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TOM TAT: In 3D 1a cong nghé tao mau nhanh, cac 16p vat liéu dugc gin
chéng 1én nhau tao Ién san phém in 1a d6i tuong vat thé tir dit 1iéu mé hinh
thiét ké 3D. May in 3D cé thé tu dong tao ra san phém v&i do On dinh,
chinh x4c va linh hoat khi thay ddi, dap Gng yéu ciu cao vé ning suit va
cht luong trong doi séng va san xuat hién dai. Trong bai bao nay, tac gia
trinh bay mot sé két qua nghién ctru thiét ké, ché tao may in 3D sir dung vi
diéu khién ATmega2560 dung tao hinh nhitng san phadm nhya. Cac két qua
in san pham v&i vat liéu nhya PLA tir may da chirng minh dugc tinh ning
ctia may thiét ké.

Tir khéa: ATmega2560, FDM, méy in 3D, nhya PLA, thiét ké.

RESEARCHING DESIGN AND MANUFACTURING 3D PRINTERS USING
ATMEGA2560 MICROCONTROLLERS

ABSTRACT: 3D printing is a rapid prototyping technology, layers of materials
are superimposed to create a printed product that is an object from 3D design
model data. 3D printers can automatically make products. This technical
process tends to be stable, highly accurate and flexibly changing to meet high
requirements of productivity and quality in daily life and modern production.
In this paper, the author presents some results relating to manufacturing 3D
printers which use ATmega2560 microcontrollers to make plastic products.
The printing results with PLA plastic have demonstrated the essential functions
of the designed machine.

Keywords: ATmega2560, FDM, 3D printers, PLA plastic, design.
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1. PAT VAN DE

Cong ngh¢ in 3D la cong nghé
tao mau san phim (nhu hinh 1) tién
tién. Kha ning ciia may in 3D 1a rt da
dang va chung hién dang tré thanh
mot cong cu phd bién trong cac linh
vuc nhu ky thudt, thiét ké cong
nghiép, san xuit va kién trac véi
nhimg wu diém nhu:

+ Cac mo hinh dugc ca nhan hoa
(tiy chinh). Tao ra cac san pham duoc
ca nhan hoa hoan toan phu hop véi nhu

cau cua nguoi dung ve kich thudc va
hinh dang.

+ Tao mau nhanh.

+ In 3D cho phép nhanh chong
tao ra mot mo hinh hodc nguyén mau,
gitip cac k¥ su, nha thiét ké va cac
cong ty nhan dugc phan hoi vé dy an
ctia ho trong thoi gian ngan.

+ M6 hinh: C6 thé d& dang tao ra
nhirmg mo hinh khé tudng tuong bang
may in 3D.

Hinh 1. San pham in 3D

Viéc nghién ctru thiét ké, ché tao
may in 3D hoat dong hi¢u qua, gia
thanh thap c6 thé phuc vu trong doi
sdng, san xuat 1a can thiét, giup toi uu
chi phi, chi dong hon trong viéc ché
tao, st dung mdy. Bai bdo trinh bay
phuong an thiét ké dong hoc may, két
cdu mdy ché tao may va thiét 1ap hé
thong diéu khién cho méy in 3D sir
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dung vi diéu khién ATmega2560 tmg
dung in 3D theo cong ngh¢ in FDM.

2. TONG QUAN NGHIEN CUU
Cac san phdm may in thuong
mai dugc san xuit khong nhitng boi
cac cong ty, tap doan nhu 3D
system, Stratasys, Z Corporation ma

con bdi cac truong dai hoc nhu Pai



hoc Cardiff & nuéc Anh. Tai phong
thi nghiém san xudt phu tro, PBai hoc
Cardiff, cac nghién ciru vé may in
cho céc san pham bang nhya va kim
loai da dugc nghién ctru tor nhiing
nam 90 cuia thé ky XX. Cong nghé
in 3D dang la mdt trong nhitng xu
huéng phat trién méi cua khoa hoc
va k¥ thuat hién dai. Hién nay trén
thé gidi, cong nghé in 3D da duoc
tmg dung trong viéc tao san pham
phuc vu doi séng - x4 hoi. Mot s6
san pham dugc tao bang cong nghé
in 3D trong mot sd linh vyc nhu
thiét ké thoi trang, linh kién thay
thé, thuc phidm, coéng nghiép, xay
dung va y hoc [1].

