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NGHIEN C(PU CHE TAO MAY IN 3D - FDM VA ANH HUONG CAC
THONG SO HOAT DONG MAY BEN SAN PHAM

RESEARCH ON MANUFACTURING 3D-FDM PRINTING MACHINE AND
THE INFLUENCE OF THE OPERATING PARAMETERS ON SAMPLES
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TOM TAT

May in 3D theo nguyén Iy FDM mét dau phun da diege nghién civu thiét ké ché tao, mdy c6
kich thuée la 500 x 500 x 500 mm, c6 thé ché tao dwoc chi tiét véi kich thude 16m nhdt 280 x 280
x 180 mm. Vit lidu ché tao la nhua dang soi PLA, ABS. Toc dé dau phun co thé diéu chinh tir 50
mm/s dén 300 mm/s, dwong kinh dau phun la 0,4 mm, bé day lop in tir 0,2 mm dén 0,4 mm. Két qua
nghién ciru cho thay may cé kha ning hoat déng tot, ¢é do on dinh, do chinh xdc kha cao. Khi ting
toc do dau phun tir 100 mm/s dén 250 mm/s thi thoi gian ché tao gidm 53%, bé day I6p ché tao ting
tir 0,2 mm dén 0,35 mm thi thoi gian ché tao giam 45%,; d¢ sai léch kich thudc trong cd hai truong
hop khong 16n hon 1%. Tuy nhién, khi ting toc dé dau phun, ciing nhw ting bé day mét 1op in thi
chat lwong do bong bé mdt giam, ddc biét voi nhitng mat hinh hoc dang cong.

T khéa: Ché tqo chi tiét timg I6p; In 3D; FDM; Tao mdu nhanh.
ABSTRACT

3D printer based to the principle of FDM one nozzle has been researched, designed and
manufactured. The machine has a size of 500 x 500 x 500 mm, can manufacture samples with the
largest size of 280 x 280 x 180 mm. Sample materials are PLA, ABS filament plastic. The nozzle
speed can be adjusted from 50 mm/s to 300 mm/s. The printing layer thickness is from 0.2 mm to 0.4
mm. Research results show that the machine has good performance, stability and accuracy. When
increasing the nozzle speed from 100 mm/s to 250 mm/s, the fabrication time is reduced by 53%.
Also, the thickness of one fabricated layer increases from 0.2 mm to 0.35 mm, the manufacturing
time is reduced by 45%. The size deviation in both cases is not more than 1%. However, as the
nozzle speed increases, as well as increases the layer thickness, the surface gloss quality decreases,
especially with curved geometries.

Keywords: Additive manufacturing; FDM; 3D printing,; Rapid prototyping.
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1. PAT VAN PE

Cong nghé tao mau nhanh con goi 1a in
3D da va dang tr¢ thanh mot trong nhitng xu
hudng phat trién khoa hoc cong nghé mai, hién
dai trén thé gi6i. Hién nay, cong nghé in 3D da
duoc g dung trong viéc tao san phém nhanh,
phuc vu doi séng xa hoi va dac biét trong mat
sO linh vuc nhu thiét ké phat trién san pham, y
hoc va cac nganh cong nghiép; hoac lam mo
hinh dé dénh gia va phan tich san pham, phuc
vu trong dao tao, nghién ctru ¢ cac truong, vién.
Cong nghé in 3D 1a ky thuat dugc sir dung dé
ché tao md hinh vat thé mot cach ty dong, tur
ngudn dit liéu thiét ké 3D trén may tinh, bang
phuong phép dap dan vat lidu timg 16p, v6i tde
d6 nhanh hon rat nhiéu lan so v&i cac phuong
phép gia cong truyén théng. Su phat trién cia
may in 3D con chiu tac dong tir rit nhiéu cong
ngh¢ khac nhu: ky thuat hé théng, khoa hoc vat
li¢u, cong nghé laser, k¥ thuat ché tao, cong
nghé y sinh, k¥ thuat diéu khién tu dong. Céc
san pham may in thuong mai duoc san xut
khong nhitng bdi cac cong ty nhu 3D System,
Stratasys, Z- Corporatlon ma con duoc nghlen
ctru ché tao boi nhiéu trudng dai hoc trén thé
gi6i nhu Pai hoc Cardiff (Anh) [2].

