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TOM TAT: Bai bdo nay trinh bay vé viée thiét ké va thi céng mdy gia cong Laser da chirc nang: cat, khdc lén nhzéu logi vat liéu,
khdc vt the tron, mé phéng chir viét tay, vé tranh. My sit dung bg vi diéu khién Arduino nano, déng co budc truyén déng dai rang,
cong sudt bong Laser ban dan 2W. Cd hé théng dwoe diéu khién thong qua phan mém mdy tinh. Két qud thirc nghiém cho thdy, may
hoat dong kha chinh xdc voi do sai léch < 0.1mm, may co thé lam viéc on dinh trong thoi gian dai dong thoi chi phi hoan thién kha
thap (khodng 5 triéu dong) tie d6 dé ding tiép cdn véi nguwdi ding phé thong.

Tir khéa: Arduino, CNC, GRBL, Laser.
I. GIOI THIEU

Trong nhitng nam gan day nganh co khi chinh xac tai Viét Nam ngay cang phat trién manh. Sy du nhap cua cac
may CNC nhanh chong lam thay d6i viéc san xuat cong nghiép nhu gia ting mirc d6 tu dong hoa, tdi wu do chinh xéac
va chit luong thanh phim dong thoi giai phong strc lao dong con ngudi. Dua trén nguyén 1y hoat dong ciia may CNC
[1] cung vé6i su ra doi cua cong nghé Laser d6t nong di cho ra doi cac loai may gia cong Laser. Tai Viét Nam céc loai
méy Laser nay duoc tmg dung nhiéu trong gia cong chinh xac nhu khudén mau, nhdn méac, ma vach, qua ting...tuy
nhién cic may nay thudng co kich thudce rat 16n, gia thanh cao trong khi chirc ning chi 13 gia cong trén bé mat phang
va chu yéu ding trong cong nghiép ma chwa di vao dan dung. Dya vao nhitng thyuc tién d6 nhom nghién ctru da thiét ké
va ché tao thanh cong méy gia cong Laser da chirc ning nhu cit, khic laser nhidu vét liéu, khic vat thé tron, mé phong
chir viét tay, v& tranh... voi gia thanh hop 1y d& dang tiép can v6i nhidu ddi tugng sir dung khac nhau.

Trong phan Il chung t6i s€ trinh bay Ve ¥ tudng va thiét ké phan clmg, viéc toi vu héa firmware duoc thé hién

trong phan 11, phan IV cung cap kién thirc tong quan vé G-code, phan V mo ta qua trinh thiét ké gia cong va xuit G-
code, phan VI trinh bay cac két qua thyc té va phan VII 1a tong két cua bai bao.

II. THIET KE PHAN CUNG
A. Thiét ké co khi

0 mo ta viéc xac dinh hé truc hoat déng ctia may theo toa do Descartes 3 truc [2] qua d6 ta sé€ quy dinh chiéu
hoat déng cta hé truc nhu sau (vi vi tri ngudi van hanh nhin tr - Y sang + Y):

e Truc X vudng goc véi truc Z v6i + X 1a chiéu tir phai sang trai va — X 1a chidu nguoc lai.

e Truc Y vudng goc truc X va Z voi + Y 1a chiéu tir ¢b tay dén dau ngon tro (chiéu ra xa nguoi van hanh may)
va—Y la chiéu nguoc lai.

e Truc Z 1a truc dimg v&i + Z 1a chidu tir du6i 1én va — Z 1a nguoc lai.

e Ngoai ra may duoc bd sung mét truc Y khac v6i phuong thire hoat dong xoay tron dit ngoai hé tryc trén ding
dé xur 1y cac vat thé dang try tron.

