dugc thuc hién dé dam bao do chinh
xé4c giai phau, vi sai 1éch nho trong ludi ¢6 thé anh hudng dén do vira vin va thoai méi
cua chan gia.

« Xuét dit liéu cho xtr ly CAD

Sau khi hoan thanh budc tinh chinh dir liéu quét, mé hinh quét dugc kiém tra do
chinh xé4c kich thuéc va tinh dung din giai phdu. M6 hinh sau dé duoc chuyén dbi
thanh dinh dang tép 3D tuong thich (STL hodc OBJ) dé tich hop vao phan mém CAD
cho thiét ké 6 chan gia (Hinh 2. 3).
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Hinh 2. 3. M6 hinh mém cut sau khi chinh sira: a) Géc nhin phia truéc; b) Goc
nhin bén canh.

2.2. Thiét ké 6 mém cut

2.2.1. Cac nguyén tic thiét ké

Thiét ké 6 moém cut phy thudc vao hinh dang va kich thuéc ciia méom cut, dua trén dir
liéu tir cam bién Kinect sau khi xtr Iy. Phan mém Meshmixer khong chi xtr 1y dit liéu
tir Kinect ma con hd tro thiét ké 6 mom cut truc tiép tu dit liéu nay, loai bo nhu cau
chuyén d6i phan mém hoic dinh dang file. Mot wu diém ndi bat 1a kha nang chinh sira
mo hinh 3D ma khéng cin quan tdm dén cdu tric lién két 3D, cung véi tinh ning két
nbi, cho phép tich hop d& dang cac m6 hinh 3D. Sau khi thu thap dit liéu mom cut,
nhom st dung dir liéu quét tir Kinect dé thiét ké 6 mom cut gia, dam bao kich thudc va
hinh dang khdp chinh xac voi mom cut thyc té. Dé thiét ké 6 chan gia chinh xéc, cac
s6 do dic thu cua bénh nhén 14 rat can thiét. So d nhan tric hoc, nhu duge thé hién
trong Hinh 2. 4, cung cip cac diém dit liéu quan trong cho thiét ké 6 chan gia. Cac sd

do chinh bao goém:

. Chiéu cao (H): Chiéu cao do dugc ctia bénh nhan.
. Chiéu cao xuong dui (TRH): Chiéu cao xuong dui trén chan ddi dién.
. Chiéu dai chi con lai (RL): Chiéu dai cua chi con lai sau cat cut.

. Chiéu cao khép gbi (KH): Chiéu cao khép gbi ¢ phia dbi dién co thé.

. Chiéu cao dinh cui (TH): Chiéu cao dinh cta chi con lai.

. Chiéu dai dui (TL): Chiéu dai phan dui trén khép gbi (d6i véi ngudi cét cut
duéi gbi - TT).
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. Khodang cach tir khdp gdi dén dinh cui (KS): Khoang cach tir dinh chi con lai

dén khop gdi d6i dién. Qua trinh tinh toan nhu sau (Phuong trinh 1):

KS =RL-TL [mm] (1)
Ngoai ra, kich thudc cua 6 mom cut chju anh huong tir kich thudce cac thanh

phan chan gia (Hinh 2. 5). Cac thanh phan nay thuong dugc san xuat san va co thé

mua tir cic nha cung cap chan gia.

CAu tao ctia mdt chan gia phd bién gdm céc thanh phan sau:

« Pia 1 truc: Thanh phan cdu trac cung cip hd trg xoay va két ndi giita cac bd phan,

dugc lam tir vat liéu hiéu suét cao dé dam bao do bén va on dinh.

« BO chuyén dbi dia: BO chuyén dbi cung cap giao dién an toan cho dia.

« Ong: Cho phép tuy chinh d¢ dai va goc dé dap tng nhu ciu ca nhén.

« Lop 16t (Liner): Lop bao vé dat giira chi con lai va 6 chan gia, ting su thoai mai va

dém. Lop 1ot giam ma sat, han ché chuyén dong, cai thién do viura van, tham my va

hiéu suét tong thé cua chan gia. Kich thudc cua 16p 16t Ossur Icecross® Sleeve duge

thé hién trong Hinh 2. 5.

« O mém cut (Socket): Bugc thiét ké linh hoat dé dam bao d6 vira vin, thoai mai va on

dinh khi di chuyén. P& phu hop véi do nhay ap luc cta bé mit dudi cui, day 6 can

dugc dat xa hon so voi dau xa ciia cti. Cau trac 6 ciing phai cho phép gian dé dang cac

bd chuyén ddi vao mo-dun dng (Hinh 2. 5).

Y ]

Hinh 2. 4. So dd s6 do nhén tric hoc dwec sir dung dé thiét ké chan gia dwdéi diu
g6i [23]
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Str dung cac thong sb tir md-dun ban chan va éng, khoang cach 6 mom cut chi
can thiét c6 thé duoc tinh toan trong phan mém CAD. Dé phu hop véi 16p 16t phan
cach giita cut chi va 6 cam, can dam bao c6 du khe ho trong qua trinh thiét ké 6 cam.

bJ day cua 6 cam cut chi duge xé4c dinh boi cong thtrc 2, nhu dugc dé cap trong [24]:

Dé day 6 mém cut [mm] = trong lwong bénh nhan [kg]/20 (2)
- 4.4mm
’ ig 5.5 mm
(K{(-.f Liner

_ Socket b) Iceross®

SOCKET o
MODULE \‘

TUBE | _J
MODULE | ™)
b ; _~— Foot joint
— — . Prosthetic feet
FOOT ) e —
i t
(S =

Latch lock Sleeve liner
" t-axis disk

———__Adapter catches disk |
—— Tube

Prosthetic socket

)

Hinh 2. 5. Céu tric ciia chan gia duwéi diu gbi: a) Cac md-dun cia chin gia; b) Ong 16t;

¢) Lién két giira mé-dun 6 cim va mo-dun ng [23].
2.2.2. Quy trinh thiét ké trén Meshmixer

Céc budc trong giai doan thiét ké dugc minh hoa trong Hinh 2. 6:

Buwéc 1: Xac dinh ving tiép xtic ciia 6 moém cut dua trén cac ving chiu ap luc va nhay
cam véi ap luc. Bé mit bén trong cua 6 cdm duge thé hién trong Hinh 2. 6. PBay la
budc quan trong va mang tinh quyét dinh nhét, bién moét mé hinh 3D thé thanh mot
giao di¢n chirc nang. Dya trén kién thtrc giai phau, bé mat bén trong cua b mém cut,
von 14 ban sao 4m ban ciia mém cut, s& dugc chinh sira mot cach ¢ chu dich. Cu thé:

- Tao ving giam tai (Reliefs): Nguoi thiét ké s& lam cho bé mit 6 cdm 16m vao mot
chut tai cac vi tri twong Ung véi ving nhay cam véi 4p luc, chang han nhu dau xuong
chay, ddu xuong méc, va cac mom xuong 16i. Viéc nay tao ra mot khoang tréng nho,
ngin chin sy tiép xtc truc tiép va ap luc cao 1én cac ving d& ton thuong.

- Tao vung ti dé¢ (Buildups): Nguoc lai, bé mit s& dugc 1am 16i ra dé tao ap luc nén cé

kiém soat 1én cac vung chiu lyc tot, dién hinh nhit 1a ving gan banh ché (Patellar
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Tendon). Thao tac nay gitip truyén phan 16n trong luong co thé qua nhitng ving mo
mém khoe manh, c¢6 kha nang chiu tai.

Buéc 2: Do ¢6 16p 16t phan cach giita 6 mom cut va cut chi, dudng kinh bén trong cia
6 mom cut can dugc tang 1én dé phu hop véi d6 day cua 16p 16t.

Hau hét bénh nhan déu st dung mdt 16p 16t (liner) béng vat liéu mém (silicon,
TPE) dé ting sy ém 4i va bao vé da. Do d6, 6 moém cut cimg bén ngoai can co6 kich
thude 16n hon mot chut dé chira ca mom cut va 16p 16t ndy. Trong budc nay, toan bd
bé mit bén trong cta 6 cim (dd duoc chinh stra & Bude 1) sé& duge dich chuyén ra
ngoai (offset) mot khoang cach dong déu, chinh xac bing vai d6 day cua 16p 16t duoc
stt dung. Thao tac hinh hoc nay dam bao riang khi c6 16p 16t, mém cut van dugc 6m
khit theo dung hinh dang y sinh da duoc thiét ké.

Budce 3: Xac dinh khoang cach bé mit bén trong can thiét tai dau xa ctia 6 mom cut dé
phut hop véi cac mo-dun cua chén gia (ban chan, éng, v.v.).

Phan day (d4u xa) ciia 6 mom cut khong chi 13 diém két thuc ma con 13 mot
giao dién két ndi co khi quan trong. N6 phai duogc thiét ké dé co thé 1ap rap mot cach
chic chin véi cac bo phan tiéu chuan khac cia chan gia nhu 6ng ndi (pylon), khép nbi
(adapter) va ban chan (prosthetic foot). Budc nay bao gdm viéc:

- Tao mot bé mat phéng o day 6 cam.

- X4c dinh vi tri va kich thude cua céc 16 bat vit hodic cac ciu tric ga lép, thuong la
theo mot tiéu chuan cong nghiép (vi du: thap 4 15 - pyramid adapter), dé dam béo tinh
tuong thich va an toan cho toan bd hé thong chan gia.

Buéc 4: Ap dung cong thirc (2) dé xac dinh d6 day 6 mom cuyt can thiét dua trén trong
lugng ciia bénh nhan. Do day, dua trén cac tinh toan trudc do, duoc diéu chinh dé tao
ra 6 mém cut hoan chinh.

Do day cua thanh 6 cam quyét dinh dén do bén va trong lwong ciia san pham.
Mot thanh qua méng cé thé bi nat, gdy khi chiu tai, trong khi mot thanh qua day sé
lam tang trong lugng khong can thiét, gy mét moi cho ngudi dung.

Trong budc ndy, cong thire (2), von duoc xdy dung dua trén cac nguyén tic k§
thuat va dit liéu thuc nghiém, duoc ap dung dé tinh toan do day tdi thiéu can thiét cta
thanh 6 cdm dua trén trong luong cua bénh nhan. D6 day nay dam bao rang 6 cdm co
du kha nang chiu dugc cac tai trong tinh va dong trong qua trinh sir dung hang ngay.