O Viét Nam, di co6 kha nhiéu nghién
clru vé tao mau nhanh, ap dung trong mot sb
linh vuc cong nghiép nhu: thiét ké ché tao may
in chi tiét nhua 3D tng dung trong y té va gido
duc cua Truong Pai hoc Bach khoa Ha Noi [3],
may in 3D Marker GEM dya trén cong nghé
in 3D - DLP cua Cong ty C6 phan 3D-Maker
da dugc thuong mai hoa trén thi truong [http://
www.3dmaker.vn/]; nghién ctu Gng dung in
3D trong thuc phim chocolate phuc vu linh
vuc an uéng va trang tri, dua trén nén tang vat
li¢u PLA va ABS, cling da dugc nghién ctru béi
nhom tac gia cua Truong Dai hoc Cong nghiép
Thue pham TP. Hb Chi Minh [5]. May in 3D
FDM ciing da dugc nghién ctru boi nhém tac gia

Truong Pai hoc Giao thong Van tai [4]. Ngoai
ra, in 3D cling da dugc nghién ctu ap dung
trong vat liéu in hé gbm su, do nhém nghién
ctru cua Truong Pai hoc Bach khoa TP. Hd Chi
Minh [1]. Trong cac cong nghé in 3D nhu SLA,
SLS, LOM, FDM, 3DP, thi cong nghé¢ FDM la
giai phap cong nghé duoc tng dung nhicu ¢
Viét Nam dua trén nhitng vu diém nhat dinh vé
chi phi ré, chét lugng va do chinh xac hinh hoc
dat yéu cau. Cac nghién ctru duge dé cap di co
nhitng thanh cong nhat dinh dé ung dung in 3D
trong mot s6 linh vuc; ké thura nhitng két qua
nghién clru trudc day, nhom nghién ctru da thuc
hién ché tao may in 3D FDM c6 quy md kich
thudc nho, phuc vu cho cong tac dao tao va
nghién ctru. Bai bao nay trinh bay két qua thiét
ké ché tao méy in 3D-FDM; anh hudng ctia cac
yéu t6 bé day 10p, toc do di chuyén dau phun
dén chat lugng chi tiét va thoi gian ché tao san
pham, nhim danh gia kha nang hoat dong cua
may in 3D & céac ché dd hoat dong khac nhau.

2.VATLIEU VA PHUONG PHAPNGHIEN
cuu

Duya trén co so phan tich, ké thira tur
két qua cac cong trinh di cong bd; nguyén 1y
may in 3D-FDM (Fused Deposition Modeling)
dugc nghién ctru thiét ké va ché tao. Vat liéu
ché tao may in 3D la thép khong ri, két hop
v6i cdc vat ligu nhua ABS dam bao do bén, do
chinh x4c. Phin mém thiét ké CAD 3D duoc
sir dung dé thiét ké may va thiét k& mo hinh chi
tiét nhua trudce khi ché tao. Vat liéu nhua PLA
dang soi duoc str dung dé ché tao chi tiét mau
trong qua trinh thi nghiém, dé danh gia vé chat
luong bé mat, do chinh xac, thoi gian ché tao
mau Ung véi ting thi nghiém.

2.1. Nguyén ly ciia may in 3D — FDM

So d6 nguyén ly hoat dong cia may in
3D-FDM nhu Hinh 1.
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Hinh 1. Nguyén ly lam viéc cua may in 3D-FDM.

