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NGHIEN CU'U CHE TAO VA LAP RAP MAY IN 3D
KIEU FDM PHUC VU CONG TACDAO TAO
TAI TRUGNG CAO DANG KY THUAT QUAN SU'1
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TO SERVING TRAINING AT MILITARY TECHNICAL COLLEGE 1
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TOMTAT

(6ng nghé in 3D da va dang dugc (ing dung rdng rdi trong viéc tao ra cdc san
pham phuc vu ddi song, xa hoi. Day la mét cong nghé ché tao mau nhanh tién
tién, cling véi su phét trién ctia nganh cong nghé vat liéu, cac loai vt liéu méi ra
ddi, cac san pham ca in 3D dang dutgic tng dung rong rai trong nhiéu linh vuc.
Trén co's6 ké thira va phat trién cac nghién ciu trudc, véi mong mudn lam chi
cong nghé ché tao, lap rap va khai thac mdy in 3D phuc vu cong tac dao tao tai
Truong Cao ddng Ky thudt Quan su 1, téc gid da dé xudt nghién ciu ché tao, lap
rap va khai thac méy in 3D theo cdng nghé FDM. Két qua nghién cGu la ngudn tai
liéu phuc vu cho nghién ctiu, boi dudng ddi ngd nha gido trong viéc tiép can cong
nghé in 3D va gidp ché tao cdc md hinh, hoc cu, dac biét la cic chi tiét may quan
su phuc vu qud trinh dao tao nhan vién ki thudt trong Quan ddi.

Tir khoa: Mdy in 3D Cartesian-XY; mdy in 30 FOM

ABSTRACT

3D printing technology has been widely applied in manufacturing from
daily products to industrial products. This is an advanced rapid prototyping
technology. Along with the development of materials technology, new
materials found, 3D printing products are being widely applied. On the basis
of inheriting and developing previous research, with the desire to master the
technology of manufacture, assembling and exploiting the use of 3D printers
to serve training at the Military Technical College 1, the author proposed to
research on manufacture, assemble and exploit 3D printers using FDM
technology. The research results are a source of documents for research and
training of teachers in accessing 3D printing technology and helping to
manufacture models and learning tools, especially military machine parts for
service. The process of training technical staff in the Vietnam People’s Army.
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1. GIGI THIEU

Ngay nay, su bung né clia cudc Cach mang céng
nghiép lan thi tu da tac ddng manh mé dén su phat trién
cla tu dong hoa san xuat. Vai trd clia cong nghé tu dong
trong chién lugc cong nghiép hoa, hién dai héa nén kinh
té noi chung va linh vuc quan su noi riéng cé y nghia vo
cung quan trong. Céng nghé in 3D dang la mét trong
nhiing xu huéng phét trién méi ctia khoa hoc va ky thuat
hién dai. Bay la cong nghé ché tao mau nhanh bang
phuong phap dap 16p, chi phi vat liéu va san xuat thap, c6
thé ché tao cac vat c6 hinh déng phtic tap. Hién nay, tai
Trudng Cao dang Ky thuat Quan su 1 chua c6 nghién ciu
nao vé céng nghéin 3D.

In 3D la mot dang c6ng nghé dugc goi la san xuat dap
dan (Additive Manufacturing). Qua trinh dap dan tao tra
cac déi tuong theo tung 16p, khéac vai cac ky thuat duc
hodc gia cong cét got. C6 nhiéu thuat ngl khac nhau
dugc dung dé chi cdng nghé in 3D nhu: cdng nghé tao
mau nhanh, c6ng nghé ché tao nhanh va céng nghé ché
tao truc tiép. Cac thuat ngl trén déu ra doi dua trén co
ché hay tinh chat ctia cong nghé [1, 2,4, 7].

Hinh 1. Mot s6 md hinh dugc ché tao bdi cong nghé in 3D

Mét s6 sdn pham dugc ché tao bang cong nghé in 3D
trong cac linh vuc dan dung nhu: san xuat, y té, cong
nghiép may mac, thuc pham, xay dung, kién truc,... [4].
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Trong gido duc dao tao, cong nghé in 3D da dugc Ung
dung dé ché tao cac mé hinh hoc cu phuc vu giang day.

