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Nghién ctru thiét ké va ché tao may phay CNC 3 truc ¢ nho

Ding Vian Chi ' Nguyén Thé Lyc !,
! Truong Pai hoc M6 - Dia chat

TOM TAT

May phay CNC 1a mdt trong nhitng thanh tyu cia tién bo khoa hoc k¥ thuét trén thé giéi. May phay CNC
ngay cang duoc ing dung rong réi trong ché tao may, dic biét trong linh vuc co khi chinh xac va tu dong
hoa qua trinh san XUuét. Trong bai bao nay, nhom tac gia trinh bay cac ndi dung vé: “Nghién ctru thiét ké
va ché tao may phay CNC 3 truc” duogc thuc hién va hoan thanh tai Phong thi nghiém Tu dong hoa -
Trudng Dai hoc Mo - Pia chat, Ha Noi. Két qua nghién ctru, thiét ké va ché tao thanh cong may phay
CNC 3 truc c6 y nghia vé mat khoa hoc va thuc tién. Co thé ung dung vao giang day, dao tao va thuc
hanh mén hoc CNC cho chuyén nganh k¥ thuat diéu khién va tw dong hoa. San phdm c6 thé trién khai
vao thyc tién san xuat mot cach hidu qua va thay thé san phadm cung loai nhap khau.

Twr khoa: May phay CNC, Bdng co budc, Mach 3.

1. Dit van dé

Hién nay, khoa hoc ky thuat ngay cang phat trién, vi vay viéc ing dung cac k¥ thuat tién t1en vao san
xut nhim tao ra nhitng san pham ¢6 nang suét, chat luong cao va gia thanh ha ngay cang cap thiét, dac
biét voi cac nude dang phat trién nhu Viét Nam va chudn bi hoi nhép thé gidi.

Cac nude cd nén cong nghiép phat trién, ty dong hoa quéa trinh san Xuét trong d6 c6 nganh co khi ché tao
da duoc thuc hién tir nhitng ndm trude day. Mot trong nhirng van dé quyet dinh cua ty dong hoa nganh co
khi ché tao 1a k¥ thuat diéu khién s6 va cong nghé trén cac may diéu khién sb. Céc may cong cu diéu khién
s6 duoc ding phd bién & cac nude phat trién nhu may CNC, trong nhitng nim gan day da duoc nhap Vao
Viét Nam va duoc su dung rong rdi & cac Cong ty, Nha may va Xi nghiép... May cong cu diéu khién sb
hién dai (CNC) 14 cac thiét bi dién hinh trong san xuét tu dong va n6 1a dic trung cho nganh co khi ty dong.
Vay dé lam chu duoc cong ngh¢ thi ta phai lam chu dugc k¥ thuat thiét ké va ché tao CNC.

O Viét Nam, trong mot s6 cac Vién nghién ctru, cac Trudng Dai hoc, Cao ding dd dang timg bude dua
vao giang day mon hoc CNC. Tuy nhién, con qua nhiéu rao can vé tai chinh ma cac phong thi nghiém,
thuc hanh chua dugc déu tu cho nghién ctru, thiét k&, ché tao mot cach thoa dang. Vi thyc trang trén,
nhom nghién ctru d& xuét nghién ctru ché tao may phay CNC dé nham phuc vu t6t hon cong tac giang day
va dao tao mén hoc CNC cua B mén Ty dong hoa - Khoa Co dién. Ddng thoi két qua nghién ctru c6 the
trién khai ché tao thanh san pham thwong mai, hoan toan c6 kha ning dap tmg yéu cau thyc tidn san xuét
cong nghiép.

2. Thiét ké va ché tao may phay CNC 3 truc

2.1. Yéu cau veé thong so k¥ thuit va cong nghé cia may CNC
Vit liéu gia cong: Nhom, hop kim nhom, dong, mica, phip, g0, gb phip, ...
Dung cu gia cong: dao phay, duong kinh truc 16n nhat Dyax= 10mm.

Dong co truc chinh: Toc do quay tryc chinh 6i da ® masx = 24000 vong/phit.
Gi6i han hanh trinh di chuyén t6i da cac truc: L,=400mm, Ly = 600mm, L, = 200mm.
Khung may: St dung vat li¢u kim loai (nhém, thép) dam bao d¢ bén, cung, viing, 6n dinh khi lam viéc.

2.2. Nghién cteu tinh chon thiét b truyén dgng
a. bong co dan dong truc chinh

Chon dong co 3 pha khong dong bo (hinh 1) véi thong sé ky thuat nhu sau:
P=1.5kW; f=400Hz; U=220V;I=5A;% 4=0+24000vong/phut. (TS.Tran Van Dich, 2000).

