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Cic may in 3D di va dang dwoc ing dung rong rii trong viéc tao sain phim phuc vu doi sdng, xa hdi. Cong
nghé in 3D 12 mgt cong nghé tao miu tién tién, cing véi cic nghién ciru vé vit liéu méi, cong ngh¢ in méi,
cAc san phiam ciia may in 3D ngay cang dwoc ing dung rong rii. Trén co sé ké thira cac nghién ctru di c6
va v6i mong mudn 1am chi cong nghé, phuc vu cdng tac dio tao trong trudng dai hoc, cac tac gia dé xuit
thiét ké, ché tao may in 3D theo cong nghé¢ FDM (Fused Deposition Modelling). Bai bao trinh bay cac két
qua tinh to4n thiét ké, ché tao may in 3D. Cac két qua in thir nghi¢ém di chitng minh dwgc cac tinh ning

ciia may dwoe thiét ké.
Tir khéa: FDM, mdy in 3D, nhwa ABS.
Chi sé phin logi 2.3

Study on the design
and manufacture of 3D-FDM printer

Summary

3D printers have been applied in
manufacturing from daily products
to industrial products. 3D printing
technology is an advanced prototyping
technology, along with researches on new
materials, new printing technologies,
3D printers are more widely applied.
On the basis of inheriting the available
researches and getting “know-how” of
the technology, as well as for training
in universities, the authors propose the
design and manufacture of 3D printers
using FDM printing method. This paper
presents the results of designing and
fabricating the 3D-FDM printer. The
printing test results have demonstrated
the functionalities of the designed
machine.

Keywords: ABS plastic, FDM, 3D printers.
Classification number 2.3

“Tac gia lién hé: Email: tranhientkm@utc.edu.vn

TAP CHI

HOAHOC ||,
ONG NGHE | IE{ Na 1200 12017

pat van de

Cong nghé in 3D dang 1a mot trong nhitng xu hudng phat
trién méi caa khoa hoc va ky thuat hién dai. Hién nay trén thé
gidi, cong nghé in 3D da duoc ung dung trong viéc tao san
phém phuc vu doi séng - x4 hoi. Mot s6 san phém duoc tao
bang cong nghé in 3D trong mot s6 linh vire nhu thiét ké thoi
trang, linh kién thay thé, thuc pham, cong nghiép, xdy dung
vay hoc [1-3].

Trong cac ing dung do thi viéc tao mo hinh 3D truc quan
dé phuc vu dao tao, tao mau thiét ké duge cha trong, mot )
mo hinh 3D dugc tao bang may in 3D dung dé phuc vu dao tao
dugc thé hién nhu in cac chi tiét hop giam tdc (hinh 1).

Hinh 1: hép giam t6c véi cdc chi tiét dioc tao bang cong nghé in 3D

Cong nghé in 3D 1a mot cong nghé tao mau tién tién. Cac
san phdm mdy in thwong mai dwgc san xuit khong nhiing boi
cac cong ty, tap doan nhu 3D system, Stratasys, Z Corporation
[4-6] ma con bai cac truong dai hoc nhu Pai hoc Cardiff &
nudc Anh. Tai Phong thi nghiém san Xuét phu trg, Pai hoc
Cardiff, cac nghién ciru v& may in cho cac san phim bang
nhya va kim loai da dugc nghién ctru tir nhitng nam 90 cua
thé ky XX [7, 8].
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Tai Viét Nam, cac nghién ctru vé tao mau dé ung
dung trong cong nghiép da duoc chi trong, nhiéu tac
gia, co sO san xudt da dé xuat nghién ctru ché tao may
in 3D nhu nhom nghién ctu thuéec Bd moén Co khi
chinh xac va quang hoc (Truong Pai hoc Bach khoa
Ha Noi) da thiét ké ché tao thr nghiém thanh cong may
in chi tiét nhwa 3D [9]. Méy in 3D 3DMaker® GEM
do Cong ty c6 phan 3DMaker (TP H6 Chi Minh) thiét
ké va ché tao dya theo cong nghé in 3D-DLP [10].

Céc két qua vé nghién ctru thiét ké ché tao may in
3D duoc dé cap ¢ trén da dat dugc cac két qua budc
dau vé giai phap cong nghé nhu tmg dung cong nghé
in FDM, DLP. K¢ thira cac két qua nghién ctru cta cac
nhom nghién ctru duoc trinh bay & trén, cac tac gia dé
xuét thiét ké va ché tao may in 3D chu trong t&i van
dé chat luong san pham in, trong d6 giai quyét duoc
cac van dé ton tai c6 anh huéng dén chét lvong in nhu
su toi wu vé ché do in. Bai bao trinh bay phuwong phap
thiét ké va ché tao may in 3D-FDM. Cac két qua thir
nghiém qua trinh in trén may 3D-FDM véi vat liéu
ABS dat dugc cac chi tiéu vé do chinh xac hinh hoc
cuia san pham.