Trong tinh hinh hién nay, khi cac loai vi khi, trang bi
ky thuat méi dugc dau tu mua sdm nhiéu nhung con
thiéu mé hinh trong gidng day, nghién ctu. Vi vay, tac gia
da dé xuat nghién ctu Ung dung cong nghé in 3D vao
viéc ché tao cac mo hinh hoc cu phuc vu gidng day tai
Trudng Cao ddng Ky thuat Quan su 1 v6i muc tiéu nang
cao chat lugng dao tao do6i ngl nhan vién ky thuat ma van
dam bao yéu t6 bi mat quan su.

Cong nghé in 3D la mot cong nghé ché tao mau tién
tién. cac san phdm may in thuong mai dugc san xuat béi
cac tap doan, cong ty nhu: 3D System, Stratasys, Z
Corporation,... [1, 2, 7]. Tai Viét Nam, da cé nhiéu nghién
clu vé tao mau dé iing dung trong san xudt céng nghiép,
nhiéu tac gia va cd s san xuat da nghién ctu, ché tao may
in 3D.

Bang 1. So sanh uu, nhugc diém cla cac dang cdng nghé in 3D hién nay

laser chon loc

- Khéng doi héi cau tric hé tro;
- Vit liéu tao thanh c6 chét
lugng tot.

Cacdang Uu diém Nhugc diém
cong nghé
Taohinhbéng | San phdm ¢6 do chinh xac | - Tdc dd in cham;
tia laser €ao, 46 bong bé mdt va tinh | - Gia thanh cao;
tham m§ cao. - S&n phdm gidm do
bén khi ti€p xtic véi anh
sang mat trdi.
Thiéu  két | - Téc dd in nhanh; - Chi phi dau tu, van

hanh cao;

- Tiéu ton vat liéu doi
véi md hinh kin va c6
phan rbng bén trong.

Mo hinh héa | - Gid thanh ré; - D9 chinh xdc khéng

bang phuong | - D& dang stia chifa, thay thé | cao;

phdp  néng | chitiét, bo phan clamdy; | - Chétlugng bé mat san

chdy  lang | -Sanphdm cétinh chiuluccao; | pham phu thudc vao

dong -Téc d tao hinh nhanh; nhiéu yéu t6 lién quan
- V3t liéu in than thién voi | 0€N vatliéu va thong s6
moi truong. qué trinh in.

In phun két | - Tao dugc san pham c6 kich | - Gia thanh cao;

dinh thudc lon; - Quy trinh in phiic tap;

Qua phan tich, so sanh uu, nhugc diém cuta cac dang
céng nghé in 3D hién nay (bang 1), bam sat nhu cau su
dung cla Nha trudng, ké thira cac két qua nghién ciu
trudc day, tac gia dé xuat thuc hién nhiém vu ché tao, lap
rap va khai thac may in 3D chd trong téi van dé chat lugng
san pham in sau lap rap hoan thién va khai thac may in 3D
ki€u FDM. D6i véi cong nghé in 3D kiéu FDM, do chinh
xac clia san pham phu thudc vao kich thudc dau in, do
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chinh xac va téc do in. Chat lugng bé mat ctia san pham
phu thudc vao do két dinh gitia hai I6p layer, khoi lugng
cla I6p trén dé xuéng I16p dudi va nhiéu yéu t6 khac nhu:
do co ngdt, cong vénh, sai léch khi in.

Bai bao trinh bay phuong phap phan tich, lua chon,
dau ndi cac chi tiét, bd phan clia may in 3D kiéu FDM va
khai thac dong mady in nay trong viéc ché tao mé hinh
phuc vu cdng tac dao tao tai Trudng Cao dang Ky thuat
Quansu .

2. NOI DUNG NGHIEN CUU
2.1. Nguyén ly qua trinh in kiéu FDM

Céng nghé in FDM dugc nghién clru va phat trién vao
cudi nhitng ndm 1980 nha S. Scott Crump. Vao nam 1992,
chiéc may in Uing dung c6ng nghé FDM da dugc hang
Stratasys cho ra mat vdi tén goi 3D Modeler. Day la cong
nghé in 3D dugc st dung rat phé bién cho cac may in 3D
(in nhya) hién nay tai Viét Nam. Nhiing loai may thudng
thay: Prusa, Delta, Cube,... déu dung céng nghé nay. Cac
loai may in 3D duing c6ng nghé nay kha don gian va dé st
dung.

