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Cac may in 3D di va dang dugc l'mg dung r@’ng rii trong viéc tao sin phflm phuc vu doi sc’f‘mg, xa hgi. Cong
nghg in 3D la mot cong nghé tao méu tién tien, cung véi cac nghién ciru vé vét lidu méi, cong nghé in mai,
cac san pham ciia mdy in 3D ngay cang dwogc ing dung rng rai. Trén co' s¢ ké thira cdc nghién ciru da c6
va Y(ri mong muon lam chi cong nghé, phuc vu cong tac dao tao trong truong dai hoc, cac tac gia dé xuit
thiét ke, ché tao n_lziy ’in 3D theo cong nghé FDM'(Fused Deposition Modelling). Bai bo trinh bay céc két
qua tinh todn thiét ké, ché tao may in 3D. Cac két qua in thir nghi¢m da chimg minh dwoc céc tinh ning

ciia may dwge thiét ké.
Tir khéa: FDM, may in 3D, nhwa ABS.
Chi $6 phén loai 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, mew 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

Tdc gid lien hé: Email: tranhientkm@utc.edu.vn

TAPC

HOA HOC |/,
Eono NGHE VIEl Na 1200 12017

Dat van de

Cong nghé in 3D dang 1a mot trong nhimg xu huéng phat
tr.iép moi cua khoa hoc va ky thudt hién dai. Hién nay trén thé
gid1, cong nghé in 3D da duoc tmg dung troﬂg viéc tao san
pham phuc vu doi song - xd hoi. Mot sb san phém- duoc tao
bang cong nghé in 3D trong mot s6 linh vuc nhu thiét ké thoi
trang, linh kién thay thé, thyc phim, cong nghiép,

vay hoc [1-3]. B! g

: Trong cic tmg dung do thi viéc tao mé hinh 3D truc quan
dé phuc vu dao tao, tao mau thiét ké dugc chy trong‘
mo hinh13D dugce tao bang may in 3D ding dé phué vu,
dugc the hién nhu in céc chi tiét hop giam tde (hinh i)

mot so
dao tao

Hinh

I,‘h(j . L3 LRSS 1 My | v
Op gtam toc vai cde chi tiet dicge 1go bang céng nghé in 3D

| Corig ngh’é ip 3D 1a mot cong ngh¢ tao mau tién tién. Cac
san ppam may in thuong mai dwoc san xust khong nhfm- boi
cac cong ty: tap doan nhu 3D System, Stratasys, Z Co oriti: 1
[4-}6] ma con boi cac truong dai hoc nhy Dai,hoc Crzrdiff “
nuée Anh: Tai Phong thi nghiém san xuét bhu tro, Dai h ;
Cardiff, cic nghién ciu vé May in cho cac sén p.];ém' bﬁgg

nhua va kim loai da duogc nehian eir (v o =
thé ky XX 7. 8] »& HghIen ctru tir nhitng nam 90 cua
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Tai Viét Nam, cdc nghién ctru vé tao miu dé tng
dung trong cdng nghiép da duoc chu trong, nhiéu tac
gia, co SO san xuit da dé xuét nghién ctru ché tao may
in 3D nhu nhom nghién ctru thudc B6 moén Co khi
chinh xac va quang hoc (Truong Pai hoc Bach khoa
Ha Noi) da thiét ké ché tao thir nghiém thanh cong may
in chi tiét nhya 3D [9]. M4y in 3D 3DMaker® GEM
do Céng ty c6 phin 3DMaker (TP H6 Chi Minh) thiét
ké va ché tao dua theo cong nghé in 3D-DLP [10].