Sau khi c6 duoc gia tri d§ day yéu cau, né s& duge ap dung cho md hinh, két hop véi
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cac bé mat da thiét ké & cac budc truede dé tao ra mo hinh 3D hoan chinh ciia 6 mém
cut, san sang cho viéc md phdng hoac san xuat.

A
! |
vy

BUGC 4 BUGC 3
Hinh 2. 6. Quy trinh thiét ké 6 mém cut tir dir liéu quét hinh




23

CHUONG 3: MO PHONG TUONG TAC GIUA O MOM CUT VA MOM CUT

3.1 X4y duwng md hinh co'y sinh 6 mém cut-mém cut

Qua trinh xay dung mot mo hinh co y sinh bang phuong phép phan tir hitu han (FEA)
1a mot cong viéc k¥ thuat doi héi sy chinh xéc va tinh hé¢ théng cao. Trong nghién ctru
nay, toan bd qua trinh tr viéc xay dung mé hinh, thiét 1ap phan tich cho dén truc quan
hoa két qua déu duoc thuc hién trong méi truong Abaqus/CAE (Complete Abaqus
Environment). Phan mém nay cung cép mot quy trinh [am viée cé cAu trac, duge thuc
hién mot cach tun tu qua cac module chirc ndng chinh.

Vi¢e tuan thu quy trinh theo tung module ndy khong chi mang tinh thu tuc ma
con dam bao tinh logic va toan ven cua dit lidu: mdi budc sau s& ké thira va xay dung
dua trén cac thong tin da dugc dinh nghia & budc trude. Cac cong vige dién hinh bao
gom cac module cbt 16 sau:

Buéc 1. Pinh nghia céc chi tiét

Budc dau tién trong quy trinh x4y dung mé hinh 13 nhap khau va dinh nghia hinh hoc
cho timg thanh phan riéng 1é. Cac mé hinh 3D ctia cic bo phén, von da dugc xu 1y,
tinh chinh va hoan thién trong phén mém Meshmixer, dugc nhap vao mdi truong
Abaqus/CAE dudi dang t¢p STEP (.stp, .step). Viéc lya chon dinh dang STEP 1a mot
quyét dinh k¥ thut quan trong, vi day 1a dinh dang trao d6i dir liéu CAD tiéu chuan,
c6 kha nang biéu dién hinh hoc duéi dang khdi ran (solid body) v6i d6 chinh xéc cao,
vuot troi hon cac dinh dang ludi (mesh) nhu STL, vbn c6 thé gdy ra sai sb trong cac
phan tich tiép xtc phirc tap.

Mo hinh co y sinh hoan chinh duoc cdu thanh tir ba thanh phan chinh, mdi
thanh phan dong mot vai trd chic ning riéng biét trong hé thong:

- Mém cut (Residual Limb): Pay la thanh ph??m sinh hoc, dai dién cho phf?ln chi con lai
ctia bénh nhan. Hinh dang giai phdu chinh x4c cta chi tiét nay 1a nén tang cta toan bo
moé phong, vi né quyét dinh sy phan bd ap sudt bé mit — yéu td then chét anh huong
dén sy thoai mai ctia ngudi dung.

- Lop 16t (Liner): Chi tiét nay dong vai tro 1a 16p giao dién mém, dan hoi, nam giira bé
mat da nhay cadm ciia mém cut va 6 moém cut bén ngoai. Chirc ndng chinh cua 16p 16t
la dém, giam sbc, phan bd déu ap sudt va giam thiéu cac lyc ma sat truot c6 thé giy

ton thuong da.
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- O moém cut (Socket): Bay la b phan két cAu chiu luc chinh cua toan b hé théng. No
¢6 nhiém vu truyén tai toan bo trong luong co thé va cac lyc dong phat sinh trong qua
trinh di chuyén tir mom cut dén cac thanh phan khac ctia chan gia (6ng ndi, ban chan).
Mot khai bédo co ban va cuc ky quan trong trong budc nay 13 tit ca ba thanh
phan trén déu duoc dinh nghia 1a cac chi tiét 3D co thé bién dang (3D Deformable).
Khai bao nay cho phép bd giai (solver) ctia Abaqus tinh toan duoc su thay ddi hinh
dang, tmg suit va bién dang bén trong cua ting chi tiét khi chiing chiu tac dung cua tai
trong va tuong tac voi nhau. Néu khong c6 dinh nghia nay, cac chi tiét s& dugc coi 1a
vat ran tuyét ddi (rigid body) va cac két qua phan tich quan trong nhu ap suit tiép xuc
hay ung suat vat lidu sé khong thé duoc xac dinh.
Buéc 2. Gan thudc tinh vat liéu
bay 1a budc xac dinh va gan cac dac tinh vat li¢u cho tung chi tiét. Hé don vi dugce st
dung trong toan bd nghién ctru 1a SI (mm, N, s, tén).
- Vat liéu 6 moém cut (Socket Material): Vat liéu chinh dugc lya chon cho 6 mém cut
1a PLA (Polylactic Acid). Cac vat liéu khac nhu ABS va PETG ciing duoc dua vao dé
so sanh.

Bang 3. 1. Pic tinh co hoc ciia vat liéu 6 mém cut

A 1eA M6 dun Young E A Ay Mat do
Vat liéu (MPa) Hé so Poisson ( A n/mm?’)

PLA 3500 0.300 1.14x107°

ABS 2300 0.364 1.07x107°
PETG 2200 0.330 1.29x107°

- Vat liéu M6 mém (Soft Tissue Material): Trong nhiing ndm gan day, cac md hinh vat
li¢u tién tién hon nhu mo hinh siéu dan héi da dugc sur dung trong mo hinh hoa cac mo
mém sinh hoc. M6 mém ctia mom cut dugc mo hinh hoa bang moé hinh vat li¢u siéu

dan hdi Neo-Hookean. Céc thong sb ciia ham ning luong bién dang duogc xac dinh nhu

sau:

W=C(1-3)+(1/D)J - 1)
Ci0=6.2 kPa
D) = 1.62 MPa™

- Vat liéu Lép 16t (Liner Material): Lop 16t duge mo hinh hoa 1a vat liéu déng hudng

dan hoi tuyén tinh. Nghién ciru di khao sat bon loai vat liéu tiém niang cho 16p 16t.
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Béang 3. 2. Pic tinh co hoc cia vat liéu 16p 16t

Vit liu Mo dun dan HE 50 Mat do
T hoi E (MPa) Poisson (tan/mm?)
Silicone 0.384 0.4992 1.1x107°
TPE 0.144 0.4998 1.1x107°
Vii Polyester 900 0.30 1.37x107°
Vii 50% Polyester + 50% Cotton | 3000 0.36 1.37x107°

Budre 3. Lip rap md hinh

Céc d6i twong doc lap di duoc tao ra trong module Assembly. Cach tiép can nay cho
phép viéc chia ludi (meshing) duoc thuc hién truc tiép trén cum lap rap thay vi trén
ting chi tiét riéng 1¢, gitip qua trinh quan 1y va diéu chinh mé hinh tré nén hiéu qua
hon.

Buéc 4. Thiét 1ap bwéc phén tich

Mo phong duge thyc hién bang bo giai Abaqus/Explicit. Viéc lya chon gia s6 thoi gian
muc tiéu (Target Time Increment) 13 cuc ky quan trong, anh huéng dén do 6n dinh, do
chinh xéc va tdc do tinh toan. Trong nghién ctru nay, gia tri duoc chon 1 1x1075 gidy.
Budc 5. Chia lwéi phan tir hiru han

Chia lu¢i 1a qua trinh ro1 rac héa cac chi tiét hinh hoc c6 dang lién tuc thanh mot tap
hop céc phan tir hiru han (finite elements) c6 hinh dang don gian. Pay 14 budc nén
tang dé bo giai (solver) cia Abaqus c6 thé ap dung cic phuong trinh toan hoc dé tinh
toan 101 giai cho bai toan. Viéc lya chon loai ludi, kich thude va loai phén tir ¢O anh
huong truc tiép dén do chinh xac cia két qua va hiéu sut tinh toan.

- Loai Ludi: Ludi Tt Dién (Tetrahedral Mesh) Mesh Luéi tir dién dugce lya chon lam
phuong phép chia lugi chinh cho toan bd mé hinh. Uu diém vuot troi cua loai ludi nay
1a kha nang thich tmg tuyét voi v6i cac hinh hoc ¢6 do phiic tap cao. Dbi véi cac chi
tiét c6 hinh dang hitru co, cong va bat quy tdc nhu mém cut va 6 mém cut, thuét toan
chia luéi to dién tu dong c6 thé lap ddy thé tich mot cach d& dang va nhanh chong.
Diéu nay gitp tiét kiém dang ké thoi gian & giai doan tién xir Iy so véi viée cb ging
xdy dung mdt ludi hexahedral (Iuéi khoi 14p phuong) c6 céu tric, mot cong viée cuc
ky kho khin va tén thoi gian cho cac hinh dang dang nay.

- Kich thudc phén ti: 2.4 mm Kich thudc phﬁn tor khong dugc lua chon mot cach tuy

y. Gia tri 2.4 mm 1a két qua thu duoc sau khi thuc hién mot nghién ctru hoi tu ludi
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(mesh convergence study) mot cach bai ban. Qua trinh nay dam bao rang luéi di min
dé c6 thé ndm bat chinh x4c cic sy thay doi dot ngdt vé ung suit va ap suét
(stress/pressure gradients), dic biét 1a tai cac ving tiép xuc va cac goc canh phirc tap.
Viéce st dung kich thude nay dai dién cho diém céan béng tdi wu, noi két qua phan tich
da trd nén 6n dinh, khong con phu thude vao mat dg ludi, déng thoi tranh lang phi tai
nguyén tinh toan vao viéc 1am min ludi mot cach khong can thiét.

- Loai phﬁn tr: T« dién bac nhat C3D4

Toan bo céc chi tiét trong mod hinh (6 mom cut, 16p 16t, va mdédm cut) duogc chia ludi
bang cach sir dung loai phan tir C3D4. Pay 1a ky hiéu ctia Abaqus cho mdt phén tir ttr
dién 3D béc nhat c6 4 nat (4-node linear 3D tetrahedron). Lya chon phr?m tr bac nhat
(linear) gitip giam dang ké do phirc tap cua bai toan va yéu cau vé bd nhé so v6i phan
tir bac hai (quadratic). Pbi voi cac bai toan phan tich tiép xtic quy mé 16n nhu thé nay,
viéc su dung mot ludi du day dac gém cac ph?ln tir C3D4 duoc xem 1a mot chién luge
hiéu qua, cung cp su cin bang hop 1y giita hiéu sudt tinh toan va do chinh xac can
thiét dé danh gia dung sy phan bd 4p suat va trang thai ung suét tong thé trong mo
hinh.

