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TOM TAT

Thiét ké& va ché tao mé hinh may phay CNC 3 truc dwoc thwe hién dwa trén nghién ctru ly thuyét va thuc
nghiém. M6 hinh may dwoc ting dung chi yéu dé& phuc vu trong cong tac dao tao va nghién ctru khoa hoc. Khi st
dung mé hinh nay cé thé gia cong ché tao dwoc nhidu dang chi tiét nhd vao viéc str dung phan mém Mach 3 trén
may tinh dé& diéu khién va mé phéng. S dung phan mém ky thuat dwa ra dwoc cac ban vé thiét ké chi tiét may va
mé hinh téng thé ctia may, sau dé tién hanh ché tao cac chi tiét va 1&p rap chung lai thanh mé hinh may hoan chinh.

T khoa: May phay CNC 3 truc, phdn mém Mach 3, diéu khién sb, ché tao, lap rap.
Design and Manufacture of Model for 3-Axis CNC Mini Milling Machine

ABSTRACT

The design and manufacture for a model of a 3-axis CNC milling machine were made based on theoretical and
empirical research. The machine model is used mainly in the training and scientific research. Using this model, it is
possible to fabricate many kinds of details by using MACH3 software on the computer for control and simulation. The
technical software is used to produce detailed design drawings and overall model of the machine, followed by
fabricating the parts and assembling them into a complete machine model.

Keywords: 3 Axis CNC milling machine, Mach 3 software, fabrication, assembly.

1. DAT VA,N Df] cong. O nuéc ta, cac may CNC (Computer

. ’ Numerical Control) dang dudc st dung rat phd
Ngay nay, trong hau hét cac linh vyc sén bién trong san xuit, trong dao tao va nghién
ctiu khoa hoc. Trén thuc té&, caic may CNC dang
st dung thuong do Dai Loan, Trung Qudc, Nhat,
Diic san xudt, c6 phan diéu khién mua cta cac
hang néi tiéng nhu: FANUC, MITSHUBISHI,

nhung gia thanh tucng d6i cao. Do d6, mot s6 co

xuit cong nghiép nhu: 6 t6, xe may, dién ti, thiét
bi y t&, hang khéong, hang tiéu dung, thiét bi cong
nghiép, qua trinh gia céng chu yéu duge thuc
hién tu dong héa va rat linh hoat trong san xuat
nho viéc tng dung may coéng cu diéu khién s6
CNC. Céac thiét bi diéu khién st dung trong may
gia cong CNC cho phép thuc hién cac quy trinh

s6 dao tao tai cac trudng ky thuat, trong doé cé
Khoa Co - Dién, Hoc vién Néng nghiép Viét

gia cong trén cd s6 cac thong s vé kich thuéc va  Nam chua dap tGng duge ddy da trang thist bi dé

hinh dang ctia san pham, dugc chuyén thanh qu§
dao chuyén dong trén khong gian 3 chiéu (Tran
Van Dich, 2007; Phan Htiu Phuc, 2000).

Viéc ap dung CAD/CAM vao viéc thiét ké,
tinh toan két cAu va mé phdng qua trinh gia

phuc vu cho qua trinh dao tao, thuc hanh, thuc
tap cho sinh vién cing nhu phuc vu cho nghién
ctiu khoa hoc. Trén co s§ do, viée tap trung
nghién ctiu dé thiét k&, tinh toan va ché tao mo
hinh may phay CNC 3 truc 1a can thiét.
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2. PHUONG PHAP NGHIEN CUU

2.1. Vat lidu

Mot s6 dang may CNC c6 mét trén thi
truong dang dugc st dung trong moét sé co sd
san xuit 16n nho; phin mém thiét k& cd khi,
phan mém Mach 3 chuyén d6i mét PC tiéu
chuén thanh mét may CNC day du tinh ning;
mét s6 vat lidu st dung dé ché tao chi tiét may
(Tran Vin Dich va cs., 2006), vat liéu dé gia
cong trén mé hinh may la nhém va nhua mica.

2.2. Phuong phap nghién citu
2.2.1. Nghién citu ly thuyét

Nghién ctu téng hgp tai liéu 1y thuyét vé:
thiét ké& chi tiét may, cong nghé ché tao may,
cong nghé 1ap trinh gia cong CNC, cach st dung
phan mém Mach 3

Nghién ctiu 1y thuyét qua trinh gia céng cét
got trén may phay CNC lam co s6 cho viéc tinh
toan, lua chon két ciu, kich thuéc va dam bao
kha ning lam viéc cia may sau khi ché tao va
st dung. Sau khi nghién ctu phuong phap lap
trinh gia céng trén may CNC, tu d6 dua ra dugc
chuong trinh NC ctia mot s6 chi tiét cu thé.