Céc két qua vé nghién ciru thiét ké chér tao may in
3D duoc dé cap o trén da dat duoc cac két qua budc
dau vé giai phap cong nghé nhu img dung cong nghé
in FDM, DLP. Ké thira cac két qua nghién ciru cua cic
nhém nghién ctru duge trinh bay ¢ trén, céc tac gia de
xuét thiét ké va ché tao may in 3D chu trong t6i van
d& chit lugng san phim in, trong d6 gidi quyet duoc
céc vén dé ton tai co anh huong dén chat lugng in nhu
su toi uru vé ché do in. Bai bo trinh bay phuong phap
thiét ké va ché tao may in 3D-FDM. Cac ket qua thir
nghiém qué trinh in trén may 3D-FDM voi vt liéu
ABS dat duoc cac chi tiéu vé do chinh xac hinh hoc
clia san pham.

Noi dung nghién ciu
Qua trinh in FDM

Soi vit lieu .
|
I Pau in

| Soi vit li¢u nong
/ chay

Cuon vat lieu

San phiam sau khi ran laiz =~
Ban do

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

Hinh 2 thé hién nguyén 1y cta qua trinh in.lfDM'
Str dung phuong phap dun cic vit liéu nhua nhiét ileo
dua trén nguyén tic 1am nong chay soi nhua (juq? lan{g
lai thong qua mot dau phun nhiét trén mot bekm.e,:t. Cu
dong ctia dau phun duoc diéu khien dua trép 50 liéu _3[3
duoc cung cép dén méy in. Moi 16p sau khi lang lai s&

rin héa va lién két véi 1op duoc in trude do.

Quy trinh cac budc thiét ké va ché tgo may in
3D-FDM

Quy trinh thiét ké va ché tao may in 3D-FDM duoc
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thé hién & hinh 3. Tir 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. Céc b phan
ctia may in nhu bd phén in, hé thong diéu khién, két
cAu thép dugc tinh toan thiét ké. Trén co s do, 1ap quy
trinh cong nghé gia cong, ché tao cac chi tiét va lap rap
thanh may. Tién hanh in thir nghiém dé dénh gié tinh
niing ctia méay duoc thiét ké.
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Hinh 3: quy trinh thiét ké, ché tao may in 3D-FDM
Lira chon phuong an thiét ké:

Trén co s& phan tich cac thiét ké hién c6 nhu may
FlashForge, Ultimaker, DeltaRostock va RerapPrusa,
phuong an thiét ké duoc lua chon thé hién trén hinh 4.

FlashForge

0 A o

Rel-'a Prusa i3

Hinh 4: lwa chon phcong an thiét ké

May dugc thiét ké co dau in chuyén dong tinh tién
theo cac truc X, Y. Ban do co gfm ban gia nhiét chuyén
dong 1én xudng theo truc Z. D¢ tinh toan céc bo phéan
tiép theo cua mdy in, cac thong s6 dau vao cho qui
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trinh thiét ké bao gom: vét ligu in ABS, kich thuéc
in 16n nhat 200x200x200 mm, chiéu day 1ép in trong
khoang tir 0,2 dén 0,5 mm.

B¢ phan in:

Hinh 5 thé hién céu tao bd phan in bao gdbm dong
co din dong truc cudn day ABS, dau in, gia nhiét vét
lidu in va bd phan lam mat dé dam bao nhiét d6 diu in.
B0 phan in dugc gin trén gia dd va truot trén truc dan
dé thuc hién chuyén dong theo truc Y khi in. Ddng co
NEMA 17 42H47HM-0504A-18 dugc sir dung dé din
dong truc cubn day.

| Sgivatligu
| vao
v

Ong tin
= nhiét
Ong din

ABS
Lai dan
Quat lam
mat Ving gia
nhigt

Piu in

Hinh 5: cdu tao bé phan in

Hé théng dan dong quda trinh in:

Hinh 6: hé thong dan dong qud trinh in

Hinh 6 thé hién hé théng din dong qué trinh in.
Déng co 1 dan dong ban d& 3 tinh tién 1én xudng theo
truc Z thong qua bo truyén dai 2 va truc dan 4. Bo phén

"ﬁéﬂé‘m\/iét Nam e tanne

in 10 cung gia d& 7 duoc dén dong tinh tién theo truc Y
boi dong co 5 thong qua céc bg truyén dai 6. Bd phan
in 10 chuyén dong tinh tién theo truc X doc truc dan
cua gia d& 7 boi dong co 8 thong qua bg truyén dai 9.
Céac dong co 1, 5, 8 va 11 1a cac dong co NEMA 17
42H47THM-0504A-18. Dong co 11 duge sir dung dé
dan dong truc cudn day vat lidu nhua ABS cho diu in.