3¢ Global Seeds x
Sizing Controls
Approximate global size: (]
4 Curvature control

Maximum deviation factor (0.0 < h/L < 1.00: | 0.1
(Approximate number of elemnents per circle: B)

Minimum size control

(®) By fraction of global size (00 < min < 1.0} | 01

() By absolute value (0.0 < min < global size} 0124

oK Defaults Cancel

Hinh 3. 1. Chia lw6i phan tir hiru han cho cic mé hinh
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Budrc 6. Pinh nghia twong tic giira cic bé mit
Céc tuong tac giita cac bé mat duoc dinh nghia dé mé phong chinh xac diéu kién lam
viéc thuc té.
e Rang budc (Constraints):
o Tie (Gin két): Hai rang bugc Tie dugc thiét lap dé gén két tAm trén véi
moém cut va tim dudi véi 6 mom cut, gitp don gidn héa mé hinh.
o Rigid Body (Vit rin tuyét d6i): TAm trén va tim dudi dugc dinh nghia
1a vat rin tuyét ddi dé dam bao chung khong bi bién dang, gitp viéc dat

tai va diéu kién bién duoc ki€ém soat.

Y
w Lo

Name Type |
("4l BottomPlate Rigid body

+'  BottomPlate-Socket Tie
+" TopPlate Rigid body
+" TopPlate-Stump Tie

Create... Edit... Copy... Rename... Delete... Dismiss

Hinh 3. 2. Gin céc rang budc cho mé hinh mé phéng
« Tuong tac tiép xiic (Contact): Tuong tac Surface-to-Surface duoc dinh nghia
cho hai cap bé mat quan trong: moém cut/16p 16t va 16p 16t/6 mém cut.
o Hanh vi tiép tuyén (Tangential Behavior): St dung mé hinh ma sat
Penalty voi hé s6 ma sat p = 0.5. M6 hinh nay cho phép mot luong
trugt nho gitia hai bé mit, mo phoéng gz‘in v6i thuce té hon.
o Hanh vi phap tuyén (Normal Behavior): Sir dung tuong tac "Hard"
Contact, gitip ngin chin sy xuyén thau giita cac bé miat va khong cho
phép truyén tmg suat kéo qua giao dién tiép xtic.
Buéc 7. Thiét 1ap tai trong va diu kién bién
Céc diéu kién dugc ap dung dé mé phong trang thai dimg yén cua ngudi st dung.
« Diéu kién bién (Boundary Conditions): TAm dudi duoc ngam cing hoan toan
(ENCASTRE), twong duong voi viée chan gia ding vimng trén mat dat.
« Tai trong (Load): Mot tai trong nén twong dwong 1/2 trong luong co thé

(~300N) duoc dat 1én mat trén cuia moém cut.
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2= Edit Boundary Condition x
Mame:  Fixx

Type:  Symmetry/Antisymmetry/Encastre

Step: Initial

Region: Set-14 [3

CSYS: (Globald [3 A

() XSYMM (U1= UR2 = UR3 = D)

(O ¥YSYMM (U2 = UR1 = UR2=0)

(O Z5YMM (U3 = UR1 = UR2 = D)

() XASYMM (U2 = U3 = URT = D¢ Abaqus/Standard only)
() YASYMM (UT= U3 =URZ =10 Abaqus/Standard only)
(O ZASYMM (U1=U2=UR3=0: Abaqus/Standard only)
(O PINNED (UT=U2=U3=0)

(®) ENCASTRE (U1 = U2=U3=UR1=UR2=UR3=0)

QK [ C,ance.l |

Hinh 3. 3. Thiét lap diéu kién bién
Buéc 8. Tao va quén ly phan tich
Module Job duogc su dung dé tao tac vu phan tich, gui dén bo giai (solver) va theo doi
tién trinh. Cac trang thai cta cong viéc bao gom Submitted (D3 guri), Running (Dang
chay), Completed (Hoan thanh) hodc Aborted (Bi huy). Sau khi cong viéc hoan thanh,
két qua s& dugc phén tich va hién thi trong module Visualization.
3.2. Cac két qua md phéng
3.2.1. Khdo sat sy hoi tu cia luéi

Nghién ctru sy hdi tu cia ludi 1a mot budc xac thye md hinh co ban va thiét yéu
trong phéan tich phan tir hitu han. Muyc tiéu ciia qua trinh nay 1a xac dinh kich thudc
phan tir tdi wu, dam bao rang két qua mo phong khong con phu thudc vao mat do chia
ludi, tir d6 dat dwoc sy can bang hop 1y gitta do chinh xac ciia két qua va thoi gian tinh
toan can thiét. Mot ludi qua thd co thé cho ra két qua sai 1éch dang ké, trong khi mot
ludi qua min s& tiéu ton tai nguyén mdy tinh mot cach khong can thiét ma khong cai
thién dang ké do chinh xéc.

Qua trinh nay duogc thyc hién tap trung trén mo hinh mom cut, vi day la khu vuc
quan tam chinh, noi dién ra cac tuong tac phirc tap va dugc du doan s& c6 bién dang
cling nhu tap trung tng suat 16n nhat.

1. Thiét lap diéu kién bién va tai trong:

o MGt tai trong tinh c6 gid tri 300 N dugc dat 1én mat ct phia trén cua
mom cut, gia lap mot phan trong luong co thé tac dong 1én phan chi con

lai.
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o Toan bd bé mait day cua 6 mom cut duoc cb dinh hoan toan (ngam -
Encastre), ngan can moi chuyén Vi va xoay.

o Céc diéu kién bién va tai trong nay duoc giit khong d6i trong sudt qua
trinh khao sat dé dam bao rang moi thay ddi trong két qua chi xuat phat
tir sy thay doi cua kich thude ludi.

2. Lap lai phan tich voi cac kich thudc ludi khac nhau:

o Phén tich dugc bit dau véi mot kich thude ludi twong ddi tho.

o Sau mdi lan chay, mo hinh dugc chia lai ludi voi kich thude ph?m tor
trung binh ngay cang giam (ludi min dan). Qua trinh phan tich tinh dugc
lap lai v&i mdi mat d6 ludi méi.

Dé theo ddi sy hoi tu, mot dai luong quan trong dugc lya chon dé giam sat 1a ing
suit von Mises cuc dai. Cu thé, gia tri nay dugc ghi nhan tai vung kheo (popliteal
region) cua mom cut, noi co sy tiép xtic va ti dé 1on vé6i thanh sau cua 6 cam.

e Gia tri ing suét von Mises cuc dai tir mdi 1an chay mo phong dugc ghi lai va vé

1én d6 thi so véi sb lwong phan tir (hodc kich thudc phan tir).

e Qua trinh dugc coi la dat dén su hoi tu khi sy thay ddi phén tram cua gia tri ing

suét gitra hai lan lap lién tiép v6i luGi min dan tro nén khong déng ké (vi du,
nho hon mot ngudng cho phép nhu 1-2%).

o Tai diém hoi tu, dd thi s& ¢6 xu hudéng nam ngang, cho théy viéc tiép tuc lam

min lu6i khong con 1am thay doi két qua mot cach c6 ¥ nghia. Kich thude ludi

tai diém nay dugc chon 1a kich thudce tdi uu cho cac phan tich chi tiét sau nay.

Ung suat Von Mises (kPa)

32 2.8 2.6 2.4 2.2 2 4

Kich thwée lwéi

(¥ ]
o

Hinh 3. 4. M6i quan hé giira (ng suét va s6 lwong phan tir
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Bang 3. 3. Két qua cac 1an 1ip trong khao sat hdi tu lwéi

Lan 1ap Kigh co $5 S6 nit I'J'ng suat Sai s0 tl’l}h Thoi gian
phan ti | phan tir Von Mises | todn, % (Ung | CPU (s)
(mm) (kPa) suat Von
Mises)

1 3 310442 | 63566 35.7 18.49 14943 .3
2 2.8 347663 70978 43.8 14.45 16455.4
3 2.6 482550 | 99579 51.2 17.55 21907.2
4 2.4 495482 | 100086 62.1 1.74 26046.9
5 2.2 635144 | 126858 63.2 2.93 274753
6 2 690312 | 135342 61.4 - 37702.2

Két qua cho thdy, ludi hoi tu tai kich thudc phan tir 2.4 mm, twong tng vdi
495,482 phan tir. Tai diém nay, sai s6 tinh toan so vé6i lan lap tiép theo chi 1a 1.74%,
mot gia tri di nho dé co thé chap nhan. Do do, kich thudc ludi 2.4 mm dugc chon cho
tat ca cac phan tich sau hon. Bang 3. 3 trinh bay chi tiét cac lan lip cta qua trinh hoi tu
lu6i, bao gém kich thudc phan tir, sé luong phan tr va nit, ing suit Von Mises cao
nhit, phan trim sai s6 tinh toan, va thoi gian CPU. Hinh 3. 4 minh hoa méi quan hé
giita (mg suat va sd luong phan tir mot cach truc quan.

3.2.2. Twong tac truec tiép gitra mém cut va 6 mém cut (khong c6 16p 16t)

Giai doan ding yén dugc lya chon lam truong hop tai trong co ban dé danh gia hiéu
qua phan bd ap suit cia 6 mom cut. Trang thai nay dugc mod phong bang cach ap dung
mot Iuc nén tinh, théng ding co6 gia tri 300N 1én mat cit phia trén cia mé hinh mém
cut. Tai trong nay dai dién cho mot phan trong lugng co thé ngudi ding tac dong 1én
chi gia trong pha chiu lyc chinh khi dtng thang, trong khi phan day ctia 6 mom cut
dugc ngam ¢ dinh hoan toan dé tao ra mot bai toan tinh hoc 6n dinh.