Coéng nghé FDM hoat déng dua trén nguyén tac lam
néng chay sgi nhya va théng qua dau phun nhiét trén bé
mat dé lam I3ng lai. Dua trén dir liéu 3D ngudi dung cung
cap cho may in, crdéng clia dau phun sé dugc diéu khién
tuong Ung. Vat liéu phd bién nhat stt dung cho may in 3D
cong nghé FDM la nhua ABS va PLA.

Mé hinh sadn pham duogc tao ra tufile JGES hoac file STL
nha sir dung phan mém CAD. Céc file dir liéu nay sé dugc
cat thanh nhiéu I6p va x ly thong qua phan mém
Quickslide va Supportwork.

" Piuin

Soi vat liéu

Cuén vat liéu
Soi vit liéu nong
. ] chay
San pham sau khi ran lai
——
Ban do

Hinh 2. Md hinh c6ng nghé in 3D FDM
Né&u can thiét sir dung, cau trdc d chi tiét sé dugc tu
dong tao ra. Vat liéu sau khi qua dau phun dugc gia nhiét
sé bi ndbng chay va dun ra tam dé theo dudng dan, lic nay,
I6p dau tién da dugc hoan thanh. Dac biét, ngudi dung cé
thé diéu chinh dé rong clia vat liéu thoat ra trong khoéng

tur 0,254mm dén 2,54mm.

Khi I6p vat liéu dau tién da dugc tao ra, dau phun cla
may FDM di chuyén theo chiéu hudng Z va tao ra l6p tiép
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theo. L&p vat liéu vira dugc dun sé lién két vai vat liéu tu
trudc d6. Qua trinh nay lap di lap lai nhiéu lan cho dén khi
mau vat dugc tao thanh hoan chinh [3, 5].

2.2. Lua chon chiing loai may in 3D kiéu FDM

FlashForge

=

Rerap Prusa i3

Hinh 3. Phuong an mdy in 3D dugc lua chon

Hinh 4. Ban vé mdy in dugc Iva chon

Trén co s& phan tich cac thiét ké may nhu: FlashForge,
Ultimaker, DeltaRostock va RerapPrusa, nhém tac gia lua
chon phuong an mdy in 3D nhu trén hinh 3 va 4.

May duoc |1ap rap cé dau in chuyén dong tinh tién theo
cac truc X, Y. Ban d& c6 gan ban gia nhiét chuyén dong
lén xudng theo truc Z [2, 4].

Cac théng s6 dau vao:

- Vatliéu in nhya PLA;

- Kich thudc khé in I6n nhat 300x300x300mm;

- Kich thudc dau in tir 0,4 dén 0,8mm;

-Toc d6 in tir 50 dén 100mm/s.

Tac gia strdung phan mém SolidWorks 2018 tién hanh
mo6 phdng kiém bén déi véi nhém dinh hinh ¢é kich
thudc 30x30mm, két qua thu dugc ing suat Ién nhat cla
khung nhém khi chiu luc udn bai trong lugng 10kg tuong
Ung vai 100N la 5,108.10°N/m? nho hon Ung suét cho
phép clia vat liéu 1a 9,651.10’N/m? (hinh 5).
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Hinh 6. M6 hinh tinh todn chuyén vi tac dung |én khung nhom khi chiu
uén

Chuyén vi cla khung nhém khi chiu luc uén 16n
nhat la 3,544.10°mm ndam trong muc gii han cho phép
(hinh 6).

