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TOI U HOA CAU TRUC CUA MAY IN 3D FDM DU'A TREN
PHUONG PHAP PHAN TiCH PHAN TU HOU HAN

THE OPTIMIZATION OF FDM 3D PRINTER STRUCTURE BASED ON FINITE
ELEMENT ANALYSIS
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TOM TAT

Bai bdo nay nghién civu vé cach cdi thién dé chinh xdc ciia may in 3D théng qua viéc toi wu
héa cau tric ciia may in 3D. Nghién ciru tdp trung vao mdy in 3D va sir dung phan mém Solidworks
dé tao mé hinh may in 3D. Sau d6, mé hinh dwoc phdn tich trén phan mém dé xdac dinh tinh bién
dang anh hwong dén cdu triic mdy in dudi tde dung cia dp liee, xdc dinh tan sé rung tw nhién anh
hwéng dén chdt eong in. Duea trén phén tich nay, cdc théng sé sau dwoc toi weu héa nhir dweong kinh
truc dan, dwong kinh vit me, dwong kinh 6, tang dé cimg vitng va giam dg vong ciia khung, lwa chon
vt lidu ¢é dé bén va do cung 16t hon, dam bdo chuyén dong can bdng va on dinh. Qua trinh 16i wu
héa dan dén su cdi thién dang ké vé tinh chit co hoc téng thé cia may in, trén co so do 16i wu dwoc
két cdu tong thé ciia mdy in da gip tang do chinh xdc dang ké ciia cdc chi tiét dwoc in.

Tw khoa: May in 3D FDM; Mo phong Solidwork; Ansys.
ABSTRACT

This article studies how to improve the accuracy of 3D printers through optimizing the
printer's structure. The research focuses on 3D printers and uses Solidworks software to create
3D printer models. Then, the model is analyzed on software to determine the deformation affecting
the printer structure under the effect of pressure, and determine the natural vibration frequency
that affects print quality. Based on this analysis, the following parameters are optimized such as
shaft diameter, lead screw diameter, drive diameter, increasing stiffness and reducing deflection
of the frame, selecting materials with durability and stiffness better, ensuring balanced and stable
movement. The optimization process results in a significant improvement in the overall mechanical
properties of the printer, on that basis optimizing the overall structure of the printer has helped

significantly increase the accuracy of printed parts.

Keywords: FDM 3D printer; Solidwork simulation; Ansys.
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1. GIOI THIEU

May in 3D sir dung cong nghé¢ FDM
(Fused Deposition Modeling) dugc ung dung
rong rai trén thi truong nho do chinh xac cao,
gi4 thanh thap va dé dang tim kiém vat liéu in.
Maic du cong nghé FDM c6 xu hudng truong
thanh, nhung vin con nhiéu han ché trong qua
trinh tao mau va san xuit nhu d6 chinh xac cua
khuon, loai vt liéu, v.v. Cac yéu té anh huong
dén do chinh x4c tao mau cua may in 3D loai
FDM c6 thé chia thanh 04 nhém: Phan mém,
thuat toan diéu khién, cu tric co hoc, v.v. Hién
nay, nghién ciru vé cdu trac co hoc ciia may
in chu yéu tap trung vao cac bo phén riéng 1¢
nhu voi phun, c0t, v.v., it quan tam dén céu trac
téng thé ciia may in 3D, thiéu tinh toan dién va
do sau nghién ctru chua du [1].

Bai bao nay chon mgt may in 3D dang
core XY lam ddi twong nghién ctru. Dau tién,
mo hinh téng thé cua may in 3D dugc tao mo
hinh. Thtr hai, phan tich co hoc tinh va phan
tich co hoc dong cuia mo hinh may in da dugc
thiét 1ap, dugc thuc hién bang cach st dung
phan mém Ansys Workbench dé c6 duoc d6
thi bién dang, tan s6 tu nhién va hinh dang mo
hinh ctia mé hinh may in. Cubi cung, két qua
ctia phan tich phan t hitu han dugc st dung
lam tham khao dé tdi wu hoa ciu trac co hoc
clia may in.