Noi dung nghién ciu
Qua trinh in FDM

I Pau in

Soi vt liéu nong
chay

Sei vat liéu

Cudn vit liéu

San pham sau khi ran lai

Ban do

Hinh 2: phwong phdp in FDM (Fused Deposition Modelling)

Hinh 2 thé hién nguyén 1y ctia qua trinh in FDM.
Str dung phuong phap dun cac vt li¢u nhya nhiét déo
dua trén nguyén tac 1am nong chay s¢i nhya duge lang
lai thong qua mot ddu phun nhiét trén mot bé mat. Cur
dong cua dau phun dugc diéu khién dya trén sb liéu 3D
dugc cung cip dén may in. Mdi 16p sau khi ling lai s&
ran héa va lién két vai 16p duge in trude dé.

Quy trinh cdc budc thiét ké va ché tao mdy in
3D-FDM

Quy trinh thiét ké va ché tao may in 3D-FDM duogc
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thé hién ¢ hinh 3. Tur khao sat, danh gia tong quan vé
cong nghé in 3D, cac tac gia lya chon dugc phuong an
thiét ké va thiét ké tong thé may in 3D. Cac bd phan
ciia may in nhu b phéan in, hé théng diéu khién, két
céu thép dugc tinh toan thiét ké. Trén co sé do, 1ap quy
trinh céng nghé gia cong, ché tao cac chi tiét va 1ap rap
thanh may. Tién hanh in thir nghiém dé danh gia tinh
niang ciia may duoc thiét ké.

Khio sit, dinh gid tdng guan
vé chng nghé in 3D

—
[*Lia chon phueng in thiét ké may in Hchon p_hl:ﬂ!l ‘? esstfuas

*Téng quan vé ede img dung cia in 3D
* Téng quan va miy vi cic phoong
hip in 3D

»Phida tich load vt Bidu duce st dung in
3D cho cie sdn phim

Vi thiét ké ring thi may in
3D

= Tinh todn thigt ki diu in

= Tinh todn thigt ké hé thong gia nhidt
= Tinh todn thidt ké hé thdng din ddng
us trink in

*Tinh todn thidt kd b thing cung edp
vt ligu in

b+ Tinh todn, thist ke tong thé may in

——
[‘nn todm, tiét ké bd phin m‘
o
Tinh todn thict ke hé thong difu khitn Tinh todn, thiét ké bf thang
Xy dimg 50 44 mach didu khifn dién khién may in
——
‘Tinh todn, thiét ke két cin
thép ciia may in
*Xay dyng quy trinh cong nght che tao
ede chi titt thude bé phin din ddng cae

tryc in x‘)‘d"'&.z"‘ trinh cing
*Nay dumg quy trinh congaghé c]\e tan tho may in
eae chitiet thuge ket cd
+Xay dumg quy trinh
ede chi tiet thude bé thong didu khibn
\dy in

‘Tinh todn thist ke ket cau thép cua may]
Tinh todn thidt ké cic mbi Hén ket

(*XAy dumg quy trinh congnghe che o
e chi tiét thuje bd phin in

= = P Cha taomach didu khidn miy in
[ Chié tgo may in 3D P Ché to cac chi tit oo khi ciia may in

[y dumgg cuy trinh 1ip rip maby in
[r2xdy dumg quy trinh sir dung miy in

*Xic dinh cic thong sd can do dac thye
ghifm cia may
*E)e xuat cac thing sé lam vide hop 1Y

mar
l.hﬂlg 56 co bdn cida may, vic
djnh cic ché :: Tan vige hop iy

Hinh 3: quy trinh thiét ké, ché tao mdy in 3D-FDM
Lwa chon phuwong an thiét ke:

Trén co s phén tich cac thiét ké hién c6 nhu may
FlashForge, Ultimaker, DeltaRostock va RerapPrusa,
phuong an thiét ké duogc lwa chon thé hién trén hinh 4.

FlashForge

Rerap Prusa i3

Hinh 4: lwva chon phuong dn thiét ké

May duoc thiét ké c6 dau in chuyén dong tinh tién
theo cac truc X, Y. Ban d& c6 gin ban gia nhiét chuyén
dong 1én xudng theo truc Z. Dé tinh toan cac bd phan
tiép theo ctia may in, cac thong s6 dau vao cho qua
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trinh thiét ké bao gdm: vat liéu in ABS, kich thuéc
in 16n nhat 200x200x200 mm, chiéu day 16p in trong
khoang tir 0,2 dén 0,5 mm.