Khi mé phoéng kiém nghiém kha nang chiu nén doc
truc do trong lugng clia cac co cdu may, vdi trong lugng
gia thiét la 10kg tuong Ung vai 100N, két qua thu dugc
Ung suat 16n nhat ctia khung nhéom khi chiu luc nén la
5,137.10°N/m? nhé hon ting suat cho phép clia vat liéu la
9,651.10’N/m?2. Chuyén vi clia khung nhém khi chiu luc
nén I6n nhat la 3,046.10°mm nam trong muc giéi han
cho phép.
2.3.Bo phanin

FDM la phuong phéap tao hinh dua trén nguyén ly
dung nhiét nung chay sgi nhya thanh dang léng & nhiét
dd 170 + 220°C tuy theo loai nhya va phun qua mét 16
nho khoang 0,5 mm (tuy thudc vao dau phun) thanh timg
I6p, mbi I6p day khoang 0,2mm lién ti€p 16p sau chong
[én 16p trudc, trong nhiét d6 moéi truong nhua sé dong
cung va lién két vai nhau tao thanh hinh dang yéu cau.

Hinh 7. Cau tao bén ngoai bd phan in

1.Ddng o dan ddng truc cudn day ABS; 2. Dau phun; 3. Bo phan gia nhiét
vat liéu in; 4. Bo phan [am méat dam bao nhiét do dau phun; 5. Bo phan gé kep
sgi nhua dan huéng qua banh réng cla dong co
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Sei vat liéu

vao

= _Ongl tan
nhiét
Ong din
ABS

Quat lim
mat

Dau i y
s Khii do

Hinh 8. Hinh vé cdu tao bo phan in

Cau tao bd phan in bao gém: déng co dan dong truc
cudn day, dau phun, b phan gia nhiét vatliéuin, bd phan
lam mat dé dam bao nhiét dd dau phun va bd phan ga
kep sgi nhya dan hudng qua banh rang ctia dong co. B6
phan in dugc gan trén gia d& va truot trén truc dan dé
thuc hién chuyén dong theo truc Y khiin [5].

Dong co budc, hai pha, size 42 dugc st dung dé dan
dong truc cuén day.

1. Péng co dan déng truc cudn day ABS: Kiém soat
soi nhua hay téc d6 phun ctia dau phun. Khi dong co
quay nhanh thi sgi nhua dugc ddy xuéng budng nung
nhanh va tao 4p luc ddy nhua 1dng phun ra nhanh hon &
dau phun.

2. Dau phun: Tai day nhua long sé dugc dun ra ngoai
qua mét 16 phun dusng kinh tir 0,1 dén 1,0mm.

3. B6 phan gia nhiét vat liéu in: Bubng nung chay sgi
nhua bao gém mot tré khang nhiét va cam bién bao nhiét
do buéng nung vé bo mach xt ly.

4.B6 phan lam mat dam bao nhiét d6 dau phun: Quat
va dé tan nhiét ngoai chiic nang tan nhiét cho doéng co,
con tranh dé nhiét lan trén buéng nung soi nhua gay chay
sgi nhua khi chua vao budng nung.

5.Phan ga kep sgi nhua dan huéng qua banh rang cta
déng co dé déng ca cé thé cudn dugc soi nhua.

2.4. Hé théng dan déng qua trinh in

Sau khi tinh toan, thiét k& cac bo phan dan dong, tién
hanh 13p ghép va mé phong két cau ctia may in 3D dugc
lap rap. Nguyén ly hoat dong ctia may in nhu sau:

Poéng ca 1 dan dong ban d6 3 tinh tién 1én xudng theo
truc Z théng qua bo truyén dai 2 va truc dan 4.B6 phan in
10 cung gia d& 7 dugc dan dong tinh tién theo truc Y boi
dong ca 5 théng qua cac bo truyén dai 6.

B6 phan in 10 chuyén déng tinh tién theo truc X doc
truc dan cua gia d& 7 bai dong co 8 théng qua b truyén
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dai 9. Déng ca 11 dugc st dung dé dan déng truc cudn
day vat liéu nhua ABS cho dau phun [2, 3].

Cacdoéngca 1,5,8va 11laddng co budc, hai pha, size
4219,11].