Mot trong nhitng nguyén tic cbt 15i trong thiét ké 6 mom cut dudi gbi
(transtibial socket) 1a kiém so4t va phan bo ap suat mot cach co chi dich. Dya trén
kién thirc giai phau, cic ving c6 xuong 16i ra va it dugc bao boc bdi mdé mém dugce
xéac dinh 1a nhitng ving nhay cam véi ap luc (pressure-sensitive areas). Cu thé, dau
moém cut (distal end) va vung xuong banh ché (patellar region), cung véi cac vi tri
khac nhu ddu xwong mac va mao xuong chay, 1a nhitng khu vuc phai dugc bao vé

khoi 4p suét cao dé tranh gy dau don, ton thuong da va cac bién chung 1au dai. Dé dat
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dugc diéu nay, hinh dang cua 6 mom cut dugc thiét ké mdt cach co6 chu y véi cac
- ca e s A a Al ,

vung giam tai" (reliefs) — tirc 1a dugc lam 10m vao mot chut tai cac vi tri twong Gng
v6o1 viung nhay cdm. Pong thoi, 6 cam s& duoc tao hinh dé 6m sat va truyén tai phan
16mn lyc 1én céc "vung chiu luc tot" (pressure-tolerant areas), dién hinh la ving gan

banh che (patellar tendon) va cac ving co bap xung quanh.

' L

O mém cut PLA O moém cut ABS O moém cut PETG

CPRESS

+1.812e-01
- +1.661e-01

+1.510e-01
- +1.35%¢-01
- +1.208e-01
+1.057e-01
+9.058e-02
+7.548e-02
- +6.03%e-02
+4.529¢-02
+3.019e-02
+1.510e-02
+0.000e+00

Mat trude

Mat sau

Hinh 3. 5. Ap suit tiép xiic tai mém cut tng véi cac loai vat li¢u 6 mém cut khac nhau

Mo phong truc tiép gitta mom cut va cac loai 6 mom cut (PLA, ABS, va PETG)

ma bo qua 16p 16t da cho thay cac két qua sau:

« Ap suét tiép xuc (CPRESS): Pay 1a luc nén tic dong vudng goc 1én bé mat da cua

mom cut. Ap suit qua cao c6 thé gy dau, chén ép mach mau, 1am giam luu thong méau

va dan dén hoai tir moé mém. Viéc kiém soat va phan bd déu ap suat nay 1a yéu td quan

trong nhat dé dam bao sy thoai mai va sirc khoe cho nguoi sir dung. Két qua mo phong

cho thay gia tri 4p sut tiép xic cao nhét trén bé mit mom cut khi twong tac truc tiép

voi cac 6 mom cut c6 su khac biét khong déang ké gitra cdc vat liéu (Hinh 3. 5). Cu thé,

cac gia tri ap suét cuc dai ghi nhan duogc la:

-O mom cut PLA: 181.2 kPa

- O mém cut ABS: 180.7 kPa

- O mém cut PETG: 180.6 kPa

Céc khu vuc chiu 4p suét tiép xtc cao duoc xac dinh chu yéu & hai vi tri: ving sat voi

miéng 0 cam va khu vuc gan dau cudi cia mom cut.
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« Ung suét truot (CSHEAR): Pay la luc tic dong song song voi bé mit da, gdy ra boi
s ma st va dich chuyén twong ddi gitra mom cut va thanh 6 cam. Ung sut truot cao
c6 thé gay phong rop, trdy xudc da va cac ton thuong bé mit khac. CSHEARI va
CSHEAR? 14 hai thanh phéan ctia ing suat truot theo hai phuong vudng goc véi nhau
trén bé mat tiép xuc.

- Ung suét trugt CSHEAR1: Céc gi4 tri cuc dai lan lugt 1a 58.61 kPa (PLA), 58.51 kPa
(ABS) va 58.45 kPa (PETG). Vi tri tip trung tng suit cao nhat cia CSHEARI 1a &
viing khoeo (mit sau ctia moém cut), bao gdm khu vyc gan miéng 6 va gan dau mom
cut.

- Ung suit trugt CSHEAR2: Gia tri ing sudt trugt cao nhét theo phuong nay dugc ghi
nhan 1a 84.21 kPa (PLA), 83.87 kPa (ABS) va 83.8 kPa (PETG). Khong giéng nhu
CSHEARI, viing c6 gia tri CSHEAR2 cao lai phan b chil yéu ¢ mit ngoai ctia mém
cut.

« Ung suat Von Mises trong 6 mom cut: Day 1a mot chi sb tong hop thé hién mic do
"chiu dung" ctia vat liéu tai mot diém. Chi s6 nay khong tac dong truc tiép 1én nguoi
ding ma dung dé danh gia do bén cua chinh 6 mom cut. Néu tng suit Von Mises vuot
qué gidi han bén cua vt liéu (PLA, ABS, PETG), 6 cdm c6 thé bi bién dang vinh vién
hodc gay hdng trong qua trinh sir dung.

- Khi khong c6 16p 16t, Gmg sudt Von Mises 16n nhat trong két cdu cta cac 6 mom cut
1a 1.04 MPa d6i voi vat liéu PLA, 0.96 MPa dbi v6i ABS va 0.97 MPa ddi véi PETG.

CSHEARL
+5.861e-02
- +3.134e-02
+41.408e-02
+3.652e-02
- +2.955e-02
+2.229e-02
+1.505e-02

Mait sau

O mdém cut PLA O moém cut ABS O moém cut PETG
Hinh 3. 6. Ung suit trugt CSHEARI tai 6 mém cut wng véi cac loai vat liéu 6

mom cut khac nhau



CSHEAR2
+8.420c-02
+7.410e-02
+&. -02

2.692a-02
-3.702e-02

Mit trude

33

Mit sau ' ' '

O mém cut PLA

O mém cut ABS

O mém cut PETG

Hinh 3. 7. Ung suit truot CSHEAR?2 tai 6 mém cut wng véi cac loai vat li¢u 6

(Mg !s%]
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mom cut khac nhau

@€

PETG

Hinh 3. 8. Ung suét Von Mises trong cac 6 mém cut ¢6 vét liéu khac nhau (khong
16p lot)
Bang 3. 4. Két qua mo phéng tinh khong sir dung 16p 16t

Omém | Omém | O mém |Vi tri tip trung gia tri cao
Théng s6 phan tich | cut PLA | cut ABS | cut PETG nhit
Ap sudt Tiép xuc Sat dau 6 mom cut va gﬁn
(CPRESS) 181.2 kPa|180.7 kPa [180.6 kPa (dau mom cut
Vung kheo (mit sau), gan|

Ung suit Truot |1 diu 6 mom cut va gan dau
(CSHEAR1) 58.61 kPa [58.51 kPa|58.45 kPa mom cut
Ung sudt Trugt 2
(CSHEAR?2) 84.21 kPa [83.87 kPa |83.8 kPa  [B& mat phia ngoai mém cut
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Ung suat Von Mises
(trong 6 mom cut) 1.04 MPa [0.96 MPa [0.97 MPa [B& mit gin ddy 6 mom cut

Béang 3. 4 tom tat cac gia tri &p suit va ung suét cuc dai tai giao di¢n mém cut-6
cim va bén trong & cAm dbi voi ba loai vat lidu khac nhau: PLA, ABS va PETG. Két
qua cho thay khi khong c6 16p 10t, cac gia tri 4p suat va g suét truot tac dong lén
mom cut 14 rat 16n. Sy khac biét giira ba loai vat liéu 12 khong dang ké, cho thay ban
than vat liéu cimg khong giai quyét dugc van dé phan b ap luc. Cac ving mg suat tap
trung cao do cd nguy co gy ton thuong nghiém trong cho ngudi dung.

3.2.3. Twong tac tryec tiép giira mém cut va 6 mém cut (cé 16p 16t)

Sau khi d3 xac dinh duoc dic tinh co ban cua & mém cut bﬁng vat licu PLA, nghién
ctru duoc mo rong sang mot giai doan phan tich siu hon nham danh gia vai trd va anh
huong cua 16p 16t (liner) mot thanh phan quan trong dugc dit gitta mom cut va 6 mém
cut cing. Muc ti€u cia vi¢c mo phong nay la tim hiéu xem viéc st dung céac vat li¢u
16t khac nhau s& lam thay d6i sy phan bd 4p suét tiép xuc trén bé mit da cia mom cut
va trudng (mg suit von Mises phét sinh bén trong két ciu ctia 6 mom cut nhu thé nao.

Mo hinh phan tich dugc gilt nguyén vé mat hinh hoc ddi v6i mom cut va 6
mom cut PLA, nhung dugc bo sung thém mot 16p vat licu c6 do day xac dinh dé dai
dién cho 16p 16t. Phan tich sau d6 dugc lap lai nhiéu lan, trong d6 céac thudc tinh co
hoc cua 16p 1ot duoc thay ddi dé mo phong viéc st dung cac vat liéu thuc té khac
nhau. Céc vat liéu duoc lwa chon dé khao sat bao g6m mot phé da dang vé do cung va
dac tinh bé mat:

- Vat liéu dan héi (Elastomers):

- Silicon: Mot vat lidu tiéu chuan trong nganh chan tay gia, ndi tiéng véi kha ning
dém, giam sbc va do bén cao.

- TPE (Thermoplastic Elastomer): Mot giai phép thay thé linh hoat, ciing cung cap dic
tinh dém tét va dé gia cong.

- Polyester: Dai dién cho loai tat (sock) 16t mong, chil yéu dong vai tro giam ma sat va
thdm hat am.