*Tac gid lién hé
Email: dangvanchi@humg.edu.vn

121



Hinh 1. Bong co dan dong truc chinh

Diéu chinh téc d6 dong co truc chinh bang bién tin LS, loai SV022iC5-1 véi théng sb ky thuat nhu
sau:

Thong S(f) da:iu vao: U; =200-230Vac (1 phase); fi = 50Hz hodc 60Hz

Thong so dau ra: U, = 0-230Vac(3 phase); f>= 0-400Hz; P = 3HP/2.2kW

b. Bjng co din dpng cho 3 truc x, y, 7

Dé diéu khién dan dong céc truc x, y, z cia may CNC, c6 thé chon cac loai dong co co kha ning diéu
Kkhién vi tri nhu: Dong co Servo, dong co mot chiéu hodc dong co budc (Truong Hiru Chi, V3 Thi Ry,
2007). Tuy nhién nhom tac gia da lya chon dong co budc (stepping motor) dé dan dong cho cac truc
doddng co bude dap g t6t cac yéu cdu vé diéu khién chinh xac vi tri,c6 uu diém la khong cin mach
phan hdi va gia thanh thip. (Nguyén Quang Hung, Tran Ngoc Binh, 2005; Marc McComb, 2007;
Beckhoff New Automation Technology, 2010).

Hinh 2. Bong co dan dong truc toa do )
Lua chon dong co budce 5 phase cua hang Autonic (hinh 2) véi thong so k¥ thuat: Usm = 1.45V; Igm =
1.4A/phase; 250 budc/1vong quay (1,44%1budc).

c. Bj phin truyén dong co khi bién chuyén dpng quay thanh chuyén dong tinh tién

Hinh 3. Vit me — dai éc trén may CNC
Dbi v6i bd truyen co khi blen chuyén dong quay thanh chuyén dong tinh tién ta chon bod truyen vitme bi
(hinh 3). Véi uu diém két cau co khi khir khe ho gitra vit me va dai oc, tao sirc cang ban dau nhim ting
d6 cung viing doc truc, tao ma sat nhd, hiéu sult cao va cling san c6 trén thi truong (Phan Hitu Phic,
2000).
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2.3. Nghién civu thiét ké h¢ thong diéu khien
a. Thiét ke so do nguyén ly tong quan hé thong diéu khién

SPINDLE

- CONTROL SHGNAL
b ———————

=
SPINILE

COOLING PUMP

INVERTER

STEF MOTOR

.
T CONTROL SIGNAL

AC TO DC FOWER -
CONVERTER
P < .
i i

Fy

NANIS STEP  VANIS STEF £ ANIS STEP COMPUTER
MOTOR MOTOR MOTOR

Hinh 4.80 d6 nguyén Iy diéu khién hé thong may CNC 3 truc

Hé théng diéu khién nhu hinh 4 (Ta Duy Liém, 2001) gdm:

= B ngudn va bo mach didu khién ghép ndi may tinh.

= Cum 3 driver diéu khién dong co budc di chuyén & cac truc toa d6 vé6i tinh nang lam viéc 6n dinh
trong moi trudong san xudt cong nghiépkhic nghiét. Pap tng nhanh va d& dang diéu khién tryc tiép tir
may tinh thong qua phan mém.

= Thiét bi diéu khién dong co truc chinh (SPINDLE): Bién tin LS-i5.

= H¢ thong bom nudc tudn hoan dé 1am mat dong co.

= Céc bo diéu khién dong co (motor driver) nhan tin hiéu diéu khién tir bo mach chinh két ndi voi may
tinh thong qua day cable.

= Hién nay c6 3 phuong thirc ghép nbi may tinh duoc str dung d6 1a: Ghép ndi théng qua khe cim PCI,
qua cong USB hoic cong LPT.

b. Thiét ké mach LPT-BOB (Break Out Board)

Chirc nang chinh cia mach BOB 1 chuyén ddi tin hi¢u diéu khién tir may tinh dén cac MOTOR
DRIVER va bién tin dé diéu khién dong co budc va SPINDLE. Ngoai ra mach BOB cho phép két ndi cac
tin hiéu tir cac cam bién va cac nit nhin diéu khién dén may tinh.

