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NGHIEN CUU TiNH TOAN THIET KE MAY IN 3D KIM LOAI 5 TRUC
DESIGN CALCULATION RESEARCH 5 AXIS METAL 3D PRINTER

ThS. Bui Quang Toan
Khoa Co khi, Trudng Dai hoc Cong nghé Pong A
TOM TAT

Bai bdo trinh by qud trinh nghién ciku, tinh todn, thiét ké va xdy dwng mé hinh may in 3D.
Sir dung phdan mém diéu khién Mach3 dé gia céng in dwoc cdc chi tiét ¢é vit liéu bang kim loai dang
ddy nhuw nhém, dong, thiéc... Véi kich thude téi da c6 thé gia cong la 150 mm x 150 mm x 100 mm.
May c6 thé dich chuyén theo 5 truc X, Y, Z, B, C nén cé thé gia cong dwge nhitng chi tiét c6 hinh
ddng phirc tap ma cac mady gia cong truyén thong khéng thwe hién dwoc. Noi dung chinh bao gom
tinh todn thiét ké phan co khi, lwa chon b diéu khién, phan mém diéu khién, xdy dwng mé hinh mdy
hoan chinh.

T khoa: Pau phun; Piéu khién; Pong co; May in 3D; Két cdu.
ABSTRACT

The article presents the process of researching, calculating, designing and building a 3D
printer model. Use Mach3 control software to process and print parts made of wire metal materials
such as aluminum, copper, tin... with the maximum size that can be processed is 150 mm x 150 mm
x 100 mm. The machine can move along 5 axes X, Y, Z, B, C so it can process parts with complex
shapes that traditional machining machines cannot. The main content includes mechanical design

calculations, controller selection, control software, and building a complete machine model.

Keywords: Nozzles; Controls; Motors; 3D printers; Structures.

1. PAT VAN PE

Hién nay, ¢ Viét Nam, viéc ap dung
nhitng cong nghé hién dai, tién tién vao san
xuat dang phat trién rat manh mé. Su canh tranh
vé miu mi, chit luong va gia thanh san pham,
doi hoi cac nha san xut can phai tdi wu hoa
qua trinh san xuét, trong d6, viéc chuyén nhanh
¥ tuong tir thiét ké ra san pham thuc té 1a rat
quan trong. Hién tai, c6 rat nhiéu cong ngh¢ tao
mau nhanh khac nhau, mdi céng nghé déu cé
wu, nhuoc diém riéng, may in 3D 1a mdt trong

nhiing phuong phap tao mau nhanh c6 thé tao
ra duoc nhing san pham phirc tap va tinh xao
nén dang duoc mot sé to chirc, doanh nghiép
dua vao sir dung. Tuy nhién, hién nay, cac loai
may in 3D vé co ban déu dugc nhap khau tir
nudc ngoai vé nén gia thanh rat cao. Nhan thay,
day 1a nhu ciu tit yéu cta nganh cong nghiép
san xuét trong tuong lai, tac gia dd manh dan
nghién ctru, tinh toan, thiét ké may in 3D kim
loai dé phuc vu cong tac nghién cuu, dao tao
cling nhu ché tao thr nghiém dé dua vao san
xuét thuce té.
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1. GIAI QUYET VAN PE
1.1. Phwong phap nghién ctru

Duya vao nghién ctru Iy thuyét, thuc tién
tlr cac mdy c6 san trén thi trudong va dya dir liéu
cac thong sd dau vao nhu ché do cit, vat liéu
gia cong, kich thudc may, nguyén ly hoat dong,
gia ca va chit luong... Qua phan tich, tac gia
da tién hanh thiét ké va xay dung duoc may in
3D kim loai hoan chinh trén 5 truc gia cong la
X, Y, Z, B, C. May in dya theo nguyén ly Laser
Metal Deposition (LMD), dau phun dugc thiét
ké dya trén dau phun laser ctua hing Hybrid.
Ngudn phong laser 1a dng phong laser Co,.

2. QUY TRINH THIET KE
2.1. Thiét ké hé thong co khi

Két cdu may [1, 6, 7], dugc chia lam 5
cum truc chinh: X, Y, Z, B, C.

2.1.1. Két cdu cum truc X:

Hinh 1. Két cau cum truc X:

Ky hiéu (sé luong): 1. Thanh truot (02);
2. Pong co bude (01); 3. Gbi d& (01); 4. Vit
M5x20 (18); 5. Ban truc X (01); 6. Pai 6c bi
(01); 7. Gia d& dai 6c bi (01); 8. Con truot (04);
9. Vit me bi (01).