- Hon hop 50% Polyester / 50% Cotton: Mot loai vat lidu dét phd bién khac, két hop

do bén cua Polyester va sy mém mai, thoang khi cua Cotton.
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Nghién ctru tap trung vao hai chi tiéu chinh dé danh gia hiéu qua ctia mdi loai
vat liéu 16t:
- Phan bd ap suit tiép xuc trén mom cut: Phan tich s& so sanh ban dd ap suat trén bé
mat mom cut, dac bi¢t chu y dén cac gia tri &p suat cuc dai va mirc do déng déu cua su
phan bo. Mot 16p 16t hiéu qua dugce ky vong s€ gidm thiéu cac dinh ap suét tai cac
vung nhay cam va phan bd tai trong ra mot dién tich rong hon, qua dé ning cao déng
ké sy thoai mai va giam nguy co ton thuong mé mém cho ngudi st dung.
- Ung suit von Mises trong 6 mom cut PLA: Viéc thém vao mot 16p vat lidu mém ¢
thé thay d6i cach thtrc truyén tai luc tir mom cut sang 6 cdm. Phén tich nay nham xac
dinh liéu vat liéu 16t c6 anh hudng dén d6 16n va sy phan bd cia Gmg suat bén trong
két cAu 6 cdm hay khong, tir d6 danh gié cac rui ro tiém an vé mat d6 bén va tudi tho
ctia san pham.
« Ap suét tiép xtic (CPRESS)
Sy xuét hién cua 16p 16t lam giam dang ké ap suit tiép xtic. Gid tri 4p suat cuc dai ghi
nhan dugc vadi cac loai 16p 16t nhu sau:
- Lop 16t Silicon: 42 kPa
- Lop 16t TPE: 47.7 kPa
- Lop 16t Polyester: 41.53 kPa
- Lop 16t hon hgp Polyester/Cotton: 43.83 kPa

Mit trude

Mat sau

Lép lot Silicon Lép lot TPE Ldp lot Polyester  Ldp lot S0PS0C

Hinh 3. 9. Ap suit tiép xiic tai mém cut ing véi cac loai 16p 16t khac nhau



Mit san I I ' '

Lép lot Silicon Lép lot TPE Lép lot Polyester  Lép lot S0P50C

Hinh 3. 10. Ung suit truot 1 tai bé mit moém cut tng véi cac loai 16p 16t khac

nhau

Mait sau

Lop lot Silicon Lop lot TPE Lop lot Polyester  Lép lot SOP50C
Hinh 3. 11. Ung suit trwot 2 tai bé mit mém cut ving voi cac loai 16p 16t khac

nhau
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Lép lot Silicone Lép lot TPE Lép 16t Polyester  Ldp 1ot 50P50C
Hinh 3. 12. Ung suat Von Mises trong 6 mém cut wng véi cac loai 16p 16t khac
nhau
Ap suét tiép xuc dugc phan bd gén nhu toan bo bé mat cua mom cut, tuy nhién, khu
vuc c6 4p suét cao nhat dugc ghi nhan tai ving gan xuong banh ché.
« Ung suit trugt (CSHEAR)
- Ung suat truot CSHEARI: Gia tri 16n nhit 1an luot 1a 19.07 kPa (Silicon), 20.22 kPa
(TPE), 10.91 kPa (Polyester) va 10.52 kPa (hon hop Polyester/Cotton). Twong tu nhu
truong hop khong ¢ 16p 16t, cac ving tng suat CSHEARI cao van tip trung chu yéu
0 mat sau (vung kheo).
- Ung suit trugt CSHEAR2: Céc gia tri cuc dai tuong tng 1a 20.45 kPa (Silicon),
20.61 kPa (TPE), 15.02 kPa (Polyester) va 14.95 kPa (hdn hop Polyester/Cotton). Khu
vuc co ung sudt CSHEAR? cao cling dugc xac dinh chu yéu tai bé mit phia ngoai cua
mom cut.
«Ung suat Von Mises trong 6 mom cut
Khi sir dung 16p 16t, tng suat Von Mises cao nhat trong 6 mom cut c6 su thay d6i ddng
ké tiy thudc vao vat lidu 16t. Cu thé, cac gia tri nay 1a 1.11 MPa v&i 16p 16t Silicon,
1.15 MPa vé6i TPE, 1.52 MPa véi Polyester va 1.07 MPa véi 16p 16t hon hop
Polyester/Cotton. Vung c6 gia tri ing suat Von Mises cao trong cac truong hop nay
déu tap trung & bé mat gan day ctia 6 mom cut.

Bang 3. 5. Két qua mé phong tinh cé sir dung 16p 16t

Théong sé phan|Lép lot{Lop  lot|Lop 16t|Lép  16t|Vi tri tap trung
tich Silicon TPE Polyester |S0P50C |gia tri cao nhit

Gan khu vuc
Ap sut tiép xuc xuwong banh

(CPRESS) 42 kPa 47.7kPa |41.53 kPa [43.83 kPa |[che.
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Ung suit trugt 1 Vung kheo (mat
(CSHEAR1) 19.07 kPa 20.22 kPa {1091 kPa [10.52 kPa |[sau).

Ung suét trugt 2 Bé mat phia'
(CSHEAR?2) 20.45 kPa 20.61 kPa [15.02kPa  [14.95 kPa [ngoai mom cut.

Ung sudt Von
Mises (trong 6 B mat gan ddy

mom cut) 1.11MPa  [1.15MPa |1.52MPa |1.07 MPa [6 mém cut.

Viéc str dung 16p 16t da cho thay hiéu qua vuot troi:
- Ap suét va tng suét truot giam manh: Ap suat tiép xac di giam khoang 75% so voi
truong hop khong c6 16t, gitip bao vé mé mém cia ngudi ding mot cach hiéu qua.
- Hiéu qua cua tung loai 16t: Lp 16t Polyester va hdn hop Polyester/Cotton cho thiy
kha ning giam tng suét truot tét nhat. Lp 10t Polyester ciing cho gia tri ap suat tiép
xtc thap nhat.
- Anh hudng dén d6 bén 6 mom cut: Mic du rat hiéu qua trong khi bao vé nguoi dung,
cac 16p 10t lai 1am ting Ung suat Von Mises bén trong 6 mom cut, dic biét 1a 16p 16t
Polyester (ting gan 50% so voi khong 16t). Picu nay cho thay 16p 16t thay doi cach
truyén luc vao 6 mom cut, va can duge tinh dén khi thiét ké do day va két cdu cua 6 dé
dam bao do bén.
3.3. Nhén xét két qua md phéng

Khi khong sir dung 16p 16t, ap sudt tiép xtic va ing sudt truot tai giao dién giira
moém cut va 6 mom cut ghi nhan gia tri cao hon dang ké.
- V& ap suat tiép xtc: Vat liéu PLA cho thiy ap sudt tiép xuc dinh cao nhat (181.16
kPa), theo sau 1a ABS (180.74 kPa) va PETG (180.63 kPa), nhu minh hoa trong Hinh
3. 13a. Nhitng gia tri nay cho thay ap luc tip trung 16n tac dong 1én mom cut.
-Vé ung suét truot: Tuong tu, Uing suét truot dinh (CSHEAR?2) cling dat mirc cao. Cu
thé, PLA c6 tng suét truot 1a 84.21 kPa, trong khi ABS va PETG c6 gia tri 1an luot 1a
83.87 kPa va 83.8 kPa (Hinh 3. 13b). Mtrc trng suét truot cao nay c6 kha ning gy ra

ma sat va dan dén nguy co ton thuong da.




39

1812 18118 _90 84.21 83.87 83.8
& 80

= 79

o £5 5861 58.51 58.45
= 180.8 180.74 B

= 50

f= 180.62 .
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; 180.4 720
-] ss!' 10
& =

z PLA ABS PETG
a 180 Vit lié % 2 t

=y PLA ABS PETG <al lled © mom cul

Vit liéu 6 mom cut mCSHEAR1 = GSHEAR2
(a) (b)

Hinh 3. 13. Két qua mé phéng trang thai ding yén: (a) So sanh ap suit tiép xic
rng véi cac loai vat liéu 6 mém cut khac nhau; (b) So sinh tng suét trwgt img voi
cac loai vt liéu 6 mém cut khic nhau

1080

1040 1035.32

1000 986.63

958.26
960

Ung suat Von Mises dinh [kPa]

BB
PLA ABS PETG

Cac loai 6 mom cut
Hinh 3. 14. Ung suit Von Mises trong cac 6 mém cut

Két qua phan tich tmg sudt Von Mises dugc trinh bay tai Hinh 3. 14, cho thiy
gia tri dinh cta vat lidu PLA 13 cao nhét (1035.32 kPa), tiép theo 1a PETG (986.63
kPa) va ABS (958.26 kPa). Ung suat Von Mises 12 mét tiéu chi quan trong dé du bao
su pha huy cua vat li¢u dudi tdc dong cua tai trong phuc hop.

Dé danh gia d6 an toan, gia tri tng sudt Von Mises toi da caa PLA (1035.32
kPa ~ 1.04 MPa) duoc so sanh voi gidi han bén kéo (Ultimate Tensile Strength) cua
vat liéu, von dao dong trong khoang 30—75 MPa tuy thudc vao cac yéu td va théng sd
ctia qua trinh in 3D. Phan tich cho thiy, (mg suit 16n nhit ma 6 mom cyt phai chiu chi
chiém khoang 1.4% dén 3.4% gidi han bén cua vat liéu PLA. Hé sb an toan cao nay

khing dinh rang vat liéu PLA c¢6 du do bén co hoc dé dap tng yéu cau chiu tai trong
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diéu kién sir dung thuc té. Dya trén phan tich vé d6 bén néu trén, két hop véi cac uu
diém nhu:

- An toan sinh hoc: PLA 1a mot polyme sinh hoc ¢6 ngudn gde tir thue vat, an toan khi
tiép xtic voi da nguoi.

- D@ gia cong: PLA 1a mot trong nhiing vat liéu phd bién va dé in 3D nhat, cho phép
tao ra cac san pham c6 do chinh xac cao véi chi phi hop 1y.

- Do bén co hoc du dap tmg: Nhu di ching minh, di chiu tng suat Von Mises cao
nhét trong ba loai vat liéu, PLA van hoat dong trong gidi han an toan véi hé s6 du trir
bén rat 16n.

Do d6, vat liéu PLA dugc lua chon dé ché tao 6 mém cut cho cac nghién cuu tiép theo
trong khuon kho dé tai nay, trudc tién 1a trong truong hop md phong co 16p 16t giira

moém cut va 6 mém cut.

200 90
181.46 ey
E1 80 "[ |
&, 160 F70 ”\ |
= 2 ¥
_% 140 ) 58.61 I
2 120 Z 50 ”\ |
% 100 B [
2 e E4 ”\ |
a2 =
- 230 0 20,45 21.61
.,g 60 2 47.7 4153 43.83 gzg ”‘ | 19.07 | 20.22_.
w40 5 N fil 1097592 g L
o [ g 1 iy |
< . | . | - ull =l
L] 0
Khéng lop 16t Silicone TPE Polyester 50P5SOC Khéng idp 6t Silicone TPE Polyester 50P50C
Cac loai lop 16t khac nhau =CSHEAR1 = CSHEAR2
(a) (b)

Hinh 3. 15. Trang thai ding yén: (a) So sanh ap suit tiép xiic ing véi cac 16p 16t
khac nhau; (b) So sanh rng suit truot ing véi cac loai 16p 16t khac nhau.

