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THIET KE VA CHE TAO NEP CO TAY IN 3D
DESIGN AND FABRICATION OF 3D PRINTED WRIST SPLINT

Pham Ngoc Tuén, Lé Phwong Duy, Trwong Trin Biao Huyén
Khoa Co khi, Truong Pai hoc Bach Khoa, Dai hoc Quéc gia TP.Hd Chi Minh

TOM TAT

Hién nay, céng nghé in 3D dang c6 nhitng iing dung rong rdi trong linh vuc y té, dic biét la
nganh y té chinh hinh. Bai bdo dwoc thuce hién dwa trén co sé cdc tai liéu da dwoc cong bo trong va
ngodi nude, tién hanh so sanh cdac gidi phdp thu thdp dwoc, phan tich cdc yéu t6 lién quan va dua
ra giai phdp phit hop véi diéu kién Viét Nam. Bai bdo nay da dwa ra dwoc quy trinh thiét ké, ché
tao va ché tao thanh cong mau san phcfm nep c6 tay in 3D, phuc vu cho viéc diéu tri cac bénh ly vé
khép cé tay va hé tro phuc hoi chire ndng. Mau san pham ché tao dat dwoc hau hét cdc tiéu chi vé
kha ndang dam bdo chire ndng ciing nhw cdc yéu té sé cd nhan hod cia nguoi ding. Cac quy trinh

déu hwéng dén viéc dp dung thue té va chi phi thap.
Tw khoa: In 3D, Nep cé tay, Chinh hinh; Co - xuong - khop, Ché tao cong.
ABSTRACT

Currently, 3D printing technology has wide applications in the medical field, especially
the orthopedic industry. This article is made on the basis of collecting and synthesizing foreign
and domestic materials, comparing the collected solutions, analyzing domestic factors and the
process of making solutions suitable to Vietnam's conditions. This article has outlined the process
of designing, manufacturing a 3D printed wrist splint, serving the treatment of wrist joint diseases
and supporting rehabilitation. The fabricated prototype meets most of the criteria in terms of
functional assurance as well as user personalized factors. These processes are geared towards
practical application and low cost.

Keywords: 3D printing,; Wrist splint; Orthosis; Musculoskeletal; Additive manufacturing. &
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1. GIOI THIEU

Mbi nam, Coéng nghé in 3D cung cap
ngdy cang nhiéu tmg dung trong linh vuc chim
soc sire khoé va cai thién cudc séng theo nhimng
cach ngdy cang méi. i voi linh vye y té chinh
hinh, cong ngh¢ in 3D c6 tiém ning trong viéc
ché tao nhanh chong va hi¢u qua dung cu chinh
hinh, dac biét la cac dung cu chinh hinh tuy
chinh. Khi yéu cau cua cong viéc ngady cang cao
va cac bénh ly vé than kmh ngay cang nhleu
cac chung bénh nhu 6 ong cb tay, viém khop cb
tay ngay cang phd bién, anh huong dén khoang
1% dan sb [1]. Trén thé giéi da c6 nhiéu nghién
clru vé viée ché tao nep ¢ tay c4 nhan hoa
dung dé hd trg diéu tri cac chung bénh nay st
dung cong ngh¢ in 3D, mdt s6 da duoc thuong
mai hod rong rai. Tai Viét Nam, cac gidi phap
vé nep truyén thdng va bo bot dang khong thuc
su hi€u qua vi sy kho chiu cua ngudi bénh va
c6 kha ning gy ra cac bién ching nguy hiém.
Mot vai nghién ctru ung dung in 3D trong chinh
hinh buée dau tai Viét Nam da dugce thuc hién,
nhung chua dugc cong bd rong rii. Nghién ciru
nay nham muc dich dua ra quy trinh thiét ké,
ché tao va ché tao thir nghiém nep ¢ tay in 3D
v6i chi phi thdp. Cac phan tiép theo s& trinh bay
lan luot phuong phap nghién ctru, cac két qua
dat duoc va két luan.

2. VAT LIEU VA PHUONG PHAP
2.1. Céc yéu ciu vé nep co tay

Nep ¢ tay truyén thong chi yéu 1am tir
nhya, da, vai, carbon. Ti€u chuan danh gia nep
cd tay truyén thong dya trén cac ti€u chi [4]:
Thiét ké:

- Thiét ké can don gian dam béo kha

nang st dung cho nhiéu ddi tugng, ca vé gigi
tinh va lta tudi, dat dugc nhiing nguyén tic

thiét ké dam bao kha ning in 3D dugc thé hién
trong muc 2.4.