2.2.2. Nghién ctu thuc nghiém

St dung phan mém vé ky thuat 2D, 3D dé
thiét k& cac chi tiét may va thiét ké& toan bd hé
théng mo hinh ctia may phay CNC 3 truc.

Ung dung phin mém Mach 3 dé lap trinh,
diéu khién va mo phéng qua trinh gia cong céc chi
tiét trén man hinh may tinh (http:/forum.
cncprovn.com; http://www.centroidenc.com)

Ché tao cac chi tiét may va toan bd mo hinh
may trén co sé thiét bi hién c6, véi muc dich st
dung m6 hinh nay trong viéc gia céng cac vat
liéu nhu: nhém, nhya mica nham phuc vu cho
qua trinh thuc hanh, thuc tap cta sinh vién co
khi va viéc nghién ctiu cia can by chuyén moén.

3. KET QUA VA THAO LUAN
3.1. Phan tich, lva chon nguyén ly két cau
ctia may phay CNC 3 truc

Qua thu thap théng tin, phan tich, khao sat
cdc mau may phay CNC 3 truc dang c6 trén thi
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trudng ho#c da dude nghién ctu, dé phu hgp véi
yéu cau thiét ké&, ché tao mot mé hinh may phay
CNC 3 truc st dung trong thuc hanh, thi
nghiém da lua chon két cdu may gdém cé cac bo
phan chinh nhu hinh 1, d6 1a: Than may, dé
may, ban may, cum truc chinh, bd phan dan
huéng, bd truyén dong tinh tién, khép néi truc,
hé thong diéu khién,..

D& may 1a phan d6 toan bd cac bd phan cua
may phia trén né, than may duge 14p vao dé&
bing hé théng bu long - dai 6c va la phan d6
cum truc Z, cum truc chinh, dong co truyén
dong truc chinh.

Ban may dé ga dat phoi hoic do ga gia cong
va nho c6 su chuyén dong linh hoat cia ban may
da lam ting kha ning gia céng cho nhiéu dang
chi tiét.

Cum truc chinh dé 14p dung cu gia cong,
chuyén dong quay cua truc chinh sé sinh ra luc
cit phéi trong quéa trinh gia céng. Hé thong
thanh trugt dan huéng c6 nhiém vu dan huéng
cho cac chuyén dong cta ban may theo truc X, Y
va chuyén dong lén xudng theo truc Z.

Bb gruyén vit me - dai 6c bi dung trong
chuyén dong chay dao, bién chuyén dong quay
cla truc vit me thanh chuyén déng tinh tién
va ngudc lai.

Hé diéu khién véi su tham gia ciia may tinh
cho phép thay ddi va hiéu chinh chuong trinh gia
cong chi tiét va chuong trinh hoat dong cua may.

3.2. Co s& tinh toan, lwa chon mach diéu
khién, dong co truc chinh va co ciu truyén
dong cuia may

3.2.1. Lua chon mach diéu khién

Yéu ciu dit ra trong qué trinh thiét ké ché
tao m6 hinh may phay CN3 truc 1a phai giao
tiép duge véi may tinh. Dé diéu khién dong co
budc tai cac truc X, Y, Z ctia may thi can c6
mach nhan tin hiéu tit céng LPT va PIC.

Microstep Driver P441 - Mach diéu khién
dong co buée P441 (Hinh 2) 14 san phdm dudc
ning cdp lén tit san phidm Mach diéu khién
dong co bubéec P440 véi muc dich tdng moment
khdi dong va gitup dong co hoat dong ém hon khi
chay c6 tai. N6 khong chi dudc ting dung trong
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cac may CNC ma con duge tng dung rong rai - V6 nhém 100% tao kha n#ng chéng
trong hé théng day chuyén céng nghiép. nhiéu, chéng va dap.