Viéc sir dung 16p 16t cho thay hidu qua r6 rét trong viéc giam dong thoi ca ap
suit tiép xac va ung suét truot tai giao dién gitra mom cut va 6 mém cut, nhu duoc
minh hoa trong Hinh 3. 15. Khi c6 16p 16t, ap sudt tiép xuc dinh da giam khoang 74-
78%, tir gid tri 181.16 kPa (truong hop khong 16t) xudng khoang 40-47 kPa. Két qua
phan tich cho thay vat liéu 16t bang Polyester dat hiéu qua giam ap suat tét nhat voi gia
tri thap nhat 1a 41.53 kPa. Nguoc lai, 16p 16t bang TPE c6 gia tri cao nhit trong nhom
dugc khao sat 1a 47.7 kPa. Piéu nay chimg to vai trd quan trong cta 16p 16t trong viée
phan b6 déu tai trong va giam thiéu cic diém tap trung ap suat c6 nguy co giy ton
thuong cho mém cut.

Tuong ty, ung suat truot dinh (CSHEAR?2) ciing ghi nhan su sut giam dang ké
(khoang 75-82%), tir 84.21 kPa (khong 16t) xudng con trong khoang 15-21 kPa. Trong
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do, cac 16p 16t bang vai nhu 50P50C (50% Polyester + 50% Cotton) va Polyester cho
két qua t6i uu nhét voi cac gia tri 1an luot 14 14.95 kPa va 15.02 kPa. Céc vat liéu c6
hé s6 ma sat cao hon nhu Silicone va TPE ghi nhan mg sudt truot cao hon, x4p xi 20
kPa.

Tir cac két qua trén, co thé két luan rang viée trang bi 16p 16t 1 mot giai phap
hiru hiéu dé giam thiéu ma sat va cac luc cat tai bé mat tiép xtic, qua d6 gbp phan quan

trong vao viéc bao v¢ da va ngan ngtra cac bién ching lién quan.
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CHUONG 4. CHE TAO O MOM CUT

4.1. Nghién ctru, lwa chon loai vt liéu va thong s in 3D

Trong cong nghé in 3D Fused Deposition Modeling (FDM), cac dac tinh co hoc cua
san pham cudi cung, chang han nhu do bén kéo, do cung, va kha ning chiu va dap
khong chi phu thudc vao vat li¢u ma con chiu anh huéng sau sdc boi cac tham sb cua
qué trinh in. Viéc lya chon mdt by tham ) khéng phu hop cé thé dan dén cac san
pham c6 ciu trac bén trong yéu, d& gy, hoic khong dap tmg dugc yéu cau vé mit ki
thuat.

Do d6, dé& dam bao 6 mom cut dat duoc hiéu suit co hoc tdi vu va an toan cho
nguoi st dung, viéc thyc hién mot nghién ctru bai ban nham tbi wu héa céc tham sb in
3D 13 mot budce di bat budce trude khi tién hanh san xuit hang loat. Qua trinh nay gitp
xac dinh bd gia tri cai dat tdt nhét cho may in, nham tdi da hoa cac dic tinh co hoc
mong mudn ctia vat thé duge in tir vat liéu di chon.

Trong s cac vat liéu polymer nhiét déo twong thich v6i cong nghé FDM, PLA
(Polylactic Acid) dugc lya chon lam vat li¢u chinh cho nghién ctru nay dya trén viéc
can nhic k¥ ludng gitra cac yéu té ky thuat, kinh té va méi trudng.

PLA 1a mdt trong nhitng vét liéu in 3D phd bién nhit tai Viét Nam va trén thé
gidi, s¢ hitu nhiéu wu diém vuot troi:

o Hiéu qua kinh té: PLA c6 gia thanh hop 1y, gitp giam chi phi san xudt, dic biét
quan trong trong bdi canh ché tao cac san pham y té gia ré, tiép can duoc nhiéu
d6i twong nguoi dung.

o Than thién v6i moi truong: PLA 13 mét loai polyester aliphatic c6 ngudn goc tir
cac tai nguyén tai tao nhu tinh bot ngd, mia dudng hodc sin. Didu nay giup no
c¢6 kha niang phan hity sinh hoc trong didu kién u cong nghiép, giam thiéu tac
dong tiéu cuc dén moi truong so vai cac loai nhya géc dau mo.

« An toan cho ngudi sir dung: Vat liéu PLA nguyén chat khong chira cac chat doc
hai, khong tao ra khoi doc trong qua trinh in (khong giéng nhu ABS), dam béao
an toan cho ca k¥ thuat vién van hanh may va nguoi dung cudi.

« Tinh d& in: PLA c6 nhiét do nong chay thap va do co ngoét nhiét it, giup qua
trinh in dién ra 6n dinh, it b cong vénh, va dé dang dat dugc do chinh xac kich

thudc cao.
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Mic du dd bén co hoc ctia PLA (do cung, do bén kéo va kha nang chiu nhi¢t) khong
cao bang mot sb loai nhua ky thuat khac nhu ABS hay PETG, nhung thong qua viée
t5i wu hoa céu trac thiét ké va tham sb in, cac dic tinh nay hoan toan cé thé dugc cai
thién dé dap ung yéu cau chiu lyc cia mdt 6 cam chan gia trong cac hoat dong sinh
hoat hang ngay.

Dé thyuc hién qué trinh tdi wu hda mot cach khoa hoc va hiéu qua, nghién ciru nay ap
dung phuong phap Thiét ké Thi Nghiém (Design of Experiments - DOE). DOE 1a mot
cong cu thong ké manh mé cho phép khao sat dong thoi anh hudng cia nhiéu tham sé
dau vao (goi 13 cac yéu td) 1én mot hodc nhiéu dic tinh dau ra (goi la cac dap ung).
Thay vi thay doi timg tham s6 mdt cach riéng 1¢ (phuong phap One-Factor-at-a-Time)
von ton nhiéu thoi gian va c6 thé bo qua cac tuong tac phic tap, DOE cho phép xay
dung mot ma tran thi nghiém cé cAu trac. Qua do6, tir mot sb luong thi nghiém hiru
han, chung ta c6 thé:

¢ Xac dinh céc tham sd in c6 anh huong dang ké nhét dén dic tinh co hoc cua vat
liéu PLA.

« Danh gia muc do anh huong cla ting tham sb.

« Phan tich sy twong tac gitta cac tham sé véi nhau.

e Xay dung md hinh toan hoc du doan va tim ra by tham sb t6i wu dé dat duogc
dap tng mong mudn (vi dy: d6 bén kéo 16n nhat).

Qua4 trinh t6i wu hoa cac tham sb in cho vat liéu PLA thong qua phuong phap DOE

duoc tién hanh véi cac bude cu thé nhu sau:

4
G -
. L I
-P-
_IJU
Hinh 4. 1. Mau thir ASTM D638 loai 1

Cac mau thir PLA in 3D dugc kiém tra d§ bén kéo theo tiéu chuan ASTM D638
[25]. Theo tiéu chudn ASTM D638 Loai 1, cac mau thir duoc ché tao véi cac kich

thudc nhu sau: mat cit ngang c6 chidu rong 13 mm va dé day 3,2 mm, chiéu dai do 50



44

mm, chidu dai tong thé 165 mm, va chiéu rong tong thé 19 mm. Céc kich thudc nay
dugc minh hoa chi tiét trong Hinh 4. 1 va dugc tom tat trong Bang 4. 1.

Cac mau thir PLA duoc in bang may in 3D Elegoo Neptune 4 Plus. Qua trinh in
duoc danh gid dua trén ba bién sb: gbc raster (45°, 55°, 65°), chiéu cao 16p (0,25 mm,
0,3 mm, 0,4 mm) va mat do lap day (40%, 60%, 80%). Céc tham sb in khac nhu nhiét
do, toc d6 va kich thudc dau phun duoc giir khong doi. Thiét ké giai thira dy du (full
factorial design) vdi 3 yéu t5, mdi yéu td ¢6 3 mirec, yéu cau thuc hién 27 lan thi

nghiém, dugc trinh bay chi tiét trong Bang 4. 2.

J.

Hinh 4. 2. Thi nghiém kéo: miu truéc (a) va sau khi kéo

Bing 4. 1. Kich thuéc cho miu loai 1 ASTM D638

Kich thwéc Gia tri (mm) Kich thuwée Gia tri (mm)

We 13 G 50
L 57 D 115
W, 19 R 76
Lo 165 T 3.2
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Bang 4. 2. Cac thong s6 miu thir

Mau Chiéu Goc Matdop Mau  Chiéu Goc Mat do
caolop  raster lap day caolop raster lap day
(mm) ©) (%) (mm) ©) (%)

| 0.3 45 40 15 0.4 55 80

2 0.3 45 60 16 0.4 65 40

3 0.3 45 80 17 0.4 65 60

4 0.3 55 40 18 0.4 65 80

5 0.3 55 60 19 0.25 45 40

6 0.3 55 80 20 0.25 45 60

7 0.3 65 40 21 0.25 45 80

8 0.3 65 60 22 0.25 55 40

9 0.3 65 80 23 0.25 55 60
10 0.4 45 40 24 0.25 55 80
11 0.4 45 60 25 0.25 65 40
12 0.4 45 80 26 0.25 65 60
13 0.4 55 40 27 0.25 65 80
14 0.4 55 60

Bang 4. 3. Bang két qua thir nghiém kéo ciia cac miu
Miu Giéi han bén kéo trung binh (MPa) Mﬁ'dgﬁlgé?ﬁ,[li,a;)tmng

1 18.22125813 231.47091

2 20.17353579 247.4712034
3 24.07809111 225.6355089
4 19.08893709 214.8050045
5 19.95661605 248.6169034
6 22.99349241 240.8127853
7 18.87201735 239.7377282
8 20.82429501 248.6169034
9 25.37960954 285.6449528
10 16.70281996 208.1443842
11 21.90889371 233.4837006
12 26.03036876 214.8050045
13 21.04121475 206.5432736
14 20.82429501 220.0870948
15 25.37960954 233.4837006
16 16.26898048 188.4254426
17 23.42733189 242.9920865
18 21.90889371 193.1699681
19 18.00433839 198.1595983
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20 19.30585683 248.6169034
21 2277657267 226.5875575
22 17.35357918 217.4139722
23 19.30585683 240.8127853
24 22.12581345 204.9666074
25 18.65509761 196.7078796
26 20.82429501 209.7705122
27 2451193059 212.2579096

Thtr nghiém kéo dugc thuc hién trén may tht WDW-50 (Hinh 4. 2), c6 kha
nang chiu tai t6i da 50 kN. Theo tiéu chudn ASTM D638, toc do thir nghiém duoc dat
¢ dinh & mic 5 mm/phat cho mau thir loai 1. Két qua thir nghiém kéo duoc phan tich
dua trén mdi quan hé giita ba tham s in (46 day 16p, mat do 1ap dy va goc raster) va
hai dic tinh kéo suy ra (46 bén kéo t6i da va mo-dun dan hoi). Cac két qua nay duogc
trinh bay trong Bang 4. 3.