Tai Viét Nam, nhiéu tac gia, co
s& ddo tao va co s& san xuat di dé xuit
nghién ctru, thiét ké va ché tao may in
3D. Nguyén Hitu Tho va cac cong su
[2], d4 nghién ctru, thiét ké va ché tao
may in 3D chocolate dé in thyc pham.
Tran Viét Théng va cac cong su [3],
da thiét ké, ché tao may in 3D khé
rong dé in san pham 16n dung nhya
PLA, ABS véi bd diéu khién
ATsam4e8e cho CPU.
Nguyén Cong Minh va cac cong su

lam 161

[4], nghién ctru, thiét ké va ché tao mo
hinh may in 3D kim loai trén may 5
truc. Tran Ngoc Hién, Bui Vin Hung

[1], nghién ctu thiét ké va ché tao
may in 3D-FDM.

Cac két qua vé nghién ciru thiét
ké ché tao may in 3D dugc cong bd
di dat dugc cac két qua budc dau vé
gidi phap cong ngh¢ nhu ung dung
cong nghé¢ in FDM trén cac vat liéu
khac nhau nhu thuc phém, nhua va
kim loai. Ké thira cac két qua
nghién ctru cua cdc nhom nghién
ctru dugc trinh bay ¢ trén, tac gia dé
xuét thiét ké va ché tao may in 3D
str dung vi diéu khién ATmega2560
voi cong nghé in FDM (Fused
Deposotion modeling). May dugc
thiét lap hoat dong va thir nghiém in
cac san pham nho dung trong dao
tao, hay trung bay, do luu niém...
tr nhya PLA, ABS. May duogc diéu
khién bdi ATmega2560 1a vi diéu
khién gia ré dugc dung phd bién
trong diéu khién hién nay nén gia
thanh may thap.

3. THIET KE KET CAU MAY
IN 3D

3.1. Cac budc co ban trong qua
trinh in 3D

Cac cong doan in phu thude rat
nhiéu vao dong may in 3D, tuy
nhién c6 thé tom tat cac budc chung
nhu hinh 2.
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Hinh 2. Cac budc co ban trong qud trinh in 3D

Budc dau tién cia moi qua trinh
in 3D d6 14 mot md hinh 3D da duoc sb
hoa. M6 hinh 3D in ¢6 thé dugc tao ra
v6i mot thiét ké may tinh hd tro (CAD)
hodc thong qua mot may quét 3D... Cac
mo hinh sau d6 s& duoc phin mém xir
li tao thanh mot file ma may in 3D co
thé doc duoc (nhu.skp,.dae,.3ds,.STL
hodc dinh dang.obj). Sau khi da c6 mo
hinh s6 3D s& bit ddu qua trinh “in”.
Khi tién hanh in, may in chong cac 16p
vat liéu theo thong tin dugc luu trir
trong file do, cac 16p duoc in lan lugt
chdng lién tiép 1én nhau theo timg 19p.
Sau khi chdng céac 16p xong, s& dugc
mot san pham hoan chinh [5].

3.2. Nguyén ly hoat dong cua
may in 3D cong ngh¢ in FDM

Méay in 3D hoat dong theo
nguyén 1y diéu khién tu dong, trong
do cac bo phan chuyén dong duoc 1ap
trinh dé tu dong hoat dong theo cac su
kién tiép ndi nhau véi tde d6 duoc xac
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dinh trudc dé co thé dua dau in tao ra
mau vat véi hinh dang va kich thuéc
yéu cau.

May in 3D dung cong nghé¢ FDM
xdy dung mau bang cach dun nhya
néng chay rdi hoa ran timg 16p tao nén
c4u trac chi tiét dang khodi nhu hinh 3.
Vit liéu sir dung & dang soi duoc dan
tr mot cudn vat liéu téi dau dun ma
chuyén dong diéu khién bang dong co
budc. Khi soi duoc cép t6i dau dun nd
dugc 1am nong sau d6 nd dugc day ra
qua voi dun 1én mit phang ban in. Dau
dun s& di chuyén mot bién dang 2D.
Do rong cia dudng dun co thé thay
d6i va duoc xac dinh bang kich thudc
cua miéng dun. Lop vat li¢u néng
chay dugc dun ra n6é ngudi nhanh
trong khoang 1/10(s) va dong cling
lai. Khi mdt 16p dugc phu hoan thanh
trén mat phang thi s& di chuyén sang
mat 16p khdc moéng va qua trinh dugce
1ap lai cho dén khi tao xong san pham.