Vit liéu nhua dang soi duoc cung cip
dén dau phun nho bd phan dun nhya; tiép dén
nhua s& duoc néng chay va dugc ép ra khoi dau
phun, léng dong lai sau khi thoat ra khoi dau
phun. Chuyén dong cta dau phun dugc diéu
khién theo phuong XZ, dua theo tiét dién cua
chi tiét duoc thiét lap theo dir liéu thiét ké 3D
dd duoc cung cdp dén may in. P& (ban) may
duogc di chuyén theo phuong Y trong qua trinh
ché tao. Giéng nhu céc phwong phéap in 3D
khac, thiét bi FDM c6 nguyén 1y tao hinh chi
tiét 1a dép dan tung 16p vat liéu; 16p vat li¢u sau
khi qua dau phun sé lang lai, hoa ran va lién két
voi 16p in trude do.

Khao sit , dénh gli téng quan cbng nghd in 3D

Liga chon phurong 4n v thidt ki tdng thé méy in FDM

Tinh todn thidt k& céc bd phiin clia méy in 3D - FOM

B digu khin; BSphin nap liéu;

Pt 85 phin &hu phun

Xy dyng quy trinh gia cdng vi ché tgo miy in 3D
Quy winh gia cbng

Ché tgo mdy in 30 - FOM

Lip rép va viin hianh khio nghiém may
Xéc @loh ché &9 lam vide hep Iy Do dgt, dinh gié céc théng 56
Hinh 2. Quy trinh thiét ké ché tao mdy in
3D-FDM.

|¢

Quy trinh thiét k& va ché tao may in
3D-FDM dugc thé hién qua Hinh 2. Sau khi
phan tich Iya chon phuong 4n thiét ké may
FDM, cac bd phan két cdu may, truyén dong,
nap liéu, dau phun, bd diéu khién, va cic bod
phan phu khac dugc thiét ké, gia cong ché tao.
Sau khi duogc ché tao va lép rap hoan chinh,
may duogc khdo nghiém véi cac mau thir khac
nhau dé d4nh gia kha ning hoat dong ctia may,
cac yéu to anh huong dén hoat dong ctia may
va chat lugng bé mit clia san pham.

2.2. Phwong an thiét ké may in 3D-FDM

Trén co so phan tich cac thiét ké hién c6
nhu may FlashForge, Ultimaker, DeltaRostock,
RerapPrusa, Castesien XY, Castesien XZ,
phuong 4n thiét ké dwoc lya chon cho mé
hinh mady FDM la phuong an Castesien XZ.
Trong d6, bé chira chi tiét (dé/ban in) dugc
dich chuyén theo phuong Y, dau phun nhya sé
dugc dich chuyén theo phuong XZ. Qua trinh
chuyén dong cta céc truc dugc didu khién bang
cac dong co budc, chuyén dong bé chira mau
chi tiét, diéu khién nhiét d6 dau phun, va cac
hé thdng khac duoc tich hop trong mach didu
khién Arduino, véi phén mém co giao dién truc
quan d& sir dung. Chuong trinh diéu khién tur
may tinh dugc chuyén dén bo vi diéu khién
Arduino Mega2560 thong qua cong USB. So
d6 diéu khién duoc thé hién qua Hinh 3.

Ngion ditm

Cae djng ew,
i cim blen v tri, nkit,
Mlim hink hien thi

Hinh 3. B diéu khién mdy in qua mach vi xir Iy
Arduino Mega2560.

2.3. Qua trinh tao miu chi tiét bang may in
3D-FDM

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 295, thang 10 nim 2022 B4
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

= | / - = - ¢
Thiét ké 3D Dinh dang Xily n%"n Xay :dlnlg ['I'._q.:'__la;\chl
=STL Simplify oo i 3 tic1 thir

Hinh 4. Qud trinh ché tao mau bang in 3D-FDM.

Qua trinh ché tao méu chi tiét bang thiét
bi in 3D-FDM duoc thé hién trén Hinh 4. Truée
tién, mo hinh 3D cua chi tiét dugc thiét ké trén
phan mém CAD, sau d6 dugc chuyén sang dang
dit liéu *.STL, phan mém Simplify s& phan tich,
tao 16p va bd phan d& chi tiét trong qua trinh ché
tao, ké tiép chi tiét s& dugc ché tao ting 16p dé
c6 san pham vat 1y that sau ciing.