Phuong phap dap tng bé mit dap (Response Surface Methodology - RSM)

dugc sir dung dé phan tich anh hudng cia cac tham sb in dén cac dic tinh kéo ciia mau
in PLA. Phan mém MINITAB duoc st dung dé thuc hién phan tich théng ké. Hon
nita, phuong phap nay duoc ap dung dé 1dp mo hinh va phén tich cac bai toan, nhim
t6i wu hoa cac dap ung thong qua mé hinh duge tao ra. Két qua phén tich phuong sai
(ANOVA) dugc trinh bay trong Bang 4. 4 cho thay mat do lap day la yéu t6 quan
trong anh hudng dén d6 bén kéo tdi da, duoc chirng minh béi gia tri P lién quan nho
hon 0,05. Gia tri P cia mé hinh bang 0 cho thdy mé hinh ¢ ¥ nghia théng ké. Bang 4.
5 chi ra rang d6 day 16p bac hai va hiéu tng mat do l14p day béc hai 1a cac yéu t6 quan
trong anh huéng dén mo-dun dan hoi, dugc ching minh bdi gia tri P lién quan nho
hon 0,05. Gia tri P ctia md hinh 12 0,039, cho thdy mé hinh ¢ ¥ nghia thdng ké.
Cubi cung, cac tham sb in duoc toi wu hoa dé déng thoi dat duoc do bén kéo tdi da va
mo-dun dan hoi tdi wu. Két qua duogc trinh bay trong Bang 4. 6 twong tng voi d6 day
16p 0,326972 mm, goc raster 65 do, mat d6 1ap day 79,1919%, cho ra gia tri d6 bén
kéo toi da 1a 24,1588 MPa va mo-dun dan hdi 1a 249,792 MPa.
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Bing 4. 4. Bing ANOVA vé d9 bén kéo

Source DF Adj SS AdjMS F-Value P-Value
Model 9 158373  17.597  8.52 0.000
Linear 3 152,123  50.708  24.54 0.000
Layer height (mm) 1 6.277 6.277 3.04 0.099
Infill density (%) 1 145.564  145.564  70.45 0.000
Raster angle (°) 1 0.283 0.283 0.14 0.716
Square 3 1.512 0.504 0.24 0.865
Layer height *Layer height 1 0.723 0.723 0.35 0.562
Infill density (%)*Infill density (%) 1 0.733 0.733 0.35 0.559
Raster angle (°)*Raster angle (°) 1 0.056 0.056 0.03 0.871
2-Way Interaction 3 6.127 2.042 0.99 0.422
Layer height (mm)*Infill density (%) 1 1.381 1.381 0.67 0.425
Layer height (mm)*Raster angle (°) 1 4.428 4.428 2.14 0.161
Infill density (%)*Raster angle (°) 1 0.318 0.318 0.15 0.700
Error 17 35.127 2.066
Total 26 193.501
Bang 4. 5. Bing ANOVA vé mé-dun dan hoi
Source DF AdjSS AdjMS F-Value P-Value
Model 9 74134 823.71 2.67 0.039
Linear 3 1036.3  345.44 1.12 0.369
Layer height (mm) | 11.1 11.14 0.04 0.852
Infill density (%) 1 1008.6 1008.62 3.26 0.089
Raster angle (°) 1 16.6 16.55 0.05 0.820
Square 3 6020.7  2006.92 6.49 0.004
Layer height *Layer height 1 38525  3852.46 12.47 0.003
Infill density (%)*Infill density (%) 1 2168.1 2168.08 7.02 0.017
Raster angle (°)*Raster angle (°) 1 0.2 0.21 0.00 0.979
2-Way Interaction 3 114.2 38.06 0.12 0.945
Layer height (mm)*Infill density (%) 1 0.0 0.00 0.00 0.999
Layer height (mm)*Raster angle (°) 1 0.4 0.41 0.00 0.971
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Infill density (%)*Raster angle (°) 1 113.8 113.77 0.37 0.552
Error 17 52534 309.02
Total 26 12666.8

Bang 4. 6. Cac thong sb toi uu

Phuong an D¢ cao 16p in Géc Raster Mat do lap day (%) Mo-dun dan héi Giéi han bén kéo
(mm) © (MPa) (MPa)

1 0.326972 65 79.1919 249.792 24.1588

4.2. Ché tao 6 moém cut

Sau khi cac thong s6 in duoc tdi vu nhiam dat duge cac dic tinh co hoc tot nhét
cho san pham, chung duoc thiét 1ap trén may in dé tién hanh qua trinh ché tao. O moém
cut dugc ché tao bﬁng so1 nhya PLA st dung may in 3D Elegoo Neptune 4 Plus, voi
thoi gian in hoan tat khoang 29 gio. O moém cut sau khi in hoan thién dugc minh hoa
trong Hinh 4. 3.

Bang 4. 7 trinh bay thoi gian can thiét dé ché tao mot 6 mom cut theo quy trinh
dé xuét. Tong thoi gian ché tao 1a 29 gid cho thdy tinh hiéu qua cua viéc ing dung
cong nghé in 3D trong san xudt O chan gia so véi cac phuong phap truyén thong.
Trong d6, thoi gian in 3D chiém khoang 24 gid, phan anh mirc d6 phirc tap cia viée
tao hinh 6 chan gia. Thoi gian nay phu thudc dang ké vao kich thudc va do phuec tap
clia san pham, ciing nhu cac thong sb thiét 1ap trong qua trinh in.

Cac thong sb in nay anh hudng truc tiép dén chét luong san pham cudi cing,
thé hién sy danh ddi giita toc d6 in va muc d6 chi tiét dat duoc. Do 6, viée t6i wu hoa
céc thong s6 in 1a mot yéu t6 then chdt trong phuong phap dé xuat, giup can bang giira
hiéu suét va chit lugng, tir d6 nang cao hiéu qua va do tin cdy cua quy trinh ché tao 6
chan gia.

Toan bo quy trinh van con tiém nang dé tbi vu hoa thém, dic biét 1a & budc
quét 3D. Chat lugng qua trinh quét c6 thé dugc cai thién dang ké néu bénh nhan giir
phan chan cut ¢ vi tri 6n dinh trong sudt qua trinh thyc hién. Vi tri 6n dinh gitp giam
thiéu chuyén dong, dam bao mdy quét thu dugc cac sd liéu chinh xac va chi tiét cua
chi thé con lai. Piéu nay gop phan giam nguy co sai léch trong mé hinh 3D, tir d6 cai

thién d6 khit ciia 6 mom cut va rat ngan thoi gian danh cho budc quét.
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(b)
Hinh 4. 3 (a). M6 hinh 6 mém cut trén phian mém in 3D (b). O mém cut sau khi

hoan thanh.

Bang 4. 7. Thoi gian ti¢u ton cho qua trinh tao ra 6 mém cut

Budc Thoi gian (gio)
Chuan bi 0.5

Quét hinh 1

Xt ly dir liéu quét 0.5
Thiét ké 6 mom cut 2

Ché tao 24

Hau xu ly 1

Tong cong 29

Bang 4. 8. Phén tich chi sin xuit mét 6 mém cut véi khdu hao trong vong 5 nim

Chiing loai Gja mua (nghin M&i _ nim Mi 6 mom cut

dong) (nghin dong) (dong, 10 6 mém
cut/Thang)

May tinh 26.000 5.200 520

Bé chuyén doi 500 100 10

Xbox one 2.600 520 52

3D Printer Elegoo 16.900 3.380 338

Neptune 4 Plus

Nhua PLA 390

Cong lao dong 500
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(Xur 1y & Hoan
thién)

Total Costs - - 1,810

Két qua phan tich chi phi (Bang 4. 8) cho thay, khi khau hao tuyén tinh cic thiét
bi, vat tu dung dé ché tao 6 moém cut trong 5 nam va gia dinh nang suit 6n dinh 106
moém cut mdi thang (120 o/nam), téng chi phi dé ché tao mot 6 mom cut béng cong
nghé in 3D chi vao khoang 1,81 triéu dong/6. Trong co cau chi phi, nhom tai san cd
dinh (may tinh, bd chuyén ddi tin hiéu, Xbox One dung lam thiét bi quét, va may in 3D
Elegoo Neptune 4 Plus) chiém 920 nghin dong/6 (=~ 50,8 %). Riéng may tinh va may
in 3D dong gop lan lugt 28,7 % va 18,7 % chi phi nho mirc dau tu ban déu cao nhung
duoc khiu hao trong thoi gian dai.

Chi phi bién d6i bao gdm nhya PLA (390 nghin dong/6; 21,5 %) va lao dong
cho khau xi&r ly—hoan thién (500 nghin déng/d; 27,6 %), cong lai 890 nghin dong/d
(=49,2 %). Nhu vay, ty trong gitra chi phi vbn va chi phi van hanh gin nhu tuong
duong, phan anh sy hiéu qua cua viéc phan bd khau hao thiét bi khi quy mo san xuat
dat >10 6/thang.

Nguoc lai, cac phuong phap ché tao 6 mom cut truyén théng - nhu tao khudn
thii cong, duc thach cao - thudng c¢é chi phi vat lidu cao hon, thoi gian san xuat kéo dai
va quy trinh doi hoi nhiéu lao dong ton kém. Tai Viét Nam, téng chi phi cho mét chan
gia ¢6 thé dao dong tir 2.000 dén 10.000 USD, khién n6 vuot ngoai kha ning chi tra
clia nhiéu nguoi.

Bang céach tich hop cong nghé quét 3D va in 3D theo phuong phap FDM, quy
trinh k¥ thuat s6 khong chi giup giam chi phi ma con nang cao hiéu qua san xuat va
kha ning tiy chinh linh hoat. May quét bang cam bién Kinect Xbox One cho phép
quét chinh xac ma khong can tiép xuc, loai bo nhu cau sir dung khuon thach cao, trong
khi viéc in 3D bang vat liéu PLA gitip giam thiéu ling phi vat liéu. Quy trinh lam viéc
ky thuat s6 nay ciing rut ngin thoi gian san xuat, gop phan hién thuc hoa viéc ché tao
cac 6 chan gia chét luong cao, gia thanh hop 1y cho cac khu vic ¢6 thu nhap trung

binh va thap.
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CHUONG 5: KET LUAN VA HUONG PHAT TRIEN

5.1. Két luan

Nghién ciru nay trinh bay viéc phat trién mot quy trinh toan dién dé ché tao miu tay
chan gia cho nguoi khuyét tat, tich hop cong nghé quét hinh anh 3D bang cam bién
Kinect va cong nghé in 3D. Viéc ap dung quy trinh nady mang lai nhiéu loi ich ddng ké,
bao gdm giam thiéu chi phi va thoi gian san xuat. Ddc biét, quy trinh loai bé hoan toan
nhu ciu st dung hoéa chit hodc chat phu tro tiép xuc truc tiép vO1 chi cut cua bénh
nhan, nang cao sy an toan va thoai mai. Hon nita, bénh nhan c6 thé linh hoat lua chon
vat liéu in 3D phu hop voi nhu cAu c4 nhan, vi du nhu ABS hoic PLA.