2.1.2. Két ciu cum truc Y:

Hinh 2. Két cau cum truc Y

Ky hiéu (sb luong): 1. Pong co truc Y
(01); 2. Ga dong co (01); 3. Gbi d& tryc vit me
(02); 4. Truc vit me bi (01); 5. Ban truc Y (01);
6. Pai bc bi (01); 7. Tam ga truc Y (01); 8. TAm
gatruc Z (01).

2.1.3. Két cdu cum truc Z:

Hinh 3. Két cau cum truc Z:

Ky hiéu (s6 lwong): 1. Béng co truc Z
(01); 2. Thanh truot (02); 3. Con truot (04);
4. Bracket (01); 5. Vit M5x20 (16); 6. Truc vit
me (01); 7. Ga dong co (01); 8. Goi dé truc vit
me (01); 9. Pai éc bi (02); Spindle (01); Ga
spindle (01).
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2.1.4. Két cdu cum truc B:

gidm toc, ti s6 truyen 1 - 25 (01); 5. Vé ldp 6
lan (01); 6. Ban may truc C (01).

2.1.6. Két céu déau in

Hinh 4. Két cau cum truc B o1
Hinh 6. Két cau dau in
Ky hiéu (56 lwong): 1. Béng co (01); 2. A4 . i o
Khép noi (01); 3. Hop giam téc ti s6 truyén 1 2.1.7. Két cau bo cap day
-60 (01); 4. Truc (01); 5. Ban may truc B (01),
6. Than d& truc B (01); 7. Vé nap (01).

2.1.5. Két ciu cum truc C:

Hinh 7. Két cau b¢ cdp ddy
Hinh 5. Keét cau cum truc C:

Thong sé dong co [3]: Dién ap dinh
mirc 24V; toc do cap day 40 - 200 mm/phut;
duong kinh banh rang 10 mm.

Ky hiéu (so heong): 1. Tam g dong co
(01); 2. Béng co (01); 3. Khép noi (01); 4. Hop
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2.2. Tinh toan thiét ké bd diéu khién
2.2.1. Phan diéu khién mdy

Hé théng diéu khién trén may in 3D [2,
4] quyét dinh toan bg qua trinh hoat dong cua
may. Board mach nhu 1a ddu nio cta may [5],
lam nhiém vu diéu khién céc linh kién: Cam
bién, dong co budc, dién trd gia nhiét cho cum
dAu in va ban in va cac thiét bi khac di kém.
May in 3D nhan dir liéu ¢ dang G-code NC
duoc tao ra tir cac phén mém hd tro qua trinh in
3D, hé théng dién 1am nhiém vy diéu khién b
két cau co khi theo cac dong 1énh trong toan bo
chuong trinh duoc nap vao trong may.

Trén co sé phan tich yéu cau d6i véi
may in, phén tich cac vu diém va nhuoc diém
ciia cac bo mach va thiét bj co sn, cc phén
mém hd trg in 3D. Hé thong diéu khién may in
3D duoc tac gia xay dung nhu hinh 8.
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Hinh 8. So' do hé thong diéu khién may in 3D.

- May tinh: Puoc cai dit phan mém dé
md hinh hod vét in, tao chuong trinh NC, phan
meém noi suy, dieu khién may in.

- Mach diéu khién trung tam: Str dung
bo mach Arduino Mega 2560 dé doc chwong
trinh NC tir may tinh hodc thé SD, thu thap dir
lidu tir cam bién va cong tic hanh trinh dé dua
ra tin hiéu diéu khién dong co va dau nung,
dé)ng thoi truyén dir liéu trang thai hoat dong
clia may vé may tinh.

- Mach cong suit: St dung bo mach
RAMPS 1.4 va A4899 dung dé diéu khién dong
co va dau nung.

- Co cau chép hanh: Bao gém cac dong
co dan dong sir dung dong co budc Nemal7 220
Nm va dau nung chuyén dung cong suit 40 W.

- Cam bién: Cam bién nhiét d6 NTC
100 K Thermistor dé do nhiét d6 dau nung va
ban nhiét. Cac cong tac hanh trinh dugc gin ¢
dau trén cia ray trugt dé gii han hanh trinh
clia co cau.

- Mach diéu khién Mach3 5 truc hd tro
giao ti€p voi may tinh qua cong LPT, hoan toan
tuong thich voi phan mém Mach3.

- Cép ngudn qua cong USB va cac thiét
bi ngoai vi doc 1ap nham tranh soc dién cho

may tinh khi van hanh.

- Pién ap ngudn ngoai co thé thay déi
trong khoang tir 12V dén 24V.

- Tat ca cac tin hiéu vao déu duoc bao
vé€ bang cach ly quang d€ bao vé mach.

- Str dung 1 role, c6 thé dung dé diéu
khién spindle.

- C6 dau ra analog (0 - 10V) dé nbi véi
bd bién tan khi can dieu khién toc do spindle.