3. KET QUA VA THAO LUAN
3.1. Két qua thiét ké ché tao may in 3D-FDM

Két cau ctia mo hinh may in 3D-FDM
sau khi dugc thiét ké, ché tao 1ap rap hoan chinh
va bd phan dau phun (in phun) nhua duoc thé
hién trong Hinh 5. Phin mém Simplify3D ding
trong nghién ctru va hoc tap duoc st dung dé
kiém tra, phan tich, thir nghiém cho thiét bi nay.
Két qua khao nghiém cho thidy may in da dat
dugc su 6n dinh kha tét. Trong d6, van toc di
chuyén cuia dau phun duoc xac dinh thich hop
trong khoang tir 50 mm/s dén 300 mm/s; bé day
16p in o thé ché tao tir 0,2 mm dén 0,4 mm;
dau phun c6 duong kinh 13 0,4 mm. Céc thong
s6 k¥ thuat cua thiét bi in 3D-FDM duoc trinh
bay trong Bang 1.

Ong din nhya

Bing cor Bi didu khién

Hinh 5. Két cdu mdy in 3D - FDM (trdi) va dau
phun nhya (phai).

Bdng 1. Théng so kj thudt ciia mdy in 3D - FDM

Théng s6 ky thuat Gia trj
Kich thuée mdy: Daix | ¢0 500 x 500 mm
Rong x Cao
Kich thuéce budng ché 300 x 300 x 200 mm

tao: Dai x Rong x Cao

Khong gian ché tao chi

tiét: Dai x Rong x Cao 280 x 280 x 180 mm

Van toc dau in thich hop 50 + 300 mm/s
Puong kinh dau in phun 0,4 mm

S6 dau in 1 d¢au phun
Vit liéu nhya ché tao mau Nhya soi PLA
Nhiét d6 dau phun thich Cane
hop dbi v6i nhya PLA 190+230°C
Bé day 16p in pht hop N
v6inhua PLA 0,2+ 0,4 mm

Két qua khao nghiém may véi vat liéu
nhua PLA, dudng kinh 1,75 mm cho thidy may
in 3D-FDM dugc ché tao co do clng viing va
do 6n dinh tét, do rung dong khong dang Kké,
khong anh huong dén chat luong ctia san pham.
Do chinh x4c cta chi tiét so véi thiét ké ban dau
cao, chat luong bé mat chi tiét duge ché tao
theo danh gia cam quan 1a dat yéu cau. May in
¢6 thé ché tao duoc cac chi tiét nhya co do phuc
tap vé hinh dang kha cao, kich thudc chi tiét t6i
da co thé ché tao dugc 1 280 x 280 x 180 mm.
Chét lugng vé d6 nhin bong bé mit chi tiét phu
thudc vao ché do va cac thong s6 hoat dong cua
may.

3.2. Anh huwéng cia téc do dau phun dén
thoi gian cheé tao va chat lwgng bé mat

Thoi gian ché tao va chét luong bé mat
chi tiét da duoc nghién ctru v6i su thay doi van
tde di chuyén dau phun, vat liéu ché tao 1a soi
nhua PLA, nhiét do dau phun nhya 1a 210 °C.
Ba mau san pham thiét ké khac nhau vé hinh
dang duoc ché tao v4i bé day cua mdt 16p in 1a
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e = 0,2 mm. Két qua nghién ctru cho thay khi
tdc d6 di chuyén dau phun tang thi thoi gian ché
tao chi tiét giam dang ké. Cu thé, khi téc d6 dau
phun & 100 mm/s, thoi gian ché tao mau trung
binh 13 51 phat. Khi ting tbc d6 dau phun dén
150 mm/s, 200 mm/s va 250 mm/s, thi thoi gian
ché tao mau trung binh twong tGng 1a 39 phut,
32 phat va 24 phut (gidm tuong ung 1a 24%,
37%, 53% so v6i ban dau) nhu d6 thi & Hinh
6. Trong khi do, sy sai 1éch vé kich thudc chiéu
cao cua chi tiét so voi thiét ké khong dang ké
(0,7%). Chét lugng bé mait cta san phérn duoc
danh gia cam quan cho thiy khi ting téc do di
chuyén dau phun, d0 nham bé mat tang, dac
biét vdi céac chi tiét c6 hinh dang hinh hoc phtrc
tap, mit nghiéng va mat cong. Vi ba mau san
phém duoc nghién cuu, tde do di chuyén dau
phun thich hop dé c6 chat lugng bé mit tét 1a
100 mm/s va 150 mm/s.

