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ABSTRACT

Small scale mechanical manufacture becomes the popular trend in the world
nowadays. Small size CNC systems including lathe, mill, 3D printer and
laser cutting machine are popular and widely developed. Ordinarily, these
machines on the market are single-function even though they have similar
kinetic structures. This paper proposes the idea of multifunction mini CNC
machine for reducing the cost of machinery. It helps transform a design into
a real product easier and faster. Also, more people such as technical
students, designers, researcher can approach and utilize this effective tool in
their work. This paper illustrates a design of mini CNC with interchangeable
tool modules including mill, 3D printing and laser cutting. The design is
based on mechanical materials, electronic components and manufacturing
technics available in Viet Nam; CNC controller softwares are free.

TOM TAT

San xudt, ché tao co khi quy mé nhé dang tré thanh xu hwéng cua thé gidi.
Céac may gia cong phuc vu cho muc dich ndy nhw may phay, tién CNC mini,
may in 3D, may cdt laser... dwoc wa chugng va phat trién nhiéu hon. Nhiing
logi may nay trén thi truong c6 nhitng tinh nang riéng biét mac du ching cé
chung két cdu déng hoc. Y nreng thiét ké mgt may CNC mini tich hop nhiéu
tinh ndng gia céng gitip giam chi phi mua sém nhiéu mdy mée dwoc dé xudt
trong bai bao nay. N6 khién viéc bién y nrong thiét ké thanh san pham tré
nén dé dang va nhanh chéng hon; nhiéu nguoi c6 thé tiép can va sir dung
may CNC trong cdng viéc Ciia minh nhu sinh vién kj thugt, nha thiét ké, nha
nghién cizu... Bai bao mo ta thiét ké may CNC mini véi module gia céng cé
thé thay d@si bao gom phay, in 3d va cdt laser. Thiét ké dua trén vt liéu co
khi, mach dién tir va cong nghé gia cong sdn cé trong nwdc; cac phan mém
si dung diéu khién may CNC I1a mién phi.

1. GIOI THIEU

Theo Yung C. Shin, Henry Chin va Michael J.
Brink (1991) may CNC ra doi giup cai thién nang
Suit san xuat céng nghiép, nang cao do6 chinh xac,
chat lwong san pham. Nganh gia céng cat got kim
loai 12 mot vi du rd rét nhat huong loi tir cong

nghé nay. Theo Heisel va M Gringel (1999) may
tién CNC c6 thé hoat dong 24/7 vai d6 chinh xéac
va ning suit cao nhit thay vi doi hoi mot tho tién
c6 tay nghé va kinh nghiém chi lam viéc 8
gio/ngay nhu phuong phap san xuét truyén thong.
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Trong hé thong CNC, céc chi tiét co khi duoc
thiét ké trén cac phan mém may tinh chuyén dung,
goi chung 1a (CAD). Sau d6 ban thiét ké chuyén
sang phan mém hd tro gia cong, tinh toan nguyén
cong, quy dao chuyén dong cua diu cong tac, quy
trinh cong nghé...(CAM). Phan mém s& xuét ra
file G-code cho tung nguyén cbng véi may gia
cdng cu thé nhu: Cua, phay, tién, in 3D hay cit
laser...

Céc méay CNC cao cap thuong tich hop da chirc
ning c6 thé gia cdng nhitng chi tiét phuc tap trong
mot lan ga phoi. Piéu ndy gilp giam nhiing sai
s6t, thoi gian va chi phi san xuét.

Méay CNC hién dai duogc thiét ké & quy md cong
nghiép vai nhiéu tinh ning tich hop c6 gia thanh
rat cao. Tuy nhién, sy ra doi cua nhitng phuong
thirc san xuit méi, quy md nho, chi tiét san pham
nhé, yéu ciu tiéu chuan vira phai thi nhiing thé hé
may nay thuong khong hiéu qua trong dau tu khai
thac str dung. Theo M Kumar va V Puttige (2014)
va Sundar Pandian va S. Raj (2013) nhu cau vé
thé hé may CNC mini la tit yéu véi hang loat
nhitng loi ich c6 thé mang lai nhu gia thanh re,
tiét kiém khong gian va ning luong tiéu thu.
Nhing nguoi khong chuyén nhu kién tric su, nha
thiét ké... ciing c6 thé so hitu may CNC phuc vu
cho cdng viéc véi chi phi dau tu thip. Ché tao
may CNC kich thudc nhé cling don gian hon bai
nhitng yéu td nhu d6 rung hay tiéng on ciing tac
déng it hon trong qua trinh van hanh; vat liéu hay

Dz\/(XB_XA)2+(yB_yA)2+(ZB_ZA)2 (l)

Imoaano

kiéu dang ciing trd nén linh hoat hon. Bén canh
d6, cac phan mém va mach dién tu didu khién
ciing duoc chia sé rong khap trong cong dong
cling gbp phan khién viéc ché tao mot chiéc may
CNC mini trg nén dé dang hon bao gio hét.