Dua vao cach xac dinh trén viéc bd tri cac truc cia may dugc thyc hién nhu 0
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Hinh 1. Hé truc toa d6 theo quy tic ban tay phai


https://vi.wikipedia.org/wiki/H%E1%BB%87_t%E1%BB%8Da_%C4%91%E1%BB%99_Descartes
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Hinh 2. B4 tri hé truc

T1ep theo can lya chon mdt phuong thirc truyén dong phu hop véi cAu tric khung da dugc xay dung. C6 thé Iya
chon nhiéu phuong thirc truyén dong khic nhau nhu vit me dai dc, vit me con trugt, banh xe dai ring. . . Trong do6
phuong thirc banh xe dai ring dwoc xem la phit hop v6i muc tiéu dé tai vi phuong thirc ndy c6 muc do truyen dong
chinh x4c chap nhan dugc véi gia thanh linh kién phu hop trong dan dung. Str dung dong co bude tao chuyén dong cho
ca hé truc may dam béo tinh 6n dinh, manh mé va c6 thé hoat dong trong thoi gian dai. Két qua xdy dung khung may

duqé trinh bay trong 0 va 0.

(b)

Hinh 3. Truyén dong truc X (a) va truyén dong truc Y (b)

(b)

Hinh 4. Truyén dong truc Z (a) va truyén dong truc Y xoay tron (b)
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B. Thiét ké mach diéu khién
_ 0 trinh bay so d6 khoi cua hé thong bao gom: khdi pguénz khdi xir 1y trung tam, khéi diéu khién va hé thong
truyén thong tin voi may tinh. K&t qua thuc nghi€ém mach di¢u khién duogc trinh bay trong 0.
e Khbi ngudn: Dung ngudn xung 12V-5A cung cap ngudn cho dong co bude, module Laser. Mot mach ha ap
12V-5V ding cip ngudn cho khdi xir 1y trung tdm va khi didu khién.
e Khbi xtr Iy trung tim: Sir dung board mach Arduino nano [3] dung dé nap firmware diéu khién.
e Khbi diéu khién: Bao gdbm cac mach driver diéu khién dong co budc A4988 [4] va mach diéu khién cuong do
module Laser (thong qua xung PWM cua board Arduino).
e  Giita khdi may tinh va khdi xtr 1y trung tim ¢ 2 phuwong phép giao tiép: két ndi bang cap USB hodc khong
day thong qua bluetooth.
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Hinh 5. So db khéi hé théng
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Hinh 6. Thiét k& mach in (a) va mach mé phong 3D (b)
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C. Mé hinh diéu khién

Céc cong doan diéu khién va van hanh cua hé théng dwoc thé hién nhu 0

Module
4|_’ Laser
Hinh anh Phin mém Phin mém Vi diéu
giacong [ *| xiklyanh [® xufit G-Code [  Khién
| Mach Driver
dong co bwdc

Hinh 7. M6 hinh diéu khién hé théng

III. TOI UU FIRMWARE

Firmware duoc sir dung dé diéu khién hé théng 1a Grbl [5], mot firmware ma ngudn md hiéu sudt cao dung dé
diéu khién chuyén dong cua cac loai may chinh x4c va thuong duge sir dung trén board mach arduino. Hién nay phan
16n cac may in 3D st dung Grbl va ngay cang dugc tmg dung rong rii trong cac loai may chinh xac khac nhu may khéc
laser, may mo phong chit viét, may CNC. Véi dic tinh mé va d& sir dung cing v6i yéu cdu phan cting don gian, Grbl
dugc dung ngay cang nhiéu trong cac duy 4n start up cung linh vuec.

Céc chtrc nang chinh cua firmware nay la:

e Xir Iy G-Code va diéu khién dong co bude.

e Diéu khién cudng do laser.

e Hbi dap cac thong sb trong qua trinh van hanh.

Grbl 1a mot firmware ma nguén mé tuy nhién tiy theo chirc ning va cu trac may ma ngudi 1ap trinh can diéu
chinh céc thong s6 sao cho tdi wu, tir d6 dat duoc do chinh xéac va tbe do nhu mong mudn. Dé ¢ thé didu chinh duoc
cac thong s6 nay ta tién hanh nap firmware vao vi diéu khién, két néi vi diéu khién véi may tinh va dung mot phan
mém diéu khién chuyén dung cho firmware dé thiét 1ap két ndi. Trong d& tai nay nhom nghién ctru sir dung phan mém
Grbl controller véi giao dién nhu 0.