Hinh 9. Hé thdng dan dong qua trinh in

1,5, 8, 11. Ddng co budc; 2, 6, 9. B truyén dai rang; 3. Ban dd; 4. Dan
hudng block trugt tron; 7. Gid d6; 10. B6 phan in
2.5. Hé théng diéu khién may in

Board diéu khién dugc st dung dé diéu khién may in
3D kiéu FDM la board SKR V1.4 c6 tén day du la
BigTreeTech SKR mini V1.4 (c6 thé viét tat |a BTT SKR MINI
V1.4)[10].

Hinh 11. So do dau day BTT SKR MINI V1.4

Tap60-S011(11/2024)
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TMC2209 la mét module diéu khién déng co budc
dugc gidi thiéu bdi TRIAMINIC. Module TMC2209 dugc
thiét ké véi cong nghé TRIAMINIC dbc quyén giup
module diéu khién khéng 6n va c6 dé chinh xac cao [10].

17 18

) Hinh 15. Méy in 3D kiéu FDM dugc ché tao hoan chinh
Hinh 12. So d0 chan TMC 2209

R Sau khi copy file gcode vao thé nhé, két n6i véi may

current adjustment - in, ti€n hanh mot s6 thao tac dé€ may thuc hién qua trinh
S — J in. Giao dién man hinh LCD khi diéu khién mady in
ENABLE [000 O] +vmMOoT «
Ms1/AD0 [0 ° o| GND (hinh 16).
MCU MS2/AD1 [0 L
SPREAD|O — :
. RX [O = = - - 1
- --- TX [0 ‘ | @ @ ‘
STEP [0 <—| & iy @
DR [© 28° 23*% 1
T ] i -t
I ] » 1082 88_bo

L Media Inserted

LOGIC SUPPLY
Q S5V

Hinh 13. Giao tiép giiia TMC 2209 va vi diéu khién
3. KET QUA NGHIEN CUU

Sau khi tién hanh gia céng, lap rap, dau néi cac hé
théng, lap trinh diéu khién trén firmware Marlin 2.0 trén
may tinh, két néi véi board BTT SKR MINI V1.4 qua c6ng
USB thu dugc san pham la may in 3D kiéu FDM. San pham
dugc nghién ctru ché tao, 1ap rap la may in 3D kiéu FDM
véi kich thudc bao ngoai 550x500x700mm, kich thudc
khd in 300x300x300mm, kich thuéc dau in tir 0,4 dén
0,8mm, téc dé in tur 50 dén 100mm/s, d6 chinh xac cua
vatin dat dugc tir0,4 dén 0,01 mm tuy theo kich thudc san
pham, vat liéu in nhua PLA.

288°

»1007 M_—97 55
Printing...

2 . o = d) Mdy in dang bt dau qua trinh in
Hinh 14. Cac linh kién duoc chuan bi truc khi [3p rap, d4u noi Hinh 16. Giao dién khi diéu khién may in
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Dé danh gia cac tinh nang cta may dugc ché tao, l1ap
rap, thuc hién van hanh th nghiém déi véi vat liéu nhua
PLA. Cac budc thuc hién qua trinh in dugc thé hién & sc
dé (hinh 17).

STL file A A
M6 hinh 3D | | - Thiét 13 [ >| Chwong trinh ma G

Miy in 3D

Hinh 17. S d6 cac budc thuc hién qud trinh in

Hinh 18. Hinh anh mau in kiém nghiém trén méy in 3D duoc ché tao

Bang 2. Két qua in thit nghiém trén mdy in 3D ki€u FDM

Théng sd Mau 1 Mau 2 Mau3
Chiéu day 16p in dau tién, (mm) 0,4 0,2 0,2
Chiéu day cacp in sau, (mm) 0,3 0,3 0,2
S nétin ¢ thanh vat in 100 201 200
S nétin & ldp trén cling 40 79 150
S6 nét in & 16p dudi cling 40 80 150
P\han 'Era'm dién day vat liéu trong 2 10 10
long vatin, (%)
Dang dién day Zigzag Zigzag Zigzag
Dang dién kin mat trén/dudi cling Zigzag Zigzag Zigzag
Toc  do \ .th7anh ] |F1/vach phia 60 60 %
trong/ngoai clia mau in, (mm/s)
Tocdochhuyen khi dién day vat liéu %0 %0 %
trong mau, (mm/s)
T6¢ d6 in 16p nang da, (mm/s) 60 60 60
Duadng kinh sgi nhya in, (mm) 1,75 1,75 1,75
(hf]get 40 dau in/ban nhict §1dp dau, | 50500 | 200200 | 2007200
zget 40 dau in/ban nhiét 616p sau,| 00500 | 2007200 | 200200
Kich thudc chiéu dai trung binh, (mm) | 20,2 20,1 20,01
Kich thudc chiéurdng trung binh, (mm) | 20,2 20,1 20,01
Kich thudc chiéu cao trung binh, (mm) | 19,8 19,9 20,01