Bo phdn in:

Hinh 5 thé hién cu tao bd phan in bao gém dong
co dan dong truc cuén day ABS, dau in, gia nhiét vat
lidu in va bo phan 1am mat dé dam bao nhiét d¢ dau in.
B phén in duogc gén trén gia d& va trugt trén truc dan
dé thuc hién chuyén dong theo truc Y khi in. Pong co
NEMA 17 42H47HM-0504A-18 duoc sir dung dé din
dong truc cudn day.

Soi vat lien

vao

4= Ong tim
nhiét
Ong din
ABS

Ldi din

Vung gia
nhiét

Hinh 5: cdu tao b phan in

Hé thong dan dong qud trinh in:

Hinh 6: hé thdng dan déng qud trinh in

Hinh 6 thé hién hé thdng dan dong qué trinh in.
Pong co 1 dan dong ban d& 3 tinh tién 1én xudng theo
truc Z théng qua bd truyén dai 2 va truc dan 4. B phan
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in 10 cung gia d& 7 duoc dan dong tinh tién theo truc Y
boi dong co 5 thong qua cac bd truyén dai 6. BO phan
in 10 chuyén dong tinh tién theo truc X doc truc dan
cua gia d& 7 boi dong co 8 thong qua bo truyén dai 9.
Céc dong co 1, 5, 8 va 11 1a cac dong co NEMA 17
42H47THM-0504A-18. Pong co 11 duoc s dung dé
dan dong truc cudn day vat liéu nhya ABS cho dau in.

Hé thong diéu khién may in:

Hinh 7 thé hién hé thdng diéu khién may in. Chwong
trinh diéu khién tir may tinh duoc chuyén téi vi diéu
khién Arduino Mega2560 thong qua cong USB. Mach
diéu khién RAMPS 1.4 duoc két néi véi vi diéu khién
Arduino Mega2560. Cac dong co dan dong cac truc
X,Y,Z, cac cam bién vi tri, nhiét 36, man hinh hién thj
duoc két ndi v6i mach diéu khién RAMPS 1.4 nhu thé
hién trén hinh 8.

Nguon dién

May tinh & &
WHR Kétndi

cong USB

Cic dong co,
Cdc cam bién vi trL, nhiét,
Man hinh hién thi

Hinh 7: hé thong diéu khién may in

Ciim bién nhiét df ban nhiét «

: g w Cong tac
Cim bién nhiét 85 din in . " hanh trinh tryc X
E - s (= Cing tic
Bé gia nhiét diu in Ding co din f——————""_" hanh trinh tryc Y
. =SS déng true et
= cudn diy -, Cm}g tic
Ban gia nhiét (bin 30) [— © hanh trinh tryc Z
Quat thdi I
nhra in l
)
i £l
RAMPS 1.4
— #  Bj diéu khién,
hién thi LCD