Chuyén dong
cua vat liéu
M——

San pham in {
. \ 4 Chuyé}r dong dau

dun theo truc XY

Cuon vat liéu

Z

Chuyén dong ban
in theo truc Z

Hinh 3. So' d6 nguyén Iy mdy in 3D céng nghé FDM
3.3. Thiét ké két cAu may in 3D Ultimaker, DeltaRostock va
RerapPrusa, tac gia xac dinh phuong

Trén co s phén tich céc thiét ké T .
an thiét ké dong hoc nhu hinh 4.

hién c6 nhu may FlashForge,
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Hinh 4. So d6 dong hoc ciia may in 3D thiét ké
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Trong may, ban nhiét 1 chuyén
dong tinh tién Ién, xuéng doc truc z
nh¢d motor 2 quay lam quay truc vit
me 3. Motor 4 quay thi dau in 5 tinh
tién theo cac phuong X,y béi su truyén
dan cua cac day dai 6,7. Pau in duoc
truyén dong bang co ché diy dai an
khép véi puli ring gin véi truc cla
dong co budc. Mdi khi dong co budc
quay thi chuyén dong qua day dai tac
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dung v&i truc va chuyén dong tinh tién
trén truc 6 bi, trong do tién hoac lui
tuy thudc vao dong co quay thuan hay
nguoc. Dé dau in chay chinh xac theo
bién dang cua vat thé ta can diéu khién
doéng co budc & mdi truc phdi hop
chinh xac vdi nhau.

Tir so d6 dong hoc may da xac
dinh, tac gia thiét ké két ciu may in
3D nhu hinh 5, hinh 6.
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YEU CAU KY THUAT
1. D6 vudng goc giita khung va mat

chuin khong qua 0.05mm

2. Cac chi tiét dugc lip ghép dung
Vi tri

3. Pam bao dd chinh xac trén toan
bd qua trinh lip

4. D) song song cia tim & dd voi
mit chuan khéng qua 0.1mm

5. Do nham cac bé mit lip ghép
2.5um

Hinh 5. Két cau mdy in 3D
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May duoc thiét ké c6 dau in chuyén dong tinh tién theo céc truc X, Y.
Ban d& c6 gin ban gia nhiét chuyén dong 1én xudng theo truc Z.

{10
15 Ke motor truc 7

1 Nhya
14 Cum truot theo Z 2
/® 13 Din hudng true Z 2 45
AT 12 Tryc vitme 1 45
P 11 Ke dovong bi 2 Nhyra
2 - -
- 10 Khung miy 15 Nhém
@3) 9 Cum trurgt theo X 2
@ 8 Ke cb dinh motor XY 2 C45
= 7 Motor 4
/@ 6 Cym diu phun 1 SS400
- 5 Thanh din hudng 4 CT45
4 Ke cb dinh thanh din huéng 2 Nhya
3 Ban nhiét 1 Nhom
2 Lo xo cin ban may 4 CT45
1 Ke goc 24 Gang
Vi tri Tén goi Sé luong Vit ligu

Hinh 6. Céc chi tiét, cum chi tiét trén may in 3D

4. HE THONG PIEU KHIEN MAY két ndi diéu khién may in. D6 1a
IN 3D mot vi diéu khién s dung chip
ATmega2560 lap trinh nhu 1a mot

4.1. So d6 hé thong diéu khién R )
cong cu chuyén doi tin hi¢u tr USB

may in 3D L N A
v6i sO luong chan két noi va nhiéu

Tac gia lga chon bo mach tinh nang manh m¢& hon.