H¢ thong diéu khién may in:

Hinh 7 thé hién h¢ thong diéu khién may in. Chuong
trinh diéu khién tir may tinh duoc chuyén t6i vi diéu
khién Arduino Mega2560 thong qua céng USB. Mach
diéu khién RAMPS 1.4 duoc két ndi véi vi didu khién
Arduino Mega2560. Cac dong co din déng cac truc
X.Y,Z, cac cam bien vi tri, nhiét d, man hinh hién thi

dugc két ndi véi mach didu khidn RAMPS 1.4 nhu thé
hién trén hinh 8.
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May tinh £
Ket noi Ii
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L e}

Hinh 7: hé thang diéu khién may in

—— Cac dong co,
Ciic cim bién vi tri, nhigt,
Man hinh hién thi
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. 3 - a ok 8 i
Cim bién nhigt dd dau in , 4 h‘anlflunqgl: t:uc X
Cong tic

B3 gia nhiét dhu in Ding co din > hanh trich trye Y

_— dgng tryc

Ban gia nhiét (bin 45 ey ik :.:ig:m z
' ’ | BJ diéu khién,
_\-gufm . E ’, i hien thi LCD

Dingcv Ding cr Djug ey

Quat tin MeX mgeY ez

ik alv) EAY)
nhiét dan in

Hinh

Dén chicu sing
8: kit nés S : : g
8: ket noi RAMPS 14151 cac thiés bi diéu khién
Keét qua
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nhiét do; thiét 1ap kiém tra 6n dinh nhiét d6 dau dun;
nhiét do to1 thiéu cho phép; nhiét dg t6i da cho phép;
dong dién cap cho ban nhiét; thicét Iap ngdn chan sy
cb nhiét d6 cho may in; thiét lap kich thudc ving in;
va thiét lap bd diéu khién LCD. Phan mém Repetier-
Host V1.6.2 dugc su dung dé thiét 1ap thong s6 in va
tao chuong trinh G-code cho may in 3D.

Céc thong s6 ky thuat cia may in 3D-FDM nhu
sau:

- May in 3D theo cong nghé in FDM;

- Vit liéu in: nhua ABS, PLA;

- Kich thuéc san phdm 16n nhit 200x200x200 mm;

- Chiéu day 16p in: 0,2+0,5 mm.

MAY IN 3D

B3 phin hién thi
£ a5

Phin mém diéu
Khién

Hinh 9: may in 3D-FDM dugc thiét ké, ché tao
Thir nghiém mday
Pé danh gid cac tinh nang cua méy, qué trinh in thir
nghiém da dugc tién hanh voi vat liéu in ABS. Quy
trinh cdc budc cuia mét lan in thir nghiém dugc thé hién
o hinh 10[11]. Bang 1 thé hién cdc thong s6 clia che do
in tmg véi 5 1an in khac nhau. Kich thude ciia mau in
1a 50x50x30 mm. Cac két qua in cua 5 lin in thé hién
& hinh 11. Cac miu in dam bao vé dd chinh xdc hinh
hoc, d6 min bé mit in, khong bi cong vénh.