2. THIET LAP MO HINH PHAN TU HUU
HAN MAY IN 3D

2.1. Xay dung m6 hinh CAD cho may in 3D

Dong mdy in core XY la mét trong
nhitng dong may in FDM pho bién nhat hién
c6 trén thi truong [2]. Uu diém ciia dong may
nay 1a ciu trac co hoc don gian va do chinh
xéac cao. Hé théng dau phun cta may bao gdm

chirc ndng nap va nung chdy, trong qué trinh
hoat dong cia may, né di chuyén doc theo truc
bac dan co dinh.

Nén tang tao mau nim trén truc bac
dan phia duéi ciia may in 3D va hudng chuyén
dong cua nén tang vudng goc voi mit phing
chuyén dong cua hé théng dau phun. Dé phan
anh chinh xac tinh huéng thyc té cia may in,
phﬁn mém Solidworks duge sir dung dé mo
hinh héa ciu trac tong thé ctia may in 3D theo
kich thudc thuc té ctia né. Trong qua trinh tao
mo hinh, theo mirc d6 anh huéng dén qué trinh
phan tich phan tir hitu han tiép theo, cau tric
méy in dugc don gian hoa. Hai 6 truc vit bén
ctia may in 3D c6 thé duoc thay thé bang 6 truc
truc hinh try tiéu chuan giéng nhau, b qua day
dai dong bo va don gian hoa dong co budc bang
mo hinh dong co c6 cung trong lugng va hinh
dang. Ché d6 don gian hoa cua ciu trac tong
thé may in 3D va cac thanh phan chinh ciia nd
dugc minh hoa nhu hinh 1.

Hinh 1. M6 hinh don gian hoa cua may in 3D:
1 — Thanh dam; 2 — O do truc dirng; 3 — Oc vit
don gian hoa; 4, 5 — Dong co buoc; 6 — 10) truc
ngang; 7 — Pong co cdp liéu; 8 — Piém din;
9 — BG phdn nung chay dau phun;
10— Thanh dan huéng.
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2.2. Cac vat liéu chinh cia khung may in 3D

Khung may in 3D chu yéu duoc lam tir
hop kim nhom (nhom dinh hinh). Loai hop kim
nhom 13 6060-T5 [3]. Mbi ndi giita hai thanh
nhom 1a mot gid d& cb dinh va ciing duge 1am
bang hop kim nhom. Pé thuan tién cho viéc
tinh toan, ching t6i da thiét lap tinh chat cua
vat liéu mot cach thong nhat. Puong kinh cia
6 truc ding va ngang cia may in 3D 1a 8mm va
vat liéu 1a thep chiu luc GCR15 [4] Trong may
in, phan két n01 cua dong co, phan ¢d dinh dau
phun va phan 6 truc ngang c6 dinh 1a cac thanh
phan c6 vat liéu PLA [7].

Bang 1. Tinh chét ciia cdc vat liéu chinh cua
khung may in 3D

. .. | Khdilwong | Hésé6 = Mo dun
Loai vat o . s LA
lidu riéng ban dan hoi
: (Kg/m®) kinh (GPa)
Thép chiu | 2¢1 0.3 208
luc
Hop kim 2700 0.33 70
nhom
PLA 250 0.402 ~3.5

2.3. Cach xir Iy bé mit tiép xiic ban in cia
may in 3D

Phuong phap gia cong bé mit tiép xiic
co hoc rét quan trong ddi véi cu tric co hoc.
Mit tiép xic ctia md hinh mdy in c6 thé dugc
chia thanh hai loai chinh: tiép xtic ¢6 dinh va
tiép xuc khong tach roi. Tiép xuc ¢ dinh thich
hop cho cac ddi twong co cach chuyén dong
gidng nhau, hai déi twong khong thé tach roi
hodc truot con, tiép xuc khong tach roi co thé
c6 khe ho cho phép xoay, nhung khong cho
phép di chuyén ngang. Thanh nhém dugc lién
két béng gia do va dugc van chat béng vit loai
M5*8. Luec siét trudc 14 6,4kN, di dé cb dinh
chic chin khung may in 3D. Do do, tiép xuc
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cua cac vit ¢d dinh trén ciu trac may in dugc
coi 1a tiép xuc ¢ dinh. Trong hé théng dau
phun va nén tang tao mau, bé mat tiép xuc voi
6 truc ngang s& ¢ trang thai tron truot khi may
in hoat dong.