Trong d6 céc thong sé can diéu chinh bao gdm:

~$lOO; $101; $102 - [X, Y, Z] steps/mm (steps_per_mm): s6 bude cua dong co trong Gmg véi 1mm dich chuyén
cuia moi truc X, Y, Z. B¢ tinh toan thong s nay ta can biét:

e Do doi trén mot vong quay ciia dong co bude(mm_per rev) phu thudc vao chu vi truc ring duoc gin va do
day cua day dai.

e Tong s6 budc trén mot vong cua dong co (steps_per revolution). Can tra Datasheet cua dong co sir dung dé
xac dinh thong s nay (nhung thong thuong 1a 200).

e Sb vi bude (microsteps) dugc thiét lap trén mach Driver A4988 (thuong cé cac lya chon 1, 2, 4, 8, 16). pé
dong co hoat dong chinh xac va ém ai hon nén thiét 1ap s6 vi bude 1a 16.
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Hinh 8. Giao dién phan mém GRBL controller
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B " Grbl Controller 3.3.1
File Tools Help

Port name COM10

Baud Rate 115200
Close [ Reset

Last State: Idle
Send File

Choose file Begin Stop
File progress 0%

Queued Commands 0

Runtime:

Command | $100=100] v

$6=0 (probe pin invert, bool) "~
§10=3 (status report mask:00000011)
$11=100.000 (junction deviation, mm)

Hinh 9. Thay déi théng s6 Firmware
Sau khi x4c dinh cac thong sb trén ta c6 thé tinh cac thong s6 $100; $101; $102 nhu sau:
steps _ per _revolution * microsteps

steps_per_mm = =1 = (1)
mm _per _rev

$110, $111 ,$112 - [X.Y.Z] Max rate, mm/min: thlet 1ap toc do cuc dai m01 truc ¢6 thé di chuyén. M01 khi hoat
dong, dong co s€ tang dan toc d6 theo mot thong s6 gia toc (s& duoc dé cap tiép theo) dé dat duoc vén tc tbi da. Dé
xéc dinh ta ting dan thong sd nay rdi cho may hoat dong, dén khi dong co hoat dong véi tiéng on 16n hon binh thudng
thi tirc 14 toc d6 gidi han da t6i ngudng. Ta nén dat gia tri nay thip hon 10-20% gié trj téi ngudng dé bao vé dong co.

$120, $121, $122 — [X,Y,Z] Acceleratlon mm/sec?: thlet 1ap gia toe di chuyen cua cac truc. Thong s6 nay can
dugc xdc dinh sao cho phu hop voi tbc do cuc dai cua truc, neu gia téc qua thip thi dong co kho c6 thé dat dwoc van
tde cuc dai, nguoc lai néu dé gia tde qua 16n dong co cod thé mét budc khi hoat dong.

) 11$ Junction deviation, mm: thiét 1ap gié tri gia tég cua tryc khi di chuyén qua cac goc canh, cac diém ndi cua
doi tuong gia cong. Trong qua trinh lam viée thyc € c6 thé diéu chinh gia tri nay cho phu hop, gia tri nay cang cao toc
do gia cong cang nhanh nhung c6 thé xay ra sai 1éch v¢ kich thudc va nguoc lai.

Vi du vé cach thay doi cac théng s6 nay duge mé ta nhu 0.
IV. G-CODE
Khong phd bién nhu ngdn ngit 1ap trinh C, Java, PHP... nhung G-code [6] hay ngdn ngit 18p trinh G lai 1a cbt
161 trong tw dong hoda. V€ co ban G-code 1a mot ngdn ngir 1dp trinh ma thong qua do6 co thé diéu khién cac thiét bi tu
dong hoa di chuyén theo 16 trinh, ting giam toc d9, tat mo cdc thi€t bi ...ma pho bién nhat 1a ing dung trong cac may
CNC. Do ¢6 chung co cau hoat dong v6i may CNC nén nhom nghién ciru quyét dinh sir dung ngdn ngir 1ap trinh nay
dé diéu khien may gia cong Laser.