Bang 2 thé hién cac thong s6 clia ché do in tuang Ung
03 lan in khac nhau. Két qua ti bang 2 va hinh 18 cho
thay, cdc mau in dam bao d6 chinh xac hinh hoc, chat
lugng bé mat tot, khéng bi tach I6p, do két dinh gilra hai
I6p layer t6t, khéng bi cong vénh, bién dang, sai léch khi
in. Chat lugng san pham in trén may in 3D kiéu FDM dugc

102 | Tap chiKhoa hoc va Cong nghé Trugng Dai hoc Cdng nghiép Ha Noi

ché tao, 1ap rap tuang duong hoac cao hon so véi mot s6
may in 3D thuong mai trén thé gidi c6 cung khé in.

Chét lugng san pham chiing minh cho may in 3D kiéu
FDM dugc ché tao, lap rap hoat dong 6n dinh, ddm béo
cac yéu cau ky thuat dat ra. Mdy in dugc ché tao, lap rap
c6 kich thuéc gon han, tinh tham my cao han, hoat déng
8n dinh, dé chinh xéac va chat lugng sadn pham t6t haon so
sanh vGi cac may in 3D khac dugc ché tao, nghién ctu
trudc day.

Véi két qua trén, tac gia da tién hanh in thi nghiém
mot sé mo hinh hoc cu phuc vu qua trinh dao tao tai Nha
truong (hinh 19).

I} \% fl
{ 1AIS i b ‘\“ hn\‘\ \ LA
Hinh 19. Mt s6 san pham dugc che tao tir may in 3D kiéu FDM
4, KET LUAN

Mé hinh may in 3D kiéu FDM da dugc xac dinh vdi cac
b6 phan cau thanh nhu bo phan in, hé théng dan déng
qua trinh in, hé thong diéu khién may in. Cac bd phan trén
da dugc tinh toan, lua chon chlng loai phu hop véi cac
yéu cau ky thuat ctia may. So dé lap rap, dau ndi cac chi
tiét cau thanh nén ting bé phan da dugc xac dinh.

Mét s6 chi tiét I13p rap trén may in 3D kiéu FDM da
dugc in bang nhua PLA thay thé cho vat liéu kim loai.

Bai bao trinh bay cac két qua nghién ctu ché tao, lap
rap, khai thac may in 3D ki€éu FDM thuéc dé tai cap co s&
cta Nha truong dam bao muc tiéu dé ra. Huéng nghién
clu tiép theo cla dé tai la t6i uu ché do in dé dam bao
chat lugng san pham déi véi cac vat liéu nhua khac nhau,
hudng tGi nghién ctu ché tao, 1ap rap may in 3D kiéu FDM
in dugc vat liéu kim loai.

Cac két qua trén dap ing muc tiéu ché tao, lap rap,
lap trinh diéu khién may in 3D kiéu FDM hoan chinh vai
cac yéu cau ky thuat da dat ra, véi muc dich ché tao cac
mo hinh nham nang cao chat lugng dao tao déi nga
nhan vién ky thuat tai Trudng Cao dang Ky thuat Quan
su 1, kip thdi nam bat tan dung dugc nhing co hoi
tur Cadch mang cong nghiép lan thi tu mang lai, xay dung
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do6i ngl can bd, nhan vién ky thuat dap iing moi nhiém
vu clia quan doi.

LOI CAMON

Téc gia xin chan thanh cdm on Trudng Cao dang Ky
thuat quan su 1, Téng cuc Ky thuat da hé trg kinh phi thuc
hién nghién ctu nay.
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