Tinh ning clia san pham
& P 3.2.2. Tinh toan lua chon déng co truc chinh

M6 hinh may phay CNC 3 truc phai dam
bao mot s6 yéu cau ky thuat nhu lam viéc duge 6

- Dong dién dan cuc dai: 3 A;
- Nguédn dién hoat dong t6i da: 36 V;

- Vibuéc: 1, 1/2, 1/8, 1/16; nhiéu ché& d9 tai trong va téc do khac nhau, diéu
- Tin hiéu diéu khién tin s6 cao dudc cach ly; khién dé dang, lam viéc ém diu, do d6 trong

thuc t€ may phay CNC thudng st dung dong co

- T4n s6 xung dich budc 1én té6i 15 kHz; Y )
truc chinh dé lap dao cat théng qua collet

- Tu 4o jam do dién khi do G . . N .
5 bt i ong glam dohg dien 1 dong ¢ spindle va thyc hién qua trinh gia cong. Dong co
&t © . ) truc chinh cin dudc st dung bién tan két néi véi
- Tu dong chuyén ché do delay phu hop; may tinh, chat lugng diéu khién t&t vé ca toc do

- Bo vé qua dong, qua nhiét d6 hoat dong; va mo6 men.

Déng co budc truc Z

co bude
truc Y

Hinh 1. M6 hinh t6ng thé ctia may phay CNC 3 truc dugc lua chon dé thiét ké va ché tao

Hinh 2. Hinh anh Driver diéu khién déng co buéc Microstep Driver P441
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Dua vao muc dich st dung mé hinh may
CNC 3 truc trong viéc gia cong mot sd vat liéu
nhu nhoém, gd ho#c nhua mica, chiing té6i da lua
chon déng co c6 mot s6 thong s6 nhu sau:

S6 vong quay truc chinh ctia dong co la:

n,,.. = 9.000 vong/phuit;

Téc do chay khong tai:

Vomax = 2.500 vong/pht;

Toc do cit 16n nhat:

V. = 1.000 vong /pht;

Duong kinh dao phay ngén 16n nhat:

D =10 (mm) = B (bé rong cit);

S6 1udi dao cét: Z = 4;

Chiéu siu cit 16n nhét: t = 5 mm;

Hé s6 an toan: 2,5.

Luc cit dudc xac dinh theo cong thic
(Nguyén Déc Loc va cs., 2000):
10.Cpt*S}B"Z

Den"¥

Py kypp(N)

Trong d6: Z 12 s6 rang dao phay;
N 14 s6 vong quay cta dao (vong/phit)

Vmax 1000

S, = -
Z.n 4.9000

=0,027 - lugng chay dao

rang
Cp= 68,2; x =0,86; y =0,72; u=1; q = 0,86;
w=0

kyp 12 hé s6 diéu chinh cho chat lugng cua
vat liéu gia cong. D6i v6i nhom kyp = 1

Thay vao, c6:
~10.68,2.5%%0,0,027°™.10.4
B 10%47.9000"

Van téc cit xac dinh theo cong thtc sau
(Nguyén Péc Loc va cs., 2000):

_ C.Dpe
T .t*.S) B".ZP

P, 1=1548(N)

k, (m/phit)

Trong d6: C, = 145; m = 0,37; x = 0,24,
y=0,26; u=0,1; g = 0,44; p = 0,13: Hé s6 va cac
s0 mil:

T - chu ky bén cta dao (phit);

k, - hé s§ diéu chinh chung cho toc d6 cat;

k, = kyy.k,..k,.= 1.0,9.1= 0,9.

Ta c6:

145.10%* 09
80037 5024 () 097026 101 4013

= 81,9 (m/ phut)
Cong sudt cit:

P,V
__ Ttz _ 154,8.81,9 ~021 (kW)
1020.60 1020.60

te
Coéng suit dong co truc chinh:
N =25. N, =2,5.0,21 = 0,525 (kW)

= > Chon dong cd truc chinh c6 cong suat

0,6 (kW) = 600 (W)
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Hinh 3. Hinh dang va kich thuéc truc vit me - dai 6c¢ bi theo truc Y
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Hinh 4. K&t caAu va kich thuéc g6i dd truc vit me - dai 6¢ bi

3.2.3. Lua chon truc vit me
Lua chon thong sé kich thudc ctua truc vit

me - dai 6c bi trén co s6 nghién ctu, tim hiéu
mot s6 may phay CNC 3 truc dang dugc st dung
phd bién va pht hop v6i mé hinh thiét ké xac
dinh dudgc:

Duong kinh truc vit me - dai 6c: d = 20 (mm);

Buée vit me: 1 = 10 (mm);

Chiéu dai truc vit me truc X: L, = 400 (mm);

Chiéu dai truc vit me truc Y: L, = 500 (mm);

Chiéu dai truc vit me truc Z: L, = 300 (mm).