cﬂen-HostVLﬁ.
] STLFile Phin mém Repe

MOHINE3D |

Hinh 10: ede bude ctia qud trinh in trén mdy in 3D-FDM

TAP CHI

HOA HOC \ /.
o NéHEVIEt Nam 12(1) 1.2017

Bang I: théng s6 ché do in cia 3 mdu

Thong sb Miul  Mi2  Miud  Miud  Mius
- Chiu diy lip in diu tén (mm) 04 02 02 02 02
- Chicu diy cic o in sau do (mm) 03 03 03 015 02
- S0nétin 6 thinh vitin 3 3 b 3 4
- S0nétin o lip trén cing 3 3 10 § 10
-6 nétin & 1dp didi cing 3 3 10 § 10
- Phén trim dién &y vit idu trong 1ong vit n (%) 0 40 5 10 10
- Dang dién diy lgmg  lgmg  Ligmg  ligmg Zigwg
- Dang dién kin mit trén/dusi cing Zimg ligmg  lgsg  Dgey  Zige
- Tée d§ in thinh/vich phia trong/ngoi cia vit thé (mms) 60 60 60 0 30
- Téc o in thinh'vich khi vit in co kich thge nhd (mm’s) 15 15 15 15 15
- Toc i di chuyén khi dién vit liéu trong vit in (mm's) 80 80 80 80 40
- Toe g dién ¢y khu vie vit in cén lim dic (mm's) 0 20 2 20 20
- Tde 0 dién Ay kin mit trén vit thé (mms) 15 15 15 15 15
- Toe dj in ép ning 6 (m's) 60 € €0 [l 0
- Toc dj khi in qua khe h (khong c6 lip do & duan) (mms) 60 4 4 40 20
- Tde d3 khi dién vit liu trong nhimg khe hep (mm's) 20 2 2 2 20
- Tde 85 di chuyén ddu dim khi khong ¢tm vit ligu (oum's) 130 130 130 130 130
- Duimg kinh sgi nhya in (mm) 17§ 175 17 175 175
- H¢ s din nhia 1 1 1 1 1
- Nhit 46 diu dimban nhigt & lip diu (C) 0060 20060 20060 20060 20060
- Nhiét 4§ du din'ban nhigt & 1op sau (C) 19560 19560 19560 19560 19560

Hinh 11: cac mdu in thie nghiém

Hinh 12: chi tiét aa dau in diwege in bot may in 3D-FDM
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My in 3D-FDM hoat dong t6t trén co s& cac két
qua in thir nghiém ¢ trén. San phim in dam bao cac
yéu cau vé d6 chinh xac hmh hoc cung nhu d6 min bé
mit. Véi két qua do, mot s6 chi tiét tmg dung da duoc
in bdi may in 3D-FDM. Hinh 12 thé hién chi tiét ga
diu in duoc in bai may in 3D-FDM véi vat liéu ABS
thay thé cho chi tiét kim loai. Hinh 13 thé hién chi
tiét banh rang bang vét liéu ABS dugc in bdi may in
3D-FDM.

Hinh 13: chi tiét banh rang diroc in boi may in 3D-FDM

Két luan

M0 hinh mdy 3D-FDM da duoc thiét ké va ché tao.
Qua trinh in thir nghiém vai vat liéu nhua ABS cho san
pham in chinh xé4c vé mat kich thudc hinh hoc, nhu
vdy mdy dam bao dugc tinh nang k¥ thuét yéu cau.

Mot s6 chi tiét bang nhua ABS Iip rép trén may in
3D-FDM da duge in thay thé cho mot sé chi tiét kim
loai.

Bii bdo trinh by cac két qua vé thiét ké va ché tao
may in 3D theo phuong phap in FDM thudce dé tai cip

bd mi s6 B2016-GHA-06 dat duoc cac tinh ning ky
thuat yéu cau.

Viée i wu ché d¢ in dé dam bao chit luong san
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pham cho cac loai nhwa khéac nhau s& duoc thuc hién
nghién ciru tiép.

Loi cam on

Nghién ciru nay dwoc tai tro boi Bo Gido duc va

Pao tao théng qua dé tai ma s6 B2016-GHA-06, nhom
nghién ciru xin tran trong cam on.
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