Cac may CNC mini nhu cat laser, in 3D, phay c6
chung két cu dong hoc va c6 thé dung chung cac
phan mém diéu khién. Khéc biét duy nhit 1a dau
cdng tac cho tirng nhiém vu gia céng. Viéc tich
hop 3 tinh nang trong mot may gidp giam dang ké
chi phi dau tu. Bai bao trinh bay y twéng module
hoa cac dau cong tac dé c6 thé thao lap dé dang
cho timng yéu cau gia cong. Bén canh do, tac gia
trinh bay Iy thuyét noi suy may CNC Phan 2, thiét
ké co khi chi tiét cia may CNC da tinh ning Phan
3, hé théng dién Phan 4 va phan mém diéu khién
Phan 5, két qua Phan 6.

2. PONG HQC MAY CNC

Bai toan dong hoc cia may CNC la cac phuong
phép noi suy quy dao coéng tac, trong do ndi suy
duong thang va noi suy duong tron 1a 2 bai toan
co ban nhit tao nén tat ca quy dao chuyén dong tu
dong cua may.

2.1 Ngi suy dwong thiang

Theo hinh 1, chuyén dong tir diém A dén B duogc
thuc hién bang cach di chuyén theo quy dao thang
véi van tdc V. Khoang cach giira 2 diém la D c6
gia tri:

Hinh 1. Quy dao chay dao véi phdi (trai) va phwong phap ndi suy dwong thing (phai)

Thoi gian ngi suy khi dao di chuyén tir 4 dén B, biét khodng céach D va vdn téc V: T = DIV



AGU International Journal of Sciences — 2020, Vol. 24 (1), 96 — 107

Chuyén dong duoc thuc hién bang cach phdi hop
chuyén dong cua 3 truc toa do X, vy, z tic thoi cua
dau cong tac, dugc md ta bang hé phuong trinh
theo thoi gian nhu sau:

_ h B Xt — X1
X(t) = x, +det = XAIfdt
0 0

t t
Yo — Y- )
YO =y, + [ ydt =y, [ == dt
0

0

t t 7. —7
2(t) =z, + | zdt = z, [ 22D dt
(=2, + [adt =2, [
Néu thoi gian noi suy bi chia thanh N khoang lay
mau, thoi gian noi suy sé c6 gia tri Dt=T/N,
phuong trinh toa d6 dao sé& c6 dang:

Xg — X
B An

X(t) =x(nDt) =x, +

®)

YO =YD =y, + 20

Zy, —1Z
B An

z()=z(nDt)=2z, +

Véin=1,2...N

Theo d6, quy dao di chuyén cua dao duogc tao
thanh béi nhirng budc nhé hop thanh tir quy dao
cua 3 truc x,y va z hay a. B chinh xac cta phép
noi suy phu thudc vao do Ion cia mdi busc nay.
Budc cang nho thi d6 chinh xac cling nhu d6 phan
giai cang cao. Gia tri cua mdi budc dugc mo ta:

XB_XA|.|yB_yA|.ZB_ZA|
N | N || N

(4)

2.2 Ng@i suy dwong tron

Noi suy quy dao duong tron bang cach phéi hop
bai toan diéu khién diém toi diém cua duong tron
trong phuong trinh thoi gian (duong tron dugc
chia 1am nhiéu diém, quy dao that duoc tao ra
bing ndi cac diém lai voi nhau). Thong sé hinh
hoc dugc md ta boi phuong trinh: Vi tri hién tai
cua dao cong tac (XA, YA va ZA) két hop voi
diém cudi cua cung (XB, YB va ZB) va ban kinh
cua phép ndi suy cung tron R. Gid tri cua R c6 thé
duoc md ta 14 chidu duong hoic am, nén cé 2 giai
phap noi suy: 2 cung ndi suy.