Xét cdu tric co ban mot file G-code bao gdm cac nhom 1énh chinh sau day:

Y
2_@ 2}_ Center
RN zfé///
AT HE

1 2 3 1 2 3

—_

Center
(a) (b)

Hinh 10. Dich chuyén qua goc: (a) theo chiéu thuan, (b) theo chiéu nghich
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e Nhém lénh G (Geometric F unction) quy dinh sy dich chuyén, ché d6 lam viéc ciia may. Nhom nay dugc ma
hoa tir GOO cho dén G99, mdi 1énh ¢6 chirc nang va ché d¢ riéng. Cac lenh G thuong duogc st dung nhu:

- GO0 - 1énh dich chuyén nhanh: dich chuyén nhanh giita cic viing can gia cong vai toe do toi da ma may co
thé dap ung.

- GO01 - Iénh dich chuyén v6i tham sb tde do: dich chuyén théng bi rang budc bdi tham s6 tdc do kém theo
thudng dung trong qua trinh gia cong.

- GO02: dich chuyén qua goc theo chiéu thuan - 0 (a).

- GO03: dich chuyén qua goc theo chiéu nghich - 0 (b).

e Nhém I¢nh M: quy dinh cac chirc ning phy nhu bit dau, dimg, tit md cac chirc nang khac nhu didu khién
Laser, tit m¢ may phay... Nhom nay duoc ma héa tir MOO cho dén M99, mdi 1énh c6 chirc ning riéng. Trong
dé tai nay chi sir dung 1énh M03 (m¢ Laser), MOS5 (tat laser), M02 (két thuc chuong trinh)

e Nhém Iénh tham sb: dit sau hai nhom 1énh chinh trén dé quy dinh khoang cach can di chuyén, diéu khién
cuong do laser... Mot s6 tham sb thuong gip:

- XY, Z: toa d6 theo cac truc.

- 1, J, K: toa d6 tam cung tron theo cac truc X, Y, Z tuong Ung.

F: téc d6 dich chuyén twong tmg cua tryc.

- S:cuong do cua tia Laser.

Vi du véi doan G-code sau day s€ cho két qua hién thi nhu 0.

G990

Gz21

GO X49.8897 Y25

MO3

G1lF600.000000

G02 X42.5997 Y7.4003 1-24.8897 J-0.
G02 X25. Y0.1103 I-17.5997 J17.5997
G02 X7.4003 Y7.4003 I0. J24.8897

G02 X0.1103 Y25. I17.5997 J17.5997
G02 X7.4003 Y42.5997 124.8897 J0.
G02 X25. Y49.8897 1I17.5997 J-17.5997
G02 X42.5997 Y42.5997 I-0. J-24.8897
G02 X49.8897 Y25. I-17.5997 J-17.5997
Gl X49.8897 Y25.

MO5
GO X0.000 Y0.000
MO5
MO02
Axis Control Visualizer Advanced
49.8897 mm (Width-}: 49.8897 Height-Y: 49.8897)
0 0 49.8897
T
]
Zero Position Go Home

Hinh 11. Két qua hién thi trén GRBL controller
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V. THIET KE GIA CONG VA XUAT G-CODE

Dé may van hanh mot cach chinh xac trén dbi tugng can gia cong, viée thiét ké va lap trinh dong vai tro quyét
dinh. Hién nay c6 nhiéu cach dé thuc hién cong viéc ndy tuy nhién cach don gian va chinh x4c nhit 1a st dung mot
phin mém xir Iy dbi twong Vector sau d6 trich xuét G-code. Trong dé tai nay nhom nghién ctru lya chon phin mém
Inkscape [7] — mot phan mém xir 1y dd hoa vector md ngudn md manh mé& véi cac tinh nang nbi troi nhu:

e Quan li ban v& theo cac 16p va cho phép chuyén giita cac 16p mot cach linh hoat.

e Chirc nang nhan ban d6i trong (clone) cho phép sao chép cac ddi twong thanh cac hoa tiét véi sé lugng 16n.

e Nhan dién hinh: chuyén dbi tir anh bitmap ra cac duong nét.

e HJ tro xtr 1y va xuét file v6i nhidu dinh dang anh, dic biét 1a G-Code.

e Kho cong cu hd trg 16n (do nguoi st dung chia sé).