Céc két qua nghién ctru chinh cta dé tai duoc téng hop nhu sau:

- Chuyén dbi va t6i vu hoa cam bién Kinect thainh may quét 3D chi phi thap: Dé tai da
thanh cong trong viéc chuyén ddi cam bién Kinect thanh mot thiét bi quét 3D hiéu qua
v6i chi phi thap thong qua viéc tich hop véi phan mém 3D Scan mi ngudn mé.

- Hi€u chinh d@r li€u quét dé dat duoc mé hinh mom cut hoan chinh: Dit liéu quét tur
cam bién Kinect di dugc hiéu chinh ti mi nham thu duoc mé hinh 3D hoan chinh va
chinh x4c ctia mém cut, 1am co s& cho cac cong doan thiét ké tiép theo sir dung phan
mém mién phi.

- Thiét ké 6 mom cut tryc tiép trén moé hinh 3D: Qua trinh thiét ké 6 mom cut duogc
thuc hién truc tiép trén md hinh 3D cia mém cut, vén duge tao ra tir dit liéu da xt ly
sau qua trinh quét bang Kinect.

- Phan tich twong tic co hoc bang phuong phap phan tir hitu han (FEM): D4 thyc hién
tinh toAn mo phong tuong tic co hoc gita mom cut va 6 mom cut sir dung phuong
phap phan tir hitu han, nhdam dam bao sy pht hop va thoai mai tdi wu.

- T6i wu hoa thong sb in 3D FDM bang quy hoach thuc nghiém: Céc thong s in 3D
theo cong ngh¢ FDM (Fused Deposition Modeling) da dugc tinh toan va lua chon tdi
uu thong qua phuong phap quy hoach thuc nghiém, dam bao chat lugng va do bén cua
san pham in.

- Ché tao 6 mom cut bang cong nghé in 3D: O mém cut di duoc ché tao thanh cong
bang cong nghé in 3D, minh ching cho tinh kha thi va hiéu qua cta quy trinh duoc dé

xuat.

5.2. Huéng phat trién
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bé tai da xdy dung mdt nén tang cho viéc ché tao 6 moém cut gia ca nhan hoa bﬁng
cong nghé quét va in 3D. Dé mé rong pham vi img dung va nang cao hiéu qua cta quy
trinh, c6 mot s6 hudng phat trién tiém ning c6 thé duoc khai thac:

- Nang cao d¢ chinh xac va dd phan gidi cta dir liu quét

St dung cam bién quét 3D chuyén dung: Mic du Kinect cung cip giai phap chi phi
thap, viéc tich hop cac cam bién quét 3D chuyén dung hon (vi du: may quét laser cam
tay, may quét anh sang cu tric) co thé cai thién dang ké do chinh xac va do phan giai
cta dit liéu moém cut, dic biét vai cac chi tiét phtc tap. biéu nay s& dan dén thiét ké 6
mom cut vira van va thoai mai hon.

- Phan tich dong luc hoc va tuong tac co sinh hoc: Mé rong md phong FEM dé bao
gff)m phan tich dong luc hoc (vi du: khi bénh nhan di by, chay), danh gia ing suét va
bién dang trong cac tinh hudng thuc té. Didu nay s& cung cip cai nhin siu sic hon vé
hiéu suit cia & mom cut va giup t6i vu hoa thiét ké dé giam thiéu cac van dé nhu dau,
loét.

- Thiét ké tich hop hé thdng giam xoc va thong hoi: Nghién ctru cac giai phap dé tich
hop cac vat li¢u hoac cAu trac giam xdc¢ vao 6 mom cut nham tang cuong su thoai mai.
Pdng thoi, xem xét cac phuong phap dé quan 1y nhiét do va d6 4m bén trong 6 mom
cut, dac biét quan trong ¢ nhitng vung khi hdu nong am.

- Nghién ctru vt liéu in 3D tién tién: Kham pha va thtr nghiém céc loai vat li¢u in 3D
méi ¢ dic tinh co hoc wu viét hon (vi du: d6 bén cao, tinh linh hoat, kha nang tuong
thich sinh hoc t6t hon), cling nhu cac vat lidu c6 kha ning hap thu sdc hodc cic vat
li¢u composite.

- Thu thap phan hdi va cai tién lién tuc: Thiét 1ap mot co ché thu thap phan hoi tir bénh
nhan va cac chuyén gia y té trong qua trinh str dung thyc té. Dit liéu nay s& 1a nguon
thong tin quy gia dé lién tuc cai tién quy trinh thiét ké va ché tao.

- Thuc hién quy trinh trén da dang bénh nhan: M¢ rdng viéc ap dung quy trinh nay
trén mot sd lugng 16n bénh nhan vai cac dac diém moém cut khac nhau (hinh dang,
kich thude, tinh trang da, v.v.). Diu nay s& gitip danh gia tinh tong quat, do tin cy va
hiéu qua cta quy trinh trong céc diéu kién thuc té da dang.

- Tién hanh cac nghién ctru lam sang dai han dé danh gia sy thoai mai, chic nang, do
bén ciia 6 mom cut in 3D theo thoi gian, ciing nhu tac dong cua ching dén chat luong

cudc song cua bénh nhan.
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- T6i uu hoa quy trinh cho cac loai chi gia khac: Md rong nghién ctru dé ap dung quy
trinh tuong tu cho viéc ché tao cac bd phén khac cua tay chan gia (vi du: ban chéan, ban
tay) hoac cac loai chinh hinh khac.

Viéc tiép tuc nghién ctru va phat trién theo cac hudng trén s& giup nang cao
dang ké chat luong cudc sdng ctia nguoi khuyét tat, mang dén cho ho nhirng san pham
tay chan gia khong chi hiéu qua vé mit chirc ning ma con thoai mai, bén bi va phu

hop v6i ca nhan.
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KET LUAN VA KIEN NGHI

Dé tai da xay dung va kiém ching thanh cong mot quy trinh toan dién dé thiét
ké va ché tao 6 mom cut gia cho nguoi khuyét tat, img dung hiéu qua sy két hop giira
cong nghé quét 3D chi phi thap va cong nghé in 3D FDM. Quy trinh nay da ching to
dugc nhitng vu diém vuot troi: khong chi giam dang ké chi phi va thoi gian san xuét
ma con nang cao tinh an toan cho bénh nhan béng cach loai bo hoan toan vi¢c sit dung
hoa chit tiép xtic truc tiép.

Céc két qua chinh ctia dé tai da dwoc ching minh mét cach rd rang:

- Chuyén dbi thanh céng cam bién Kinect thanh mdt may quét 3D gié ré, cho phép thu
thap dir liéu hinh hoc mom cut mot cach hi¢u qua.

- Xy dung quy trinh xu 1y dit liéu quét va thiét ké 6 mom cut truc tiép trén mo hinh
3D, dam bao do chinh xac va ca nhan hoa cao.

- Str dung phuong phap phan tir hitu han (FEM) dé mé phong va phan tich twong tac
co hoc, gitp t6i wu hoa thiét ké nham mang lai su thoai mai va phu hop cho nguoi
dung.

- Tbi wu héa cac thong sb in 3D thong qua quy hoach thuc nghiém va ché tao thanh
cong san pham 6 mom cut, khang dinh tinh kha thi cua giai phap.

Nhin chung, dé tai ¢4 m& ra mot giai phap kha thi, hién dai va phu hop véi diéu
kién kinh té tai cac khu vuc c6 thu nhép trung binh va thap, gop phan cai thién kha
ning tiép can cac san pham chén tay gia chat lugng cho ngudi khuyét tat.

Trén co s& cac két qua da dat dugc, dé tai 1a mot nén tang viing chic cho cac
nghién ciru va tmg dung trong twong lai. Nhoém nghién ctru dé xuét cac huéng phat
trién tiém nang nhu sau:

e Nang cao va t6i wu hoa quy trinh hién tai
- Nghién ctru vt li¢u tién tién: Thir nghiém cac vat liéu in 3D moi c¢d dac tinh co hoc
uu viét hon nhu vat liéu composite, vat liéu linh hoat hodc c6 kha nang hép thu sbc dé
tang d bén va sy thoai mai.
- Tich hop cac tinh ning thong minh: Nghién ctru cic giai phap thiét ké tich hop hé
théng giam x0c va cac kénh thong hoi dé cai thién sy thoai mai va quan ly nhiét do, do
am bén trong 6 mém cut.

e Mo rong pham vi va chiéu sau nghién ctru
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- Phan tich dong luc hoc: Mé rong md phong FEM dé danh gia twong tac co sinh hoc
trong cac diéu kién dong (khi di bd, chay), giup tdi wu héa thiét ké nham giam thiéu
nguy co gy dau hodc tén throng mé mém.
- Ung dung cho cac loai chi gia khac: Mé rong quy trinh dé 4p dung cho viéc ché tao
cac bd phan khac cua tay chan gia (ban tay, ban chan) hodc céac loai dung cu chinh
hinh khac.

e Kiém chimg 1am sang va trién khai thyuc tién
- Thyc hién nghién ctru trén quy mé 16n: Ap dung quy trinh trén mot sé luong 1on
bénh nhan véi cac dic diém mom cut da dang dé danh gia tinh té)ng quat va do tin cay
cua phuong phap.
- Tién hanh nghién ctru 1am sang dai han: T chuc cac thir nghiém 1am sang dé danh
gia do bén, su thoai mai, va tac dong cua san phém dén chat luwong cude séng cua bénh
nhan theo thoi gian.
- Xay dung co ché phan hoi: Thiét 1ap mot quy trinh thu thip phan hoi truc tiép tir

bénh nhan va chuyén gia y té d€ lién tuc cai tién va hoan thién san pham.
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