Kich thwéec:

- Nep ché tao can dam bao dugc thiét ké
dua trén kich thude tay bénh nhan.

- Nep phai ¢6 kha ning diéu chinh kich
thudc d€ dam bao c6 thé st dung trong truong
hop kich thudc tay bénh nhan thay doi.

Co hoc:

- Nep phai c6 kha nang chiu lyc, bao
gom luc do tay nguoi st dung tac dung 1én nep
trong qua trinh deo va ngoai luc tac dung 1én nep
trong qua trinh sinh hoat cuia nguoi str dung.

- San phém nep dugc ché tao vé6i khbi
lugng nhe, khong gay kho khan cho bénh nhan
trong qua trinh str dung.

Cong thai hoc:

- Nep can dam bao cac yéu cau vé ca
nhan ho4, vi du nhu phai tranh cac vung ap luc
hodc cac chan thuong khac cua bénh nhan.

- Kha ning théo lap nhanh, don gian.

- Bé mit nep ém ai, khong gy buc bdi
trong qua trinh st dung.

Bao tri:

- Céc chi tiét cua nep phai d& dang vé
sinh, lam sach.

Lip rap:

- Nep duoc lap rap ma khong can dung
cu ho tro.
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- To1 thiéu hoa céc chi tiét cua nep.
An toan:

- Nep khong c6 céc vi tri sac canh va
cac yeu to nguy hiém.

- Nep c6 kha ning chong va dap tét ¢
trong diéu kién sinh hoat hang ngay cua bénh
nhan.

- Vit liéu ché tao an toan cho da, an toan
cho stc khoé nguoi sir dung, khong bi bién doi
tinh chat trong di€u kién sinh hoat hang ngay.

2.2. Cac yéu cau ve vat liéu

Trong cic (mg dung y sinh lién quan dén
chinh hinh va phyc hinh, polyme axit polylactic
(PLA) duoc sir dung phd bién nhat do khong
thai ra khi doc trong qua trinh néng chay, than
thién v&1 moi trudng [5].

Vong cao su silicone 1a loai vat li¢u tro
vé mit sinh hoc, dugc 4p dung trong cdy ghép
y khoa, vat liéu ndy c6 kha nang duy tri cac tinh
chat vat 1y ciing nhu hoa hoc trong diéu kién
sinh hoat binh thuong.

10
0.9

8.2

Hinh 1. Chi tiét vong cao su silicone.

Vit liéu PLA [14] (Hinh 11) ¢6 mét s6
dac tinh nhu sau:
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Material Properties
| Model Reference

Froperties Companents
Mame:  PLA Setidbady 1{Bess-

Model type:  Linear Blmtic hotropic | Extnade 0 [tam tren)
Dedfauit failure  Max vom Mises Stress
criterion:
Yield strengehc 41708 N/m2
Tansile streegth: 4 1707 Him 2
- Elastic modulus: 3. T2te«0% Him*2
Poisson's ratio: 0334
Wass density: 1,280 kg/m"3
2

Shear modulus: 5.
| Curve Data:HiA

Hinh 2. Cac thong 56 vat lieu dwoc thé hién trong
Module mo phong cua phan mém SOLIDWORKS.

2.3. Cac nguyén tic thiét ké dam bao kha
nang in 3D

Trude khi thiét ké nep c6 tay, can xem
xét kha nang in 3D sdn pham nay bang cach
xem xét cac nguyén tac sau day [6]:

Nguyén tac 1: Lira chon hwéng in phit hop.
Nguyén tdc 2: Giam thiéu lwong vat liéu hé tro.
Nguyén tic 3: Lam rong cdc chi tiét.

Nguyén tac 4: Lueu y cac dac diém ché tao.
Nguyén tic 5: Théo roi cdc chi tiét.

Nguyén tic 6: Giam s6 lwong cdc chi tiét.
Nguyén tic 7: Pdanh dau dé nhin dang.
Nguyén tic 8: Tranh cdc yéu t6 sac canh.
Nguyén tic 9: Bo tron cdc goc.