Y

Yal

T
[ P

Yo

Xa X

Hinh 2. Phwong phép néi suy dwong tron (trai) va tinh toan cac thong sé néi suy (phai)

Trong cong thic md ta cung cua duong, toa do
tam: X0, YO dugc dugc dinh nghia bai toa d6
diém dau va diém cudi caa cung va ban kinh. Méi
lién hé dugc mo ta boi hé phuong trinh sau:

2.2.1 Theo chiéu dirong ciia ban kinh R:

=%, +R7 - (D27 e

Yo = Y + 4[R2 — (DI 2)? %

2.2.2 Theo chiéu am cza ban kinh R:

®)

X, = X, —\JR?—(D/ 2y L2—Ye
D
Yo = Yo —[R — (DI 2)° %

V6i X, va Yy, la trung diém cta doan thang néi
AvaB:

(6)

Xg —Xa. _yB_yA
" 2 Y 2

D la khoang cach ngin nhit gitra 2 diém A, B:

()
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D=0 %) +(Ys—-ys) ()

Bén kinh cua dudng cong néi suy duoc lay gia tri
tuyét d6i. Theo hinh phuong trinh tham sé cung
la:

X=X,+Rcosj ;y=y,+Rsinj (9)

Vi :@t, ta co:
T

X=X+ R(%t); y=Y,+ R(%t) (10)

3. THIET KE CO KHi

Maiy CNC da niang duoc thiét ké nang cip may
CNC 3 tryc co ban hinh 3 véi tim gé tool c6 thé
linh hoat ga ldp cac dau cong tac khac nhau bao
gom spindle chay dao phay, dau in 3D va dau cit
laser, hinh 4. Chi tiét g4 duoc thiét ké riéng cho
timg dau cong tac bang nhém, gia céng phay
CNC.

(@)

(b)

(©)

Hinh 4.(a) gd spindle, (b) gd dau in 3D, (c) gd dau cit laser.

Khung may str dung nhém tam. Uu diém cua lya
chon nay la gia thanh vat liéu ré, sin co, gia cong
va lip ghép don gian va d6 ciing vitng di cho may
nho. Kich thuéc may trong thiét ké Ia
60x60x40cm, pham vi hoat dong 40x35x20cm.

Céc chi tiét co khi thuong dung cho ché tao may
CNC mini dugc sir dung trong thiét ké nhu vit me

99

bi, con trugt bi, 6 bi, khép mém; nham dam bao
d6 chinh xac va lam viéc lau dai cta may. Bong
co truyén dong 1a dong co budc, phi hop vai thiét
ké may nho vi n6 c6 gia thanh re, dé diéu khién,
d¢ chinh xéc cao, bang 1.
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Bdng 1. Chi tiét co khi mdy CNC

Vit me dwoc ché tao Vi dé chinh xdc co khi cao va chiu tdi trong lom ciing nhu
ma sat ngi nhé nhat.

Co cdu co khi dé bién doi chuyén dong quay sang tinh tién vdi ti sé truyen xac
dinh va ma sat nhé. Cdc ranh vit duwoc thiét ké dé bi trén con chay lin trén theo
1 vong tuan hoan kin nham logi bé ma sdt trieot trong cor cau nay.

Hinh 6. O bi

Trong may CNC 6 bi duwoc d& 2 dau céc truc vit me bi.

O bi la chi tiét may rat phé bién dé giam ma sat trong cac chuyén déng quay va
chiu tai trong géy ra trén truc.

S el
=

Hinh 7. Khép mém

Khép mém néi truc déng co va truc vit me bi trong may CNC

Khép mém 1a chi tiér dé noi 2 truc va truyén chuyén déng quay. Khép mém véi
dém cao su dan hoi ¢ giira c6 tc dung chong gidt va hiéu chinh it nhiéu sy sai
so dong truc trong thi cong co khi.

((/

Hinh 8. Chi ti¢t thanh
trieot va con truot

Con trueot bi sé chju tdi trong cua chuyén déng tinh tién mai truc.

Thanh triegt duwoc ché tao bang thép cé dp cumg lon, tuyér doi thang va cé do
bong bé mdt cao. Con truot bi duwoc thiét ké dong b véi thanh trirot, chuyén
déng tinh tién véi ma sat nhé nhdt va dé ro it nhat bang cach logi bé ma sat
trieot béi sir chuyén dong lan cua bi.

Hinh 9. Dong co buoc

Loai dong co buéc pho bién dirgc dung 12 logi 2 pha véi méi buée 1.8 dj, Véi
cdng sudt c6 thé dat téi 19kg/cm va 2.5A.