Hinh dang va kich thuéc ctia vit me-dai 6c
bi theo truc Y dugc thé hién & hinh 3, theo truc
X va truc Z thi vit me ¢6 hinh dang tuong tu véi
kich thuée nhu da lua chon phia trén. Trén co s6
dé, lua chon dugc gbi d6 cho cac truc vit me-dai
6c bi nhu trong hinh 4.

3.2.4. Lua chon b6 phin dan huéng

DPé tan dung t6i da phan lam viéc cla cac
truc vit me, nén truc dan huéng cé chiéu dai
dam bao yéu cau: 1, > L

Truc X c6 bé rong ciia phan ga cum truc
chinh va ban may tuong d6i nhé nén chi cAn méot
truc vit me bi dé dan dong chinh va mét truc dan
huéng véi 2 ty trugt tron 1ip sat nhau. Chiéu dai
truc dan huéng truc X chon: 1, = 400 (mm).

Truc Y d3 co cAu hanh trinh cta truc X nén
can c6 2 thanh din huéng hai bén véi 2 ty trugt
tron trén 2 thanh va truc vit me bi dé dan dong

chinh. Chiéu dai truc dan huéng truc Y chon:
lgny = 500 (mm).

Truc Z d6 cd phan dong co truc chinh nén
st dung 2 thanh din huéng hao bén dé dan
dong truc chinh. Chiéu dai truc din huéng truc
Z chon: 1, = 300 (mm).

3.3. Thiét k& va ché& tao mot s6 bo phéan

chinh ctia mé6 hinh may

3.3.1. Cum dé may

Pé& may thudng dude ché tao bang gang, c6
thé duc lién khéi hodc khung han, trén c6 khoan
hé théng 16 dé 14p rap véi cac chi tiét khac cua
may. Dua vao phudng an lua chon nguyén ly,
két cau da néu é phan 3.1 da thiét ké& va ché tao
dugc bd phan d& may nhu hinh 6 (Tran Van
Dich, 2003).

D& may phai c6 dd cling viing cao, c6 kha
ning gidm rung déng khi may lam viéc va c6 dd
on dinh vé nhiét.

3.3.2. Chi tiét ban may

Ban may c6 dang chit nhat lam bang vat
litu gang, bén dudi c6 ranh dé ghép véi mong
trugt ctia ban dao va hé théng vit dai 6c dé tao
chuyén dong chay dao. Ban may phai thing,
phing, ¢6 d6 cling cao va it bi mai mon khi lam
viée, cac ranh chit T dé ga dit chi tiét hodc do
ga. Ban may c6 thé di chuyén theo phuong truc
X va truc Y va duge diéu khién chuyén dong mét
cach chinh xac.
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Hinh 5. Hinh anh truc din huéng va ty trugt
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Hinh 6. Hinh anh ké&t cdu va kich thuéc ctiia dé€ may

Trén co s6 d6 két hop véi viéc tham khao
mot s6 mau may dang dudc st dung trén thi
truong, ban may da dugc thiét k& va ché tao phu
hgp va c6 hinh dang, kich thuéc nhu hinh 7.

3.3.3. Cum khung than may

Than may d6 ban mAay va cic cum truyén
dong, yéu cau phai c6 do cling viing tot, phai c6
d6 thing dat yéu cau va dé dang 14p rap cac chi
tiét, cum chi tiét, c6 cac thiét bi chéng rung
dong va 6n dinh vé nhiét tao su cAn bang cho
may, dam bao d chinh xac khi gia céng (Ta Duy
Liém, 2005). Than may dudc ché tao bang vat
liéu gang, do c¢6 do bén cao va dam bao dudc cac
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yéu cau ky thuat. Trén hinh 8 1a hinh dang va
kich thuéc cia cum than may.

3.3.4. Tong thé hé théng mé hinh may phay
CNC 3 truc

Trén co sé tinh toan, thiét k& va ché tao cac
phan ctia hé thong mé hinh may phay CNC 3
truc, xdy dung dudc ban vé téng thé ciia may
(Hinh 9) dé tién hanh kiém tra va chinh stia su
tuong thich va xac dinh dudc kich thuéc cta
may dam bao phu hop cho viée 14p dit.