Tuy nhién khi can trich xuit G-code ta can thém céc bd mé rong vao Inkscape, bén canh do6 tuy vao cach thirc
hoat dong gia cong khac nhau ma ta lai cdn mét bd mé rong sao cho phit hop. Trong d& tai ndy, may gia cong Laser co
hai cach thirc hoat dong 1a khéc (etching) va cit (cutting).

e Khic: chuyén doi d6i tugng thiét ké thanh timg hang ngang, cac hang nay dugc tao ra dya trén thong tin muc
xam cua déi tugng (grayscale). Khi tién hanh gia cong Laser s& d6t chay 1an lugt cac hang nay tao phan chim
trén vat liéu.

e Cit: chuyén d6i ddi twong thiét ké thanh cac toa do vector theo thudt toan nhan dién duong bién cia ddi
tuong. Khi tién hanh gia cong Laser s& cit dudng bién trén vat liéu.

Sau khi di hoan thanh thiét ké va xudt G-code ta bit dau két ndi may tinh d&én vi xir 1y, chon dudng dan file da
lru va tién hanh gia cong. Trong qué trinh thyc hién ta c6 thé dimg qua trinh gia cong khi can thiét tuy nhién do dong
co bude khong co hdi tiép nén khong thé tiép tuc tién trinh tai diém dimg ma phai bat dau lai tir truc toa do.

VI. KET QUA
Nhoém nghién ctru da thyc hién thanh cong may gia cong Laser da ndng véi céc tinh nang sau:

o Cit gidy.

e V& hinh, md phong chir viét tay.

e Khic trén mat phéng 1én céac vat liéu: da, mica, gd,...

e Khéc trén vt thé tron: qua dua héu, xo4i,....

e Viéc truyén 1énh cho may c6 thé thyuc hién khong diy qua bluetooth.

0 trinh bay may gia cong Laser thuc té va 0 1a cac san pham dugc thyc hién tir may.
Mot s6 huéng phat trién cua dé tai:
e B6 sung thém mét sb tinh nang nhu phay, in 3D

e Diéu khién thong qua internet.
e Xuit G-code béng cach nhan dién hinh anh.

Hinh 12. Hinh anh thuc t& ciia may
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(b) Khic vi da

(c) Khéc trén vat thé tron (dwa héu) (d) M6 phong chir viét tay

Hinh 13. Mét s6 san pham duoc tao tir may gia cong Laser
VII. KET LUAN VA LOI CAM ON

Bai viét da trinh bay viéc thiét ké va thi cong may gia cong Laser da ning sir dung vi xir Iy Arduino nano két
hop véi cac phan mém hd trg va diéu khién tir may tinh. May c6 d0 chinh xac kha cao voi gia thanh hop ly (khoang 5
triéu dong) phu hop véi ngudi ding phd thong. Tuy nhién may Van con mot s& han ché vé toc d9, cong suét lam viec
va hoat dong con phy thudc vao may tinh. Nhom nghién ctru sé tlep tuc hoan thién dé may co thé ung dung nhiéu trong
doi séng.

Cam on khoa Dién dién tir - Truong Pai hoc Cong nghé Sai Gon da tai tro kinh phi dé chung toi thyuc hién dé tai
nay. San pham da dat huy chuong vang hang muc “Sang tao tng dung” tai Lién hoan Tudi tré sing tao Thanh phd Ho
Chi Minh 14n 7 nim 2016.
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MULTIFUNCTION LASER PRECISION MACHINING MACHINE
Dao Duy Liem, Nguyen Le Anh Ha, Nguyen Quoc Nguyen

ABSTRACT: This paper presents the design and construction of the multifunction laser precision machining machine which can
cut, etched onto a variety of materials, etched onto circular objects, simulate handwriting and drawing. This machine uses the
Arduino nano microcontroller, stepper motor, 2W semiconductor laser. The whole system is controlled by computer software.
Through a preliminary assessment, the machine works pretty accurate with deviations of <0.1mm, work stable for long periods and
relatively low cost complete (about 5 million VND) makes the machine easy reach ordinary users.

Keyword: Arduino, CNC, GRBL, Laser.
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