Pong co bude la ddng co khong chéi than, dong bg, nd chuyén dai tin hiéu
xung thanh chuyén déng quay trén truc déng co véi nhitng buede déu nhau. Vi
tri hay vdn téc mong muén cua truc dong co dwoc tinh toan chinh xac bai tan
S6 ciing nhir thit t cudn ddy dwoC Cdp xung, né ciing cé thé dwoc diéu khién
gid vi tri véi momen Ién ma khéng can dén tin hiéu phan hoi.

Ban may 14 nhém dinh hinh véi cac rinh dé gé lap phdi cho nguyén cong phay, c6 thé gan thém ban nhiét
khi in 3D hozc théo roi ra cho nguyén cong cat laser, hinh 10.

Hinh 10. Ban may cho nguyén cong phay (trai) va gdn thém ban Hinh 11. Két cdu co khi truc A véi mam cgp
nhigt khi in 3D (phai)
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Ngoai ra, may c6 thé nang cap thanh méy phay 4
truc véi viéc thém 1 truc quay A duoc ga trén ban
phdi song song véi truc X hozc Y. Nhitng chi tiét
doi hoi chuyén dong quay khi gia cong, phdi s&
duoc kep 1én ban ga gan vai truc A bang man kep
nhu trén may tién, hinh 11.

4. HE THONG DIEN VA PIEU KHIEN

May tinh (PC) diéu khién truc tiép chuyén dong
cua may bang phan mém chuyén dung MACH3

POWER
SUPPLY

DRIVE
H-AXIS

qua truyén thong LPT dén mach CNC BOB.
Mach thu tin hiéu quy dao chuyén dong caa mdi
truc (vi tri va van téc), xir ly va xuat xung dén
ting bo driver diéu khién dong co chuyén dong
cua tung truc, hinh 12.

Cac may CNC mini dung dong co budc cong suét
nho. So Véi cac co cau diéu khién vong kin nhu
servo cé gia thanh cao thi day la su lya chon phu
hop.

STEPPER
MOTOR

MACHINE
CONTROL
SOFTWARE

CNC BOB

DRIVE STEPFER
- eAXIE MOTOR

MACH3

DRIVE
Z-AXIS

-

STEPPER
MOTOR

-

semiaL] _ |

DRIVE
BeAKIS

WORKSTATION /HOST
COMPUTER $YSTEM

3 -
L
1
H

__..I

|_|

STEPPER
MOTOR

-

JuirarT s
XTI

a

HIS

Hinh 12. So' d6 céu tric hé théng dién va diéu khién.

4.1 Driver dpng co buoc

Driver dong co budc pho bién 1a M6600 hinh 13 sir dung IC Driver TB6600HQ/HG Toshiba c6 d¢ tin

cdy cao, tan nhiét tét va hoat dong 6n dinh.
- C6 dai ngudn dau vao tir 12 dén 40V

- C6 thé chon do phan giai 1/1 dén 1/16 budc

Hinh 13. Driver M6600 diéu khién dgng co buéc

I EEX
11

b

Hinh 14. Mach CNC BOB MACH3 LPT
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4.3 Mach CNC BOB MACH3 LPT

Mach véi cong giao tiép song song LPT cua may
tinh d& nhan Iénh tir phan mém MACH3 va diéu
khién cac co cAu chap hanh nhu xuat xung diéu
khién dong co, kich relay bom nudc giai nhiét,
doc cdng tic hanh trinh méy hay xuit xung PWM
diéu khién Spindle, bo dun nhya in 3D va cudng
d6 dau cét laser.

Mach BOB hinh 14 dugc thiét ké hd tro didu
khién 5 truc. Tat ca cac cong diéu khién dau ra
déu duoc cach ly opto va mach dém dé cho tin
hiéu 6n dinh nhit. So voi mot sé mach truyén
thdng USB mai phat trién thi LPT van c6 nhiéu

Hinh 15. Spindle 3 phase vdi bién tdn diédu khién

Spindle DC thi ngugc lai nhung phu hgp véi nhu
cau may nho cho nhitng muc dich gia cong vat
lieu mém, mong nhu gd hay phip, hinh 16.