Arduino Mega2560 nhu hinh 7, dé

&
f

-:.::f’:_-._i- Freasduino
MEGA 2560

TN apgn v TR

DCDC
MP2307

Hinh 7. Bo mach Arduino Mega2560 [6]
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Bo mach Arduino Mega2560 xur
Iy sir dung dién thé, cong suit rat nho
nén khong thé sir dung dé diéu khién
truc tiép cac dong co bude vi vy can
st dung board chuyén tiép dé bo
khuéch dai tin hiéu diéu khién thanh tin
hi€u dién c6 cong suit 16n hon rat nhiéu
dé diéu khién. Trong may in 3D dé két
nbi diéu khién giira dong co budc dau

néng dau phun, cam bi€n nhiét, cong

tic hanh trinh (endstop), ban nhién,
LCD... mach  Arduino
Mega2560 thi ching ta cdn mot bo

mach d6 1a Ramps 1.5, duoc cam

vol  bo

chdng 1én trén nd. Board mach chuyén
tiép Ramps nhu hinh 8, ngoai viéc két
nbi gitta Arduino Mega2560 va cac
thanh phan khac con ngin ngilra gan
nham day ngudn bao vé tit ca linh kién
dién tur.

@ (@ (e la{sisls
r.

Hinh 8. Bo mach chuyén tiép Ramps [7]

Hé théng didu khién may in nhu
hinh 9. Chuong trinh diéu khién tir may
tinh duoc chuyén téi vi diéu khién
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Arduino Mega2560 thong qua cong USB.
Mach diéu khién RAMPS 1.4 dugc két
ndi v6i vi diéu khién Arduino Mega2560.
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Hinh 9. So d6 hé thong diéu khién may in
4.2. So d0 cAu tric diéu khién ciia may
Cac dong co dan dong cac truc X,Y,Z, cac cam bién vj tr, nhiét do, man
hinh hién thi duoc két ndi v6i mach diéu khién Ramps 1.5 nhu hinh 10.
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Hinh 10. So do két n6i mach chuyén tiép dén cdc thiét bi diéu khién
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5. CHE TAO VA THU NGHIEM MAY
May in 3D duoc tién hanh ché tao cac chi tiét, 1ap rap tai xuong thuc hanh
Truong Pai hoc Hai Phong va hoan thanh may nhu hinh 11.

Mady in dugc cai dat, 1ap trinh,
thiét 1ap cac thong sé nhu nhiét do toi
da cho phép ctia dau dun, téc do di
chuyén ctia dau dun va ban in, thiét 1ap
ngan chan sy ¢ nhiét do cho may in,
thiét 1ap kich thudc ving in va hién thi
trén LCD. May da hoat dong, in dugc
nhimg san pham tir nhya PLA, ABS
nhu hinh 12.

Cac thong s6 k¥ thuat chinh ctia may in da ché tao nhu bang 1:

Hinh 12. M6 hinh dang duoc in trén may.

Bang 1. Thong so ky thuit ciia may

Pic tinh ky thuat Théng s6
Nguon dién 220 (V)
Vat liéu in nhua PLA, ABS
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Kich thudc san pham 16n nhat 180x180x130mm.
Nhiét d6 téi da dau in 200°C

Hé sb dun nhya 1

Chiéu day 16p in 0,1 +0,4 mm
Sai 1éch kich thudc khi in + (0,2 mm

Gia thanh may thdp, d6 chinh
xac cling nhu do min bé mat cta san
phim in & muc trung binh. Qua mét
thoi gian stir dung may hién van hoat
dong tot. Dung in cac san phim mo
hinh dung trong hoc tdp nhu banh
ring, gbi d& hay dd luu niém... nhu

hinh 13.
w’—

Hinh 13. San pham dwoc in trén mdy in 3D

6. KET LUAN

Tac gia da trinh bay mot sd két
qua nghién ctru thiét ké va ché tao
may in 3D sir dung vi diéu khién
ATmega2560. May da duogc ché tao
va hién van hoat dong tt:

- D@ van hanh, thuan loi trong di
chuyén, d& bao tri va bao dudng.

- In duoc cac vat pham trung
bay, dd Iwu niém... trén cac vat liéu
nhua PLA, ABS dat yéu cau.

- C6 thé tng dung trong san xuat.

Viéc tdi uu ché do in dé dam bao
chat luong cao hon cta san phim can
dugc nghién ctru tiép.
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