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NGHIEN CUPU THIET KE VA CHE TAO MAY PHAY CNC 5 TRUC
STUDY ON DESIGN AND MANUFACTURE 5 AXIS CNC MILLING MACHINE

Nguyén Hiru Quang, Nguyén Anh Tuén, Trinh Kiéu Tuén, Nguyén Vin Khiét
Khoa Co khi, Trudng Dai hoc Kinh té K§ thuat Cong nghiép

TOM TAT

Hién nay, viéc itng dung may CNC 5 truc trong thiee té san xudt co khi ngay cang phé bién.
BPdc biét, véi cdc chi tiét ¢6 bién dang phirc tap, viéc san xudt chi hiéu qua khi gia cong trén may
CNC 5 truc. Tuy nhién, gid thanh nhdp ngoai ciia cdc logi mdy CNC 5 truc thuong rdt cao va trong
qud trinh s dung khi ¢6 sie cé thi viéc thay thé, hiéu chinh may kha phirc tap, ton kém. Vi vdy, trén
co s6 ké thira cdc nghién ciru trude ddy véi mong muon lam chii cong nghé phay CNC 5 truc dé
phuc vy cong tac dao tao trong trieong dai hoc, nhém tac gia da nghién ciru thiét ké, ché tao mdy
phay CNC mini 5 truc. Két qud thir nghiém cho thay, may phay CNC 5 truc nhém nghién ciru thiét
ké ché tao hoat dong 16t, cé thé gia cong cac chi tiét trén mét s6 vt liéu nhw: Go, nhwea, mica ...
Cic chi tiét gia cong dat dé chinh xdc 0,01mm. Mdy c6 thé irng dung trong ddo tao ldp trinh, vin
hanh may phay CNC.

Tir khéa: CNC; Mdy phay CNC 5 truc; Thiét ké.
ABSTRACT

Currently, the application of 5-axis CNC machines in actual mechanical production is
increasingly popular. Especially, the fabrication for parts with complex profiles is only effective
when machining on 5-axis CNC machines. The 5-axis CNC machines used in production facilities
and universities today in Vietham are mainly imported. However, the imported cost of 5-axis
CNC machines is often very high, and during use, when there is a problem, the replacement and
adjustment of the machine is quite complicated and expensive. Therefore, on the basis of inheriting
previous studies, the authors have researched the design and manufacture of 5-axis mini CNC
milling machines to serve training in universities and towards mastering the technology of 5 axis
CNC milling machine. The test results show that the machine works well on a variety of materials
such as wood, plastic, mica, etc. The machined parts achieve an accuracy of 0.01 mm. The machine
can be used in training programming and guiding the operation of 5-axis CNC milling machines.

Keywords: CNC; The 5-axis CNC machines, Design.
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1. PAT VAN PE

Hién nay, cac may phay CNC 05 truc
dang dan thay thé cic may gia cong truyén
thdng va dugc tng dung rat phd bién trong
nganh Co khi ché tao may, dac biét 1a cac linh
vuc can ché tao cac chi tiét co do phtrc tap cao
nhu: Ché tao khudn mau, diéu khic tranh anh,
khic hoa tiét hoa vin trén cic san phim qua
tang ... [1]. Do d6, viéc tinh toan thiét k&, ché
tao may phay CNC 05 truc dd duoc nhiéu tac
gia & cac nudc phat trién trén thé gidi thyuc hién
nghién ctru tir truée dén nay, dé khong nging
cai tién vé nang suit va do chinh xac gia cong,
tudi tho va do 6n dinh cua may,... Mot $6 cong
trinh nghién ctru da duoc cic hing ché tao
may trén thé giéi tmg dung dé ché tao thanh
cac san pham thuong mai 1a may phay CNC 5
truc UMC-760 cua hang Haas, may phay CNC
5 truc BX-630 CS cua hang TaKang ... Tuy
nhién, cac cong b ctia cac hang thuong mang
tinh chat gidi thiéu, khong co tai liéu thiét ké va
cong nghé cu thé nén kho ap dung.

Tai Viét Nam, mot sd it nhiing dé tai
nghién cuu da duoc thuc hién trudc day vé
thiét ké ché tao may phay