Nguyén tac 10: Han ché cic phan nhé ra.

3. QUY TRINH THU'C HIEN
3.1. Quy trinh thiét ké

Quy trinh thiét ké nep co tay in 3D duoc
thé hién trong Hinh 3.

Noi dung cu thé ctia mdi budc nhu sau:
Buwéc 1: Xac dinh cac dir kién dau vao.

Vé hinh hoc, chiéu dai nep tir ¢6 tay dén
cang tay tu 150 — 200 mm la chiéu dai giup
bénh nhan cam thay thodi mai nhat, chiéu dai

tir ¢6 tay toi ban tay khoang 65 mm la chiéu dai
khong lam anh hudng dén chuyén dong ctia ban
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tay [2, 3]. B& day nep 4 mm duoc chon dya trén
viéc tham khao cac mau thiét ké ctia cac nghién
ciru va cac nha cung cap [8].

Vé co hoc, tai trong chinh tac dung 1én
nep 1a khéi luong ban tay ngudi sir dung, c6 gia
tri khoang 0,41 kg ddi v6i nguoi truong thanh
[4], ap luc 16n nhét cua tay bénh nhan tac dung
l1én nep trong cac sinh hoat binh thuong nhu
xéch tai, diy ghé, mo cira va cam but 1a khoang
210 kPa [7].

Vé vat liéu, céac thong s vé nhya PLA
dugc dua ra dya trén thir nghiém bén theo
tiéu chuan ASTM D638 [11] trong diéu kién
in 3D véi téc @ in F._ = 50 mm/s, bé day 16p
in L = 0,18‘ mm, huéng in :chéng ding theo
phuong chiéu dai nep bao gom:

- Module dan hoi: 3,726 GPa.

- Hé sb Poisson: 0,394.

- Khéi luong riéng: 1250 kg/m?.

- Gi6i han bén kéo: 4,17 MPa [14] .

| 1. Xic dinh cic dirkign div vio |.—

I

4-' 2. Thiét é trén phin mém. |
!

| 3. Tinh todn so'b3 diku kidn i tﬂ}ng.l

4. Kiém nghim
bin trén phin,

Ehong dat

| 6. Hoan thinh thift ki |

Hinh 3. Quy trinh thiét ké nep cé tay in 3D.

Budc 2: Thiét ké san pham trén module
mo phong ciia phan mém SOLIDWORKS.

- >

1. Chon dnh quét 3D tay bénh nhin

Bit din

2. Thiét k= trén phin mem

3. Tinh toén so b didv kisn ti trong

4. Bt tro khe ho nep va tay

=

5. Teo 1o thosns kha

5. Tao vime lo= & hai din nep

7. Kifm tra cic
chi tidu thist k3

8. Xust dinh dang fils STL

!

G Hoén thinh thist k2 JD

Hinh 4. Quy trinh thiét ké mé hinh 3D cho nep cé
tay in 3D.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
I TAP CHI CO KHI VIET NAM, S6 298, thang 12 nim 2022
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

Hinh 6. Thiét ké 16 thodng khi triing véi vi tri da
déanh ddu.

Hinh 7. (1) Nep truoc khi thuc hién budc 5.
(2) Nep sau khi thuc hién budc 5.

Budc 3: Tinh toan so bd diéu kién tai
trong

Qua trinh tinh toan so bd duwa trén
nguyén 1y hé thong ap luc ba diém tac dong
cta chi trén va cac dit kién hinh hoc dau vao di
trinh bay ¢ Budc 2 (Hinh 8).

Luc do khéi lugng ban tay tdc dong 1én
nep voi hé sb tai trong 0,7:

0,41 x 9,81
Ro=—"97 ~ oW

Luc do cing tay tic dong 1én nep:
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Hinh 8. Nguyén Iy hé thong ap e ba diém tac
dong cua chi trén.

Budc 4: Kiém nghiém bén trén module
mo phong cia phan mém SOLIDWORKS.

Qua trinh phan tich kiém nghiém bén
dua trén ba ti€u chi: trng suat, chuyén vi va bién
dang.