3. PHAN TiCH PHAN TU HU'U HAN CUA
CAU TRUC MAY IN 3D

Trudc khi thuc hién tinh todn phan tich
phan tir hiru han, can phai chia ludi cho mo
hinh may in, ddy 1a mot phan quan trong cta
phuong phap phan tir hitu han. Chat lugng cia
ludi s& anh huong dén viée truyén tai lyc trong
qua trinh tinh toan phan tir hitu han, ultimately
¢6 thé anh hudng dén do chinh xac cua két qua
tinh toan. Duéi diéu kién mac dinh cua phén
mém Ansys Workbench, chit lugng cua ludi
thu duoc tuong ddi thod va ludi gita cac thanh
phan khac nhau c¢6 sy chénh léch 16n. C6 nhiéu
phuong phap chia ludi khac nhau trong phan
mém phan tich phan tir hitu han. Phan co khi c6
hinh dang thong thuong. Khi tdi uu hoa ludi,
nguoi ta st dung phuong phap uu tién hinh luc
lang dé toi wu hoa ludi. Chat luong ludi trung
binh sau khi t6i wu héa la 73,6%. Muc dich
chinh ctia phan tich phan tir hiru han 1a kham
pha d6 6n dinh ctia ciu trac co hoc ctia may in
3D va phan tich phan tir hitu han cta toan bd
céu trac may in 3D cha yéu c6 thé dugc chia
thanh phan tich tinh va phan tich mé hinh.

3.1. Phan tich két cAu tinh ciia may in 3D

Muc dich chinh cua phan tich tinh la
phan tich dg tin cay cua ciu tric co hoc cua
may in 3D va thao luan vé cac khuyét tat tiém
an trong cdu tric cia may in. Trong phan tich
tinh cua phén tor hiru han, day cua bdn chan dé
hop kim nhém dudi may in duoc c¢b dinh. Sau
khi hoan thanh viéc dt diéu kién bién va tbi uu
hoéa ludi ctia may in, két qua phan tich tinh cua
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may in dudi trong luc cta chinh n6 dugc hién

thi trong Hinh 2.
3 WH' lq‘ H

Hinh 2. (a) Bién dang tong thé ciia mdy in nhin tir
phia truée (phan tich tinh), (b) Bién dang tong thé
cua may in nhin tie phia dwoi (phan tich tinh),
(¢c)Phdn bé dp luc (phan tich tinh)

Phan tich két qua phan tich tinh cho két
qua Hinh 2c 14 biéu do phan bé ap luc cho thay
cac bd phan chiu tai chinh ciia may in tap trung
& cac diém tiép xtc gitra gia d& phia dudi va cot
try, cling nhu tiép diém cta nén tang tao mau
va hé thong dau phun véi truc quang. Hinh 2a
cho thay téng thé may in bi bién dang nhiéu
nhat & hé théng cap liéu. Xu huéng bién dang 1a
vuon ra ngoai tir diém cd dinh cua 6 truc ngang,
hinh dang bién doi ting dan va bién dang t6i da
dat 0,117mm. Hinh 2b cho théy bién dang cta
nén tang tao mau c6 xu hudng khong ddi xtimeg.
Bién dang ctia phia dudi khoang 0,01mm, trong
khi phia trén dat 0,06mm. Hién nay, duong
kinh dau phun ctia may in 3D loai FDM trén thi
truong thuong 1a 0,3-0,4 mm va do chinh xac
tbi da cua may in co thé dat 0,1 mm. Ngoai ra,
trong thyuc té, do ddu phun néng chay ctia may
in khong duoc c¢b dinh chic chan nén trong qua
trinh tao mau co thé bi lac nhe. Xét dén anh
hudng cua cac yéu td nay, bién dang cau tric
tong thé ciia may in 3D trong phén tich tinh s&
anh huong 16n dén 11 tao mau.