Ank hiromg cwa van 6 dau phum dém théd giam ché taw
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Hinh 6. Anh hieong ciia vén toc dau phun dén thoi
gian che tao chi tiet.
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Hinh 7. Anh huéng ciia bé day mét I6p in dén thoi
gian che tao chi tiet.

3.3. Anh huéng cia bé day 16p in dén thoi
gian ché tao va chat lwgng bé mat

Anh huéng cua bé day 16p in khi ché
tao da duoc nghién ciru mg véi ba mau chi
tiét khac nhau, van tdc dau in 1a 100 mm/s,
nhiét do dau phun 1a 210 °C, vat liéu ché tao
mau 1a nhya PLA. Khi bé day 16p in chi tiét
0,20 mm thi thoi gian ché tao chi tiét trung
binh 1a 52 phat. Khi thay doi bé day 16p in
taing dén 0,25 mm; 0,30 mm va 0,35 mm thi
thoi gian ché tao chi tiét trung binh twong tng
41 phut, 34 phut va 28 phut (giam tuwong Gng
21%, 34% va 45%) nhu Hinh 7. B§ sai 1éch
kich thudc chi tiét so véi thiét ké tir 0,8% dén
1,0%. Do bong bé mit chi tiét, qua danh gia
cam quan cho thay, khi ting bé day 16p ché tao
thi d6 nhin bong bé mat giam, dic biét voi chi
tiét co dang con, hodc bién dang duong cong.
Do bong tot nhét trong cac thi nghiém khi bé
day 16p ché tao 12 0,2 mm.
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Hinh 8. Cdc mé hinh thiét ké va chi tiét duoc
ché tao trén may in 3D-FDM.

4. KET LUAN

Thiét bi in 3D-FDM di dugc ché tao,
hoat dong c6 do on dinh cao, c6 do chinh xéc
chi tiét kha tot, c6 thé ché tao dugc cac chi tiét
mau bang nhwa PLA c6 d6 phtc tap kha cao voi
kich thudc toi da 1a 280 x 280 x 180 mm. D sai &
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léch kich thudc ciia chi tiét so voi thiét ké chua
vuot qua 1% trong tat ca cac thi nghiém da thuc
hién. Tuong mg véi vat ligu nhya PLA, duong
kinh 1,75 mm thi nhiét d6 dau phun phu hop tir
190 °C dén 230 °C tuy theo diéu kién hoat dong.
Khi hoat dong, can phai cai dat cac thong sb
nhiét do dau phun, tbc do dau phun, bé day 16p
in v&oi mot gia tri thich hop, tng véi ting loai
nhua. Téc d6 dau phun ting, bé day mot 16p
in tang, thi thoi gian ché tao chi tiét s& giam,
chat luong vé do bong bé mit giam. Két qua
khao nghiém so bo cho thiy, v6i nhya PLA ¢
nhiét do dau phun 13 210 °C, bé day mot 16p chi
tiét duoc ché tao thich hop 1a 0,2 mm; tde do
dau phun tir 100 mm/s dén 150 mm/s s& phu
hop va dam bao dugc do nhan bong cua chi tiét
t6t. Vi cac diéu kién hoat dong va cac két qua
khao nghiém cho thdy, thiét bi in 3D-FDM c6
kha ning hoat dong on dinh, ¢6 do chinh xac
kha tdt, c6 thé duoc sir dung trong cong tac dao
tao, nghién ctru ché tao cac chi tiét nhya phuc
vu trong nghién ctru ing dung. <
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