Ding co Péng cv Ding cor
trucX  trucY  trucZ

Nguén 12V E t
Quat tan

i DA
nhiétdau in [Ny (0N

Hinh 8: két ndi RAMPS 1.4 t6i cdc thiét bi diéu khién

Pén chiéu sing

Két qua
M6 hinh mdy dwoc thiét ké va ché tao

Hinh 9 thé hién két cdu may in 3D-FDM duogc thiét
ké va ché tao. Marlin duoc su dung dé thiét ké may
in 3D. Marlin 1a mot chuong trinh dugc viét trén nén
Arduino cho cac mach diéu khién may in 3D sir dung
vi diéu khién ho AVR cua hiang Atmel. Cac thiét lap
bao gdm: thiét 1ap thong tin mach diéu khién; tén may
in; s6 diu dun nhya; loai nguén st dung; cam bién
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nhiét do; thiét 1ap kiém tra 6n dinh nhiét d6 dau dun; Bang I: thong 56 che dg in cua 5 mau
nhiét do toi thiéu cho phép; nhiét do toi da cho phép; Things6 Vvl Mhz Mis  Mind s
dong filen cap cho bz}n nh%e_’:t, thiét 14p ngan chin S Chibadytpindh i o) N R
c0 nhiét do cho may in; thiét 1ap kich thudc vung in; :
AN o Y N ; . - Chiéu diy cdc 16p n sau d6 (mm) 03 03 03 0,15 02
va thiét 1ap bo di€u khién LCD. Phan mém Repetier- ,
) 2 ke 1A A £ - \ - 80 nétin o thinh vt in 3 3 6 3 4
Host V1.6.2 duoc str dung dé thiét 1ap thong so6 in va B
tao chuong trinh G-code cho mdy in 3D. -Sonétindip tn cing M S S
i . Lo o L. - S0 nétin 6 16p dudi cing 3 3 10 8 10
Céc thong s6 k¥ thuat cia may in 3D-FDM nhu ——
- Phan trim dién day vat liéu trong long vt in (%) 20 40 5 10 10
sau:
L. N . - Dang dién diy Zigrag  Zigng  Zigng  Zigng  Zigwg
- May in 3D theo cong ngh¢ in FDM; \
. . - Dang dien kin mét trén/dudi clng Zigrag  Zigng  Zigng  Zigng  Zigwg
- Vat liéu in: nhya ABS, PLA; , :
) ) : ) , - Tac dg in thanh/véch phia trong/ngoai cua vt the (mny's) 60 60 60 60 30
- KICh thlIO'C San p ham 10’1’1 nhat 2OOX200X200 > - Tée d§ in thanh/véch khi vat in c6 kich thutc nho (mms) 15 15 15 15 15
- Chi¢u day 16p in: 0,2+0,5 mm. ~Tée i di chuyén khi dién vatliéu trong vit n (mms) 80 80 80 80 4
- Téc do dién ddy khu vuee vt in cin lim dic (mms) 20 20 20 20 20
MAY IN 3D . R
B phin hidn thi - Toe d9 dién day kin mét trén vat thé (mm's) 15 15 15 15 15
B phin in o ,
~Te d in 16p ning/do (mms) 60 60 60 60 60
- Tbc do ki in qua khe hos (khong c6 1op dd & dudi) (mm's) 60 40 40 40 20
- Téc o khi dién vit ligu trong nhimg khe hep (mms) 20 20 20 20 2
- Tbc do di chuyén dau din khi khong din vt iéu (mny's) 130 130 130 130 130
- Puong kinh soi nhya i (mum) 175 175 175 175 175
- Hé 56 din nhya 1 1 1 1 1
- - Nhigt d9 dhu dinban nhiét ¢ I6p ddu (C) 20060 20060 20060 20060 200/60
Phan ma:n dién
khien - Nhigt do du dinyban nhiét & 16p sau (C) 19560 19560 195660 195660 195/60

Hinh 9: méy in 3D-FDM duoc thiét ké, ché tao
Thir nghiém mdy
Dé danh gia cac tinh ning ctia may, qua trinh in thu
nghiém di dugc tién hanh voi vat liéu in ABS. Quy
trinh cac budc ciia mot 1an in thir nghiém duoc thé hién
6 hinh 10 [11]. Bang 1 thé hién cac thong sb cua ché do
in tng v6i 5 lan in khac nhau. Kich thuéc ciia mau in
12 50x50x30 mm. Cac két qua in cua 5 lan in thé hién
& hinh 11. Cac mau in dam bao vé do chinh xéac hinh
hoc, d6 min bé mit in, khong bi cong vénh.

| STLFile

v

Hinh 12: chi tiét gé dau in dieoc in boi méy in 3D-FDM

Hinh 10: cac budc cua qua trinh in trén may in 3D-FDM
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May in 3D-FDM hoat dong t6t trén co s¢ cac két
qué in thir nghiém & trén. San phdm in dam bao céac
yéu cAu vé do chinh xéc hinh hoc cling nhu d§ min bé
mit. Vi két qua do, mot sb chi tiét ung dung da duoc
in boi may in 3D-FDM. Hinh 12 thé hién chi tiét ga
dau in duge in boi may in 3D-FDM véi vat liéu ABS
thay thé cho chi tiét kim loai. Hinh 13 thé hién chi
tiét banh rang bang vat liéu ABS duoc in béi may in
3D-FDM.

Hinh 13: chi tiét banh rang digc in béi may in 3D-FDM
Két luan

Mb hinh may 3D-FDM di dugc thiét ké va ché tao.
Qua trinh in thir nghiém véi vat liéu nhya ABS cho san
phém in chinh xac vé mat kich thudce hinh hoc, nhu
vy may dam bao dugc tinh nang ki thuat yéu cau.

Mot s6 chi tiét bang nhya ABS lap rap trén may in
3D-FDM da dugc in thay thé cho mot sb chi tiét kim
loai.

Bai bao trinh bay cac két qua vé thiét ké va ché tao
may in 3D theo phuong phap in FDM thudc dé tai cap
bd ma sd B2016-GHA-06 dat duoc cac tinh nang ky
thuat yéu cau.

Viéc t0i wu ché do in dé dam bao chat luong san
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phém cho cac loai nhya khac nhau s€ dugc thuc hién
nghién ctru tiép.

Loi cam on

Nghién cuu nay dwoc tai tro boi Bé Gidao duc va
Dao tao thong qua dé tai ma so B2016-GHA-06, nhom
nghién ciru xin tran trong cam on.
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