3.2. Phan tich mo hinh cia may in 3D

Trong moi truong hoat dong cuia may
in 3D, su kich thich 1a tai dong, va can tranh
truong hop tan sd ty nhién trung véi sy kich
thich bén ngoai [5]. Khi giam tin s cong
hudng cua ciu tric co hoc, né khong chi co thé

cai thién d¢ on dinh cua chinh may in ma con
gidm tai cho may va kéo dai tuoi tho cua may.

Trong qué trinh hoat dong cua may
in 3D, nguén kich thich chinh duoc tao ra boi
dong co budc, ¢ mirc twong ddi thip. Trong
phan tich mo6 hinh ciia mdy in 3D, dac tinh rung
va tan sb tu nhién cua bac 1 dén bac 4 duogc
chon va két qua phéan tich mo hinh cua toan bo
cAu triic mdy in dugc thé hién trong Hinh 3. Tir
két qua phan tich mé hinh c6 thé thay, tin s6
mo hinh tir bac 1 dén bac 4 nam trong khoang
39-68Hz. Khi tan s thip, may in c6 hién tuong
rung 1o rang, nhu hai bén cot may, phan dam va
hé thong dau phun. Khi tién hanh phan tich va
t6i wu hoa, can co nhimng bién phap tdi wu hop
1y cho cac by phan nay.
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Hinh 3. Phan tich mé hinh cua toan bo cdu triic
mdy in 3D

3.3. To6i wu h6a h¢ thong diu phun

Pé kiém tra tinh kha thi ciia phuong
phap, dau tién voi phun duoc tach ra, sau d6 hé
théng voi phun cia may in trude va sau khi tach
dugc tinh toan dé thyc hién phan tich tinh. Két
qué phan tich tinh vé bién dang duoc thé hién
trong Hinh 4 (a), (b). Ttr phan tich tinh trong
Hinh 4, c6 thé thiy bién dang 16n nhit ctia hé
théng dau phun trude khi tach 1a 0,0788mm va
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bién dang 16n nhét sau khi tach 1 0,0117mm.
Luong bién dang cua hé thong dau phun sau
khi tach ban dau so voi trude khi tach da thay
ddi dang ké. Do hiéu qua cai thién cua phin
tich tinh cua voi phun tach roi, thiét ké cua bd
phan voi phun duoc t6i uru hoa. Trong qua trinh
hoat dong ctia may in 3D, nhiét d§ cua PLA
nong chay la tr 180-210 d6 C, quat lam mat
duogc dat ¢ hai bén cua voi phun.

(a)

ib)

Hinh 4. Bién dang tong thé cia hé thong dau phun
truoc va sau khi tach

(a) : (b)
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Hinh 5. (a) M6 hinh dau in va (b) mdt cdt gid do
co dinh

Tom lai, PLA dap tng cac yéu cau vé
thiét ké gia do co dinh ho trg voi phun veé do
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bén co hoc va kha nang chiu nhiét. Gia do )
dinh duoc thiét ké va bo phan voi phun dugc
lap rap, sau d6 thuc hién phan tich co hoc tinh
ctia phan tir hitu han. Két qua phan tich dugc
thé hién trong Hinh 5 (c). Sau khi lap dat gia do
¢ dinh dugc thiét ké, co thé thay tir Hinh 5 (c)
rang bién dang t6i da ciia hé thong dau phun 1a
0,0090mm.

3.4. To6i wu hoa tong thé cau triic may in 3D

Tir phén tich phan tir hitu han tinh cia
toan bo cau trac may in 3D, c6 thé thay tir Hinh
2 (b) rang bién dang ctia nén tang 1a khong d6i
xtng. Ly do chinh 13 6 truc d& dudi nén tang
tao mau khong d6i xing, can bd sung 6 truc
tuyén tinh ¢ dinh ¢ phia bién dang 16n hon cua
nén tang dé dam bao do d6i xtmg tét ctia nén
tang tao mau.