- C6 thé diéu khién cung liic téi 5 dong
co budc (5 truc).

- C6 thé két ndi véi driver dong co budc
theo anot chung hodc catot chung.

2.2.2. Linh ki¢n dién, di¢n tir diéu khién mdy
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* Linh kién dién, dién tu:
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Hinh 9. So do linh kién dién, dién tir
diéu khién may

Linh ki¢n dién, dién tur dicu khién may
gom cdc chi tiét chinh sau:

1. Vi diéu khién bo mach Mach3; 2.
Nguén bat tit truc chinh; 3. Nguén dién; 4. Pau
ra bién tin va truc chinh; 5. bong co bude 5
truc X, Y, Z, B, C; 6. Driver diéu khién dong co
budc; 7. Nat dimg khan cip; 8. Cong tic gidi
han cac truc; 9. Sensor gidi han hanh trinh dich
chuyén; 10. May tinh.

* Phan mém diéu khién may:

Pé twong thich voi Bob Mach3 ¢ trén,
thi ta chon phan mém Mach3, Mach3 14 phan
mém cua hang ArtSoft, ban dau duoc thiét ké
danh cho nhitng nguoi ché tao may CNC tai
nha theo s¢ thich nhung da nhanh chéng tro
thanh phan mém diéu khién linh hoat trong
cong nghiép.

- Bién mot may tinh c4 nhan PC thanh
mot bo dieu khién may CNC 5 truc véi day du
cac tinh nang.

- Cho phép import truc tiép cac file
dxf, bmp, jpg va hpgl thong qua phan mém
LazyCam.

- Hién thi G-code truc quan. Tao ra
G-code thong qua LazyCam hoac Wizards.

- Giao dién c6 thé tuy bién hoan toan
theo y thich nguoi st dung. Tuy bién M-code
va Macro bang cach su dung Vbscrip.

- Piéu khién duoc toc dd truc chinh
(Spindle). Diéu khién dugc nhiu role dong cat.

- C6 kha ning tao ra xung diéu khién
toc do dong co bang tay. Hién thi video khi may
chay.

- C6 kha nang dung dugc véi man hinh
cam ung.

- Giao dién phan mém c6 kha ning hién
thi ra toan man hinh bat ky dang st dung.

Hinh 10. Giao dién phan mém Mach3
diéu khien may

3. KET CAU MAY

Sau khi phan tich két cau may, tac gia
d3 Gng dung phan mém Unigraphics NX dé
thiét k& mo hinh may va mo hinh phan ri cua
céc cum chi tiét nhu hinh 11.
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Bdng 1. Théng s kjf thudt mdy:

Tén may May in 3D kim loai
, . A 150 mm x 150 mm x
Kich thudc gia cong 100 mm
Cong suat laser 40W
Vat liéu in Nhém, Pong, Thiéc ...
Két ndi voi méy tinh Co
Man hinh LCD Co
Cam bién an toan Co
bién ap 220V

Hinh 11. M6 hinh may hoan chinh

Céc chi tiét co trén may déu duoc tinh
toan, thict ke theo tiéu chuan dé thuan tién cho
viéc ché tao cling nhu stra chira va thay thé sau
nay.

- Truc X, Y, Z duoc dan dong bang bd
truyén vit me dai ¢ bi dé€ dat dugc dd chinh xac
nhat trong qua trinh may hoat dong.

- Céc truc B, C duoc tang cudng momen
xo0an nho 2 hop gidm toc do ¢ 2 truc.

- Str dung dong co bude dé truyén dong
cho tat ca cac truc.

- Str dung cam bién hanh trinh dé giéi
han hanh trinh cho cac truc X, Y, Z.

- St dung cic mdi ghép bulong, mdi
ghép han va mdi ghép then dé bt ghép cac chi
tiét dé tao thanh may.

3. TRAO POI VA KET LUAN

Bai bao trinh bay mot cach tong quat
hé thdng qua trinh tinh toan, thiét ké may in
3D kim loai 5 truc CNC. Qué trinh thiét ké, lya
chon két cdu da dugc tién hanh dua vao cac yéu
cau dat ra. M6 hinh 3D ctia may in dugc xay
dung hoan chinh cho phép mo phdong dong hoc,
dong luc hoc, tinh todn kiém bén va tbi uu thiét
ké dé diéu chinh va hoan thién truéc khi ché
tao. H¢ théng diéu khién duoc xay dung trén co
s& cac phén mém, bo mach va thiét bi c6 sin,
dam bao tinh kinh té va tinh 6n dinh. Trén co s&
d6, dé ché tao may in dam béao cac yéu cau k¥
thuat nham phuc vu san xuat thuc té cling nhu
giang day va nghién ctru.
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