Fobrn miem ¥exi Lem brage Fpiuen Deuk
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Hinh 9. Pua diéu kién bién vao module mé phong
ciia phan mém SOLIDWORKS.
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=T ———— e tinh k¥ thudt nhu sau:

Théng s6 ky thuit:

r = - Kich thuéce 1am viée: 300 x 300 x 350 mm;
=y - Sb dau dun: 1;
' - Téc @6 16n nhat: 150 m/s;
T T S T - Nhiét d ti da: 260°C;
——— r - B0 chinh xac: 0,1 mm;
i - Bé day 16p in nho nhét: 0,1 mm;
i - Ngudn dién: 220 V.

Hinh 10. Pua diéu kién tdi trong module mo

phong ciia phan mém SOLIDWORKS. o
Bit dau

Budc 5: Kiém tra kha ning in 3D.

Mau thiét ké cén phél duoc klél’n tra 1. Chon céng nghé ché tao
kha ning in 3D thong qua mot s6 phan mém
chuyén dung, vi du nhu phén mém Meshmixer 3
cua hang Autodesk. Cac 16i c6 thé gdp nhu moé 2. Chon may in 3D
hinh khong kin, md hinh khong c6 dang khoi T
[9].

3. Chon vit liéu in 3D

:

Quy trinh gia cong nep cb tay in 3D 4. Cai dit thong s6 cong nghé cat16p STL
dugc thé hién trong hinh 11. T

5. Thiét 14p may in 3D

3.2. Quy trinh gia cong san phim

Budc 1: Chon cong nghé ché tao.

Nep duoc ché tao bang cong nghé FFF i
duogc ung dung cho vi¢c nghién ctru boi tinh
phd bién va c6 kha ning str dung nhwra PLA.

6. Ché tao san phim

.

7. Hau xit 1y

Budc 2: Chon may in 3D.

May in 3D duoc dung 1a may in 3D

Marbox model REPBOX — 1E (Hinh 14) dang -
duogc sir dung tai Phong Thi nghiém in 3D, < K&t thac >
Khoa Co khi, Truong Pai hoc Bach Khoa, Pai

hoc Qudc gia TP. HO6 Chi Minh, véi cac dic Hinh 11. Quy trinh gia cong nep cé tay in 3D.
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Hinh 12. May in 3D Marbox model REPBOX — IE.
Budéc 3: Chon vat liéu in 3D.
Céc thong s6 co ban ctia nhua PLA sir dung:

- Mau sic: hong.

- Puong kinh s¢i nhya: 1,75 mm.

- Khéi luong tinh: 1 kg.

- Nhiét d6 nong chay: 190 — 220°C.

Budc 4: Cai dit thong sd cong nghé, cit
16p file STL.

Cai dit cac thong sb co ban trong phan
mém Simplify3D [11]:

Layer height — chiéu cao 16p nhya in.

First layer height — chiéu cao 16p nhua
in dau tién.

Perimeters — s6 lugng dudng bao ngoai.

Budc 5: Chuan bi may in 3D.

Can chinh ban méy bang cach sir dung
thudc nivo va diéu chinh nho cac dai éc canh
chudn, vé sinh may ban in, phu chat két dinh
1én ban in, vé sinh dau phun.

Budce 6: Gia cong san pham.

Sau khi da thiét 1ap xong may in 3D,
dir liéu G — code duogc chuyén vao may in 3D
bang thé nhé SD, qua trinh in 3D duoc thuc
hién hoan toan tu dong.

Budc 7: Hau xu ly.

San pham sau khi in 3D can thyc hién
hau xtr Iy dé loai bo cac thanh phan hd tro va xir
1y céc vi tri 16i sau qua trinh in 3D, sau d6 tién
hanh xir Iy bé mit va vé sinh san pham trudc
khi dua vao st dung (Hinh 13).

s T o
josssii

y)
o
=

B,

Hinh 13. Chi tiét tam trén va tam dudi trong qud
trinh hqu xu ly.

3.3. Quy trinh lip rap

Quy trinh thao ldp nep c¢b tay in 3D
(Hinh 14):

Budc 1: Peo vong cao su vao cac nut
cai & tim dudi.

Budc 2: Lép 2 thim nep tai cac vi tri da
deo vong cao su.

Budce 3: DPeo nep vao tay.

Budc 4: Lap vong cao su ldp 2 tim nep
tai cac vi tri con lai.