4.4 P4auin 3D

Hinh 17. Module ddu in 3D

102

vu diém hon vé gia thanh va toc do truyén tin
hiéu.
4.4 Spindle

Spindle mang dao cit (phay) duoc diéu khién theo
quy dao gia cong dé cat got phdi tao ra san pham
gia cong. TUy vao cdng suat va muc tiéu thiét ké
méy c6 thé chon Spindle 12 motor 3 phase hay DC
V6i driver diéu khién twong ng. Trong thiét ké
nay tac gia chon spindle 3 phase cong suat 800w.
Spindle 3 pha cho dai cong suét Ién, giai nhiét
bang nudc (cin phai trang bj thém 1 may bom) do
bén cao nhung gia thanh dat. Viéc cai dat bién tan
thi theo huéng dan cua nha san xuét, hinh 15.

Hinh 16. Spindle DC va driver

Module in 3D hinh 17 bao gdm dau phun nhya
dugc gia nhiét va motor dun nhya. Motor dun
nhya dugc diéu khién bing mach BOB. Mach
cdng suat cho khau gia nhiét duoc chon Ia mach
IRF 520, cdng suat ~100W, hinh 18.

Hinh 17. Module gia nhigt
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4.5 Pdu cit laser
Dau phong laser diod 10W di kém véi mach cong suat c6 thé diéu chinh cuong d laser, hinh 18.

Hinh 18. Laser diod va driver

5. PHAM MEM

C6 3 khau chinh ciing 1a 3 phén mém chinh dugc si dung trong van hanh may CNC mini, dugc m0 ta &
hinh 19.

CAD/Drawing Software
Create the parts to be machined

¢

CAM Software
Convert the part file to G-code

v

CNC Control Software

Turns the G-cede file into motion-
usually by controlling the parallel port

Hinh 19. Cac phdn mém phuc vie may CNC
5.1 Pham mém thiét ké

Goi chung 1a CAD, cac phian mém Pro Enginer, Solid work hay Inventer dwoc ding dé tao ra cac thiét ké
3D hay 2D phuc vu cho muyc dich gia cong. Hodc ngudi ta c6 thé ding cac phan mém va may quét 3D
chuyén dung dé tai tao san pham that thanh dit liéu 3D.
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Hinh 20. Phdn mém Solidwork duing thiét ké va tao file gia cong cho phan mém CAM

5.2 Phdn mém tao quy dao chay dao chuyén dbi thanh dinh dang gia cong sau khi da

Goi chung I3 phin mém CAM, nhu cdc phin mém  Chon kich thudc dao, téc do cat, kiéu gia cong.
MasterCAM, ArtCAM hoic duoc tich hop sin Pau ra cua phan mém nay la di liéu quy dao bao
trong cac phin mém CAD. File thiét ké CAD ~ 99m Vi tri, toc do dao phuc vu cho gia cong san

thuong dugc luu & dinh dang file STL s& dugc ~ Pham (ma G-code).

ok Machine Relief | BT =101 %)
fse@a@|mO =[Sl | v o | s
LItis | for -
: tools which do not sunno‘:lbvue'umcal | e = =19
plunging al all. ‘ 0/ PR QY E| A E[MedmDeal ¥ ||
Ced matertal Sewp... |
0.75 inches i

The thickness and origin of the
matenialyou are culting from are
shown abave (ifthe material is
undefined click the button above ta
define tha mateial block). The
graphic indicales Lhe arigin posilion
for the material (either Z Zero on top
surface of matanal, or Z Zaro atihe
botlom face of the matarial).

%‘:{ Name: poralleltooipaths

Click Now 1o calculale the defined
foolpalh immediately. fyou click
Later, the foolpath danniion will ba
stored for calculation Ister. Slored
1oolpaths will be showm in a different
colour in the Toolpath List. Theycan
be calcylated at any ima
individually, or as partof a baich
using Datch Calculate Toolpaths.

Calculate: | “.il:

Project _ Assistent | Tookaths | T

Hinh 21. Phdn mém Artcam, tao quy dao chuyén déng cho déu cong tac, xudt file G-code cho Mach 3

5.3 Phdn mém diéu khién may CNC
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Phan mém MACHS3 thiét lap cac thdng sb may nhu van téc, gia toc, toa do diém dau cia may, giam sét
va diéu khién bang tay tryc tiép. Tur file G-code tao ra boi pham mém CAM, né gii tryc tiép dir liu qua

cong LPT dén mach BOB dé diéu khién dong co.