Pé giai quyét nhitng van dé nay, cic cot
hai bén may in duoc ¢ dinh ddi ximg bang vat
li¢u hop kim nhom 2020, cudi cung, toan bd
khung cua may in 3D c6 dang hinh vuong. Trén
co s& ndy, sau khi 1ap gia d& ¢ dinh duoc thiét
ké, hé théng dau phun duogc ¢ dinh trén toan
bd khung may in. Tién hanh phan tich phan tu
hitu han vé tinh va dong cua toan bo cAu trac
may in 3D, bién dang cua phén tich tinh cua
toan bd ciu trac may in dugc tdi wu hoa duoc
thé hién trong Hinh 6.
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Hinh 6. Bien dang cdi tién cua toan bo cau tric

may in 3D
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C6 thé thay tir phan tich tinh cua toan
bd céu trac, bién dang 16n nhat cia mdy in
3D duoc t6i wu héa 1a 0,0207mm, ndm & h¢
thong dau phun. So véi bién dang trude dé 1a
0,117mm, bién dang tinh cia may in 3D dugc
tdi wu hoa da dugc cai thién tdt hon. Phén tich
mo hinh tong thé ciia may in 3D duogc cai tién
duoc thé hién trong Hinh 7.
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Hinh 7. Phén tich mé hinh tong thé ciia mdy in 3D
da cdi tién

Hinh 8. Sy tiwong phdn tao mau thyc té ciia may in
3D truéce va sau khi cdi tién

Trong két qua phan tich mé hinh, tin
sd ty nhién cia timg bac cia may in 3D cao
hon so v6i cdu triic ban dau. Khi quan sat cac
ché d6 rung & mdi bac tan s tu nhién, ¢ tan
sO thap hon, khong co h1en tuong rung nghiém
trong & cot va dam cua cAu trac may in 3D da
cai tién, va chi ¢ tan sd tu nhién bac thr hai va
thir tw mé&i c6 mot rung dong nhé & dam. Ngoai
ra, thuc hién viéc so sanh tao mau giita mdy in
3D trude va sau khi tdi uu hoa, duoc thé hién

trong hinh 8. Pdi twong dugc tao mau & phia
bén phai cua hai buc anh dugc tao ra boi may
in 3D dugc ti wu hoa, cac diéu kién khac déu
gidng nhau ngoai trir sy khac biét nho vé mau
sdc cua vat liéu tao mau.

4. KET LUAN

Tir phan tich cau trac téng thé ciia may
in 3D, d§ cung cua thiét bi ¢d dinh cot phu trg
ban dau twong d6i kém, va trong phén tich phan
to hru han c6 hi¢n tugong rung dong rd rang
hon. Sau khi t6i vu héa cdu tric may in 3D,
khung tong thé ctia méy in ¢6 dang hinh vudng,
tan sd tu nhién cia tung bac dugc cai thién
dang ké, ché do rung cling on dinh hon, bién
dang tdi da cua ciu tric tong thé may in 3D
giam tur 0,117mm xuéng 0,02 1mm, chét luong
bé mit cta vat thé tao mau ciing dugc cai thién
t6t hon.

V& hé thdng dau phun ctua may in 3D,
can giam trong luong hop 1y trong qua trinh
thiét ké, n6 c6 tac dung rat 16n trong viéc giam
tai cho truc quang va nang cao dé chinh xac.
Puong kinh cua 6 truc ngang di dong str dung
can phu hop, khi duong kinh ctia 6 tryc ngang
dat dén mot giGi han nhat dinh, khi duong kinh
tang lén, cac thong s6 dong va thong sé tinh cia
hé théng dau phun s& khong thay doi dang ké.

Noi tom lai, sau khi tdi wu hoa cdu tric
clia may in, may in 3D di dat duoc két qua tot
trong phan tich phan tir hitu han va tao méu
thuc té.

Lo1i cam on:

Nhom tac gid xin chan thanh cam on
Truong Pai hoc Mo — Dia chat da hd trg nguén
luc dé thuc hién nghién ctru co sO nay, ma dé
tai T23-09.+
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