Sau khi ché tao cac chi tiét may va cin ct
vao mé hinh thiét k& tong thé sé xac dinh vi tri
cu thé caa tiing bo phén, tiing co cdu, tiing chi
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tiét d€ tién hanh 14p rap dugc hé théng may nhu - Chuyén d8i moét PC tiéu chuéin thanh
hinh 10 va két néi v6i hé théng diéu khién bang mot may CNC day du tinh nang, 6 truc diéu
may tinh (Hinh 11). khién CNC

) . . . - Cho phép truc tiép nhap DXF, BMP, JPG
3.4. Ung dung phan mém Mach 3 dé gia  yj cjc file HPGL qua LazyCam
cong mot s6 chi tiét trén moé hinh may _Visual Geode hién thi

phay CNC 3 truc - Tao ra Geode qua LazyCam hoic Wizards

3.4.1. Thiét Iap cac théng sé gia cong trén - Hoan toan tuy chinh giao dién
phan mém Mach 3 - Tuy bién M-code va Macros bang cach st
Tinh ndng co ban va chic ning cung cap  dung VBScript.
bdi Mach3: Giao dién chinh cia phan mém (Hinh 12).
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Hinh 7. Hinh anh ké&t cAu va kich thuéc ctia ban may
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Hinh 8. Hinh anh két cAu va kich thuéc ctia cum khung than may
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Hinh 10. Hinh Anh hé théng m6 hinh may phay CNC 3 truc
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Hinh 11. Hinh Anh hé théng may tinh diéu khién mé6 hinh may phay CNC 3 truc
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Hinh 12. Hinh anh giao dién chinh ctia phan mém Mach 3
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Hinh 14. Hinh anh chi tiét gia cong th nghiém bang vat liéu nhém

3.4.2. Két qua gia céng mét sé chi tiét chi tiét bing nhua mica va nhém trén mo hinh
Hé théng moé hinh may phay CNC 3 truc nay (Hinh 13, 14, 15).
duge diéu khién bdi may tinh duge lip dat va M6 hinh may phay CNC 3 truc dugc diéu

khéo nghiém tai phong thuc hanh ctia Khoa Co khién béi may tinh c6 nhiéu uu viét hon may
- Dién. Duéi day 1a mot s6 hinh anh lam viéc va phay thoéng thuong, dic biét 14 nhiing may phay
hinh anh két qua gia céng thit nghiém mot s6  dugc trang bi tai Khoa Co - Dién vé cac mit nhu:
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Nguy&n Thi Thu Trang, Pham Thanh Cwéng, Tdng Ngoc Tudn, Ngd Bang Huynh, Nguyén Hiru Huéng

Phay gia cong dudc cac bién dang phtc tap mot
cach don gian, c6 cum truc chinh duge tich hgp di
lién véi truc cua dong co Spindle nén giam duge
rung doéng va tiéng 6n, két cAu gon nhe hon va
dam bao vé d6 dong tAm gitia dong cd va dao, do
cting viing cao, dugc diéu khién théng qua hé
théng may tinh nén d6 chinh xac rat cao; téc do
xu 1y, toc d6 gia cong cao cho ning sudt vugt troi
hon h&n. Ngoai ra, cac thong s6 khi gia céng, tinh
trang may hoat dong, chuong trinh gia céng, qua
trinh gia céng dudc théng bo, hién thi va mo
phong trén man hinh vi tinh.

4. KET LUAN

M6 hinh may phay CNC 3 truc da dudc tinh
toan thiét k& va ché tao v6i hé thong cac phan
duge b tri va 1ap rap hop ly. Hé théng dé thao

14p va c6 két néi véi may tinh, d& van hanh khi
gia coéng, rat pha hgp cho thuc hanh, thuc tap
gia cdong CNC ciing nhu phu hop dé gia cong cac
vat liéu bang nhom, nhua mica hoic gé.

Driver diéu khién dong co buée Microstep
Driver P441 dugc dung dé lién két may tinh véi
hé thong diéu khién, mach céng sudt va diéu
khién dong co bude caa cac truc X, Y, Z. May
tinh dudc cai dit phdn mém Mach 3 dé chuyén
thanh mot may CNC c6 day da tinh niang hoan
chinh. Pay 14 tng dung gian tiép, trong d6 may
tinh dung dé 1ap k& hoach, tién do, du bao, cung
c&p thong tin, dua ra cac chi thi dé€ quan ly va
diéu hanh san xudt. Nhém tac gid da gia cong
tht nghiém trén mo6 hinh may véi vat liéu nhom
va nhua mica. May hoat dong binh thuong va

gia céng cho két qua tot.

Hinh 15. Hinh anh mét s6 chi tiét dugc gia cong trén may CNC 3 truc
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Thiét ké& va ché tao md hinh may phay CNC 3 truc
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