Mach BOB (hinh 5) dugc thiét kétrén phan mém Proteus. Cac linh kién sir dung thong dung nhuw
OPTO 521, IC 74HCO04, cung v6i mot vai linh kién co ban nhu dién trg, tu dién,... (Kajal J.Madekar,
Kranti R. Nanaware, Pooja R. Phadtare, Vikas S. Mane, 2016).

c. Thiét ké ldp dat i dién diéu khién

Ta diéu khién (hinh 6) bao gdm toan bd cac thiét bi dién didu khién va cac bo mach diéu khién may
CNC cung véi khbi ngudn. Tu diéu khién co cac gidc két ndi tin hiéu didu khién, két ndi ngudn theo tiéu
chuin cong nghiépdam bao két ndi chic chin va 6n dinh khi lam viéc 1au dai. Cac nut bam diéu khién,
nut dimg khén cip, dén bao duoc bd tri trén bé mit ta didu khién gitip cho thao tac van hanh diéu khién
may dugc thuén tién, ddm bao an toan, chinh xac.

Hinh 5. Sdn pham mach BOB Hinh 6. Cac thiét bi trong tu dieu khién may CNC

(Break Out Board) mday CNC
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2.2. Giao dién lam viéc

Hién nay c6 rat nhidu cac phan mém dugc sir dung dé diéu khién may CNC. Phan mém Mach3 ctia
hang ArtSoft duge sir dung kha phd bién do tinh don gian va hiéu qua mang lai. Phin mém Mach 3 ban
dau duoc thiét ké danh cho nhitng ngudi ché tao may CNC tai nha theo s& thich nhung da nhanh chéng
tr& thanh phdn mém diéu khién linh hoat trong cong nghiép (Phan Hitu Phuc, 2000). Phin mém Mach 3
c6 thé két ndi voi cac bo mach diéu khién mdy thong qua ghép ndi cong LPT hodc USB. Giao dién lam
viéc cua phan mém Mach 3 (hinh 7) duogc thiét ké truc quan, than thién véi ngudi dung, cho phép thiét dat
cac thong sb diéu khién va giam sat qua trinh lam viéc cuia may CNC.

a. Chikc ndng va ddc diém co ban ciia phan mém Mach3

® Cho phép nhap truc tiép céc file dxf, bmp, jpg va hpgl thong qua phin mém LazyCam.

= Hién thi G-code truc quan va tao ra G-code théng qua LazyCam hodc Wizards.

= Giao dién c6 thé tily bién hoan toan theo y thich ngudi sir dung.

= Tuy bién G-code va Macro bang cach sir dung VBscript.

= Picu khién tdc d6 truc chinh (Spindle), cc role dong-cit.

= Kha ning tao ra xung diéu khién toc d6 dong co bang tay.

* Hién thi video khi may chay, quan sat vi tri, hanh trinh chay dao theo 3 truc

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

Vo il

o &)
RPM o
S-ov o
Spindle Sps-d

Remember| Retum.|
Etaosed 00:43

T

Hinh 7. Giao dién Mach3 diéu khién va gidm sdt mdy CNC

b. Thiét ddt cdc thong s6
Dé truyén tin hiéu tir Mach3 ra cdng LPT, truéc hét ta phai hiéu chinh s chan va sé cong LPT trén
phin mém bing cach:
Trén thanh Menu chon config (hinh 8).
'Enginaoenﬁuuranan Ports & Pins ﬂ

Pos Setup and o Sestion | Mot utps | et Sk | Outpu S | Encode/MPG's | SprdeSetup | M Dptins |

= Motor output: Tin hi¢u xuét ra cho dong co, cho phép ta chon chan cép xung diéu khién budc cho

Note: Softwars mugt ba estarted and molor: etuned if
hesrel speed it changed

il'lp Past 2 MaC Mede
Port Enabled & OR
11 Pk el 1™ Max CL Mok enstied
0378 PotAddhess 0278 PortAddvmss I™ MaxNC10Wave Diive
Entry i Hes 0-9AF oy Entry i Hew D9 &F ondy Program restat necessay
I Pins 29 s inputs T
I Shedie 1/2 Puse mode
Keinel Speed- ™ Mo InpuiDudput Support
@ 500 000z 45000 © B0000ke [ ModBus Phagin Supported
C s © Tk O 10Kk I TCP Madbus suppint

™ Evert Drvan Serisl Control
I™ Seevo Senel Lk Fesdback

Hinh 8. Man hinh thiét lap cdu hinh PORTS and PINS

Trong hop thoai gdm 7 tab véi cac function:(Beckhoff New Automation Technology,2010).
= Port setup and axis selection: cho phép thict 1ap s6 cong LPT.

dong co va chéan cép tin hiéu diél} khién chidu quay dong co hay huéng di chuyén & mdi truc.
= Input signals: cho phép thict 1ap chan tin hi¢u ngd vao(nhu céc tin hi€u hanh trinh ...).