144
GO0 400

L0 11 DBLE- 0

e G 0 ¥ 08 G T
- T O 2400 B

i 0 7048 JEAE -2 BOEF CIT00
KT arsy 08 i

Ll C R

+0.0000

+0.0000

| Pacwee: (0000000 | Borwe o0 | Erare:

Hinh 22. Phdn mém Mach 3 véi gia dién diéu khién va giam sat

6. KET QUA

May CNC hinh 23 sau khi thi cong dugc chay thur
nghiém va danh gia v6i nhitng diéu kién khac
nhau, tap trung cha yéu vao nhitng tiéu chi nhu do
phiang bé mit gia cong (phay), d6 chinh xé&c khi
chay bién dang vudng, tron. Panh gia cho thay
san pham dat d6 chinh xac cao khi chay véi cac
quy dao khac nhau nhu diém toi diém, doan thang
theo cac truc x, y, z. Phuong phap st dung thuéc
¢6 d6 chinh xac dén 0.01 mm va mdi phép do

105

thuc hién 3 1an. Sai s6 gita cac lan thir nghiém tdi
da vao khoang 0.08 mm.

Khung co khi duoc gia cdng khoan, taro, cat bang
may CNC nén dam bao do chinh xac khi lip ghép.
Khung co khi cang viing, lap ghép bang bulong
va cac phu kién chuyén dung cia may CNC mini,
Khéi lugng may 40kg véi kich thuéc 60x60x40
cm khéng rung khi chay véi cac diéu kién gia
cdng khac nhau.
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Hinh 23. May CNC khi gin module phay

Céc bo driver va déng co budc hoat dong tin cay
khi chay vi budc 1/8. Driver giai nhiét tot bang vo
nhém, ¢ bao vé qua dong khi dong co bi ket. Thir
nghiém hoat déng lién tuc trong 15 gio. Nhiét do
v6 dong co 6n dinh & 42 °C va tan nhiét driver &
52 9C khi chay nguyén cong phay nhom do sau

cit 0.5 mm véi tbe d6 cao nhat 150 mm/s. O
nguyén cong in 3D va cét laser, may chay gan nhu
khong tai.

Phan mém Mach 3 diéu khién may CNC voéi céc
tai liéu co san trén mang, dé dang trong viéc thiét
lap céc thong s6 may nhu toc do, gia tdc, 1O. ..

e —

Hinh 24. May gén module phay gia
cbng chi tiét gén trén truc A

Hinh 25. May gén module in 3D

Hinh 26. May gin module cdt laser
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San pham dau tién duoc gia cong trén may CNC
da nidng la cac chi tiét co khi ctia mot robot tu
hanh, véi cac tam soi thay tinh dwoc gia cong
phay va phan khung duoc in 3D bang nhuya ABS
hinh 27.

Hinh 27. Cac phdan mém phuc v may CNC
KET LUAN
May CNC mini la mot cdng cu tuyét voi trong cac
nganh co khi ché tao, thiét ké. Viéc 1am chu ky
thuat ché tao may CNC da nang véi gia thanh ré
khién cho nhiéu nguoi 6 thé tiép can va sir dung.

7.

Bai bao da trinh bay nhitng khau chinh trong viéc
thiét ké va ché tao 1 may CNC véi 3 tinh ning
phay, in 3D va cit laser; dap (ng day du nhu cau
trong viéc ché tao nhiing chi tiét co khi nho, phu
hop véi diéu kién san xuat quy mé nho véi chi phi
dau tu mua sam méay mac thap.

107

TAI LIEU THAM KHAO

Andrei., & |. Nae, "Practical applications
performed by a stepper motor CNC router™,
2010.

Heisel & M Gringel. (1999). Machine Tool
Design  Requirements for High Speed
Machining. Journal of Manufacturing Systems.
6, 78-90.

M Kumar & V Puttige (2014). Low cost
automation for CNC machining center.
IJMET, 3, 156-170.

P.A. Sherring da Rocha Jr., R.D.S. Souza, &
M.Emilia de Lima Tostes, "Prototype CNC
machine design”, 2012.

Sundar Pandian & S. Raj. (2013). A low cost
build your own three axis cnc mill prototype.
IJMET. 45-60.

Wu, C. L., Haboush, R. K., Lymburner, D. R., and
Smith, G. H., “Closed-Loop Machining
Control for Cylindrical Turning” Modeling,
Sensing, and Control of Manufacturing
Systems, PED Vol. 23, ASME, 1986, 189-204.

Xu, Y. Li, J. Sun & S. Wang, "Research and
development of open CNC system based on
PC and motion controller”, 2012

Yung C. Shin, Henry Chin, & Michael J. Brink.
(1991). Characterization of CNC machining
centers. Journal of Manufacturing Systems.
(13)1, 169-178.