Buoc 1 Budc 2

Budc 3 Budc 4

Hinh 14. Quy trinh théo ldp nep cé tay in 3D. &
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Luu y: C6 thé diéu chinh d6 vira vin
trong qua trinh st dung bang cach thay doi kich
thude cua cac vong cao su.

4. KET QUA VA THAO LUAN
4.1. Két qua san pham

Chi tiét tAm dudi (Hinh 15):

e Bt

josss=ser

Hinh 15. Chi tiét tam dudi

Chi tiét tAm duéi (Hinh 16):

4 ~'
o [ |
{ :
" :
")
A

Hinh 16. Chi tiét tam trén

Céc danh gia so bo dua trén yéu cau ki
thuat ciia nep co tay in 3D da dugc duara (Bang

).

Bdng 1. Bang nhdn xét so bg mau nep cé tay in 3D

STT | Tiéu chuén dinh gia Yéu t6 Két qua
Don gian Dat
s Ché tao hiéu qua Pat
1 Thict ke — —
Pam bao kha nang in 3D Dat
Co thé st dung cho nhiéu dbi tuong Pat
bung kich co Dat
2 Kich thudc Kha nang ca nhan hoa Dat
Kha nang tuy chinh Dat
Kha nang chiu luc Pat
Do bén Pat
3 Co hoc e - —
Toi wu héa chiic nang bat
Chéng thim, chong nudc bat
i N D@ dang théo, lap Pat
4 Cong thai hoc SRR
Bé mat ém ai bat
5 Bao tri Dé dang lam sach Pat
. Khong can cong cu hd tro Pat
6 Lap rap A o s 5
Toi thi€u cac thanh phan Dat
. Khong c6 canh sic nhon hay cic yéu t6 nguy hiém khéc Dat
7 An toan :
Chong va dap DPat
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4.2. Két qua phan tich

Két qua qua trinh phan tich, kiém
nghiém bén cua chi tiét tdm trén cua nep co tay
in 3D thong qua Solidworks Simulation 2019.

oy

Hinh 17. Két qua qud trinh kiém nghiém img sudt

Ung suét phan b tuong dbi déu trén bé
mat chi tiét. Gid tri ing sut tdi da (1,977 x 10°
N/m2) nhé hon gia tri giéi han dan hdi cua vat
liéu nhya (4,17 x 10° N/m?). Chon hé sé an
toan FS = 1,5 [6]. Qua trinh kiém nghiém tng
suat dat yéu cau.

A

Hinh 18. Két quda kiém nghiém chuyén vi cua chi tiét

Gia tri chuyén vi 16n nhat (6,732x107
mm) nam trong khoang cho phép, bién dang
tap trung chu yéu vao vi tri khong duoc bo tri
nit cai lién két.

-~

Hinh 19. Két qua kiém nghiém bién dang ciia
chi tiét

Bién dang tap trung chi yéu ¢ khu vuc
chiu anh hudng boi vi tri khong c6 bd tri nat cai
lién két, co thé xem xét bo sung theo nit cai dé
dam bdo an toan cho nep.

5. KET LUAN

Céc giai phap cho cac bénh 1y vé c6 tay
hién nay tai Viét Nam dang chua thuc sy hi¢u
qua vi sy kho chiu gay ra cho ngudi bénh khi str
dung ciing nhu kha ning gay ra cac bién chimg
nguy hiém. Nep ¢ tay ché tao bang phuong
phap in 3D dang duoc nghién ciru va phat trién
tai nhiéu noi trén thé gidi nhu mot giai phap
thay thé tot hon. Cac quy trinh thiét ké, ché tao
nep co tay in 3D dd dugc dua ra dya trén viée
tham khdo, danh gia, phan tich cac nghién ctru
VA cac mau san phém da duoc thuong mai hoa.
Mau nep cb tay in 3D d3 dugc ché tao hoan
ch1nh va cho thiy kha nang dap ung cac yeu
cau k¥ thuat, yeu cau chirc ning va cac yéu td
c4 nhan hoa tot. Trong giai doan tiép theo, s&
c¢6 nhitng nghién ctru siu hon vé mot s6 van dé
nhu vat liu, céc tiéu chuan thiét ké, ché tao,
kiém nghiém, van hanh va an toan, cac van dé
vé kha ning cong nghé ctia may moc ciing can
duoc quan tam.
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