= Qutput signals: cho phép thiét 1ap chan tin hiéu ngd ra (nhu déng mé dong co truc chinh, bom lam
mat..

).

= Encoder/MPG’s: Cho phép thiét 1ap chan tin hiéu Handle.
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= Spindle setup: Cho phép cai dit tin hidu dong mé truc chinh, chon ché d6 lam mat...
= Mill option:Cac lya chon cho ché d¢ Mill nhu cai dét khoang cach an toan cho truc Z...
¢. Hiéu chinh Motor (motor turning)(hinh 9)
Mot Turing s scup S S S

[~ Axis Selection

! X - AXIS MOTOR MOVEMENT PROFILE Velodty

X Axis

o
0 005 01 015 02 025 03 035 04 045 05
| Time in Seconds

E

|

Velocity Acceleration StepPulse  Dir Pulse SAVE AXIS SETTINGS |
Steps per In'sormmspermin.  in'sor mmsfsec/sec G 1-5u8 g5 |
| [200 [s6.25 [0.1256982 [ 5 Cancel |

Hinh 9. Hop thoai cho phép hiéu chinh sé6 xung di chuyén motor
= Pé vit me dich chuyén tinh tién mot khoang dai 1mm thi ta phai quy d6i twong duong s6 budc/vong
quay.
* Steps per la s6 budc dé truc di chuyén 1 mm (néu chon don vi 1a mm).
* Velocity Inches per Minute 1a toc d dich chuyén (mm/phut).
® Chon thong s6 hop ly phu thude vao vit me. . )
. C}lon phuong phéap diéu khién mot bude, nira bu:(’rg hgéc vi puéc va yéu cau thiét bi gia cong.
Cuodi cung chon nit MDI, nhap G-code vao Input dé diéu khién may.

3. Két qua va thao luin

Mo hinh méy p}}ay CNC 3 truc hoan thién dugc nhém tac gia lép dat, tich hop theo cac thiét bi duoc
lIya chon va thict ké & trén (hinh 10).

Hinh 10. M6 hinh may phay CNC 3 truc hoan Hinh 11. Mdy chay thir nghiém phay gé
thién
May da dugc chay thir trén cac chét ligu khac nhau cho két qua dép tmg cac yéu cau dit ra vé chat
luong, k¥ thuat va do chinh x4c gia cong. Dam bao vé mat tham m§ qua trinh gia cong co khi (hinh 11).

4. Két luan

Dé tai nghién ctru thiét ké, ché tao may CNC 3 truc da giai quyét va hoan thanh cac ndi dung theo yéu
cau va muyc tiéu dit ra.

May da duoc chay thir nghiém trong phong thi nghiém B¢ moén Tw dong hoa véi cac chit lidu khac
nhau, di dap ung dugc cc yéu cau thiét ké va dam bao chat luong san pham

Thur nghiém véi cac chirc nang diéu khién khac nhau: ché d¢ diéu khién bang tay, diéu khién ty dong
dugc danh gia hé théng hoat dong 6n dinh va lam viéc tin cdy.

San phdm cua dé tai budce déu 1a mét cong cu hoc tap, giang day thyc hanh hitu hi¢u, b6 trg cho mén
hoc lap trinh CNC, dap ung t6t yéu cu co ban khong chi dao tao ky su nganh ky thuat diéu khién va tu
dong hoa ma con co thé dap ung cac yéu ciu thuc hanh cho k¥ su chuyén nganh co khi ché tao, may va
thiét bi M¢ trong Khoa Co - Di¢n.

C6 thé phat trién thanh san phdm thuong mai va chuyén giao cong nghé ché tao cho cac don vi san
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xuét cong nghiép, c6 thé trién khai (mg dung thyc té.
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ABSTRACT

Research - Design and manufacture of small 3 axis
CNC milling machine

Dang Van Chi!, Nguyen The Luc!
! Hanoi University of Mining and Geology

CNC milling machine is one of the achievement of scientific progress in the world. It is widely used in
manufacturing machine, especially in the field of precision mechanics and the automation of production
process. In this article, the authors present contents and results of the project: "Research, design and
manufacture of 3 axis CNC milling machine" which was done and completed at the Automation
Laboratory — Ha Noi university of Mining and Geology. The result of this project is scientific knowledge.
The 3-axis CNC milling machine model can also be used for teaching, training and practice CNC courses
for engineering and automation. The product can be effectively putted in practive and replaced with the
same imported product.

Keywords: CNC milling machine, step motor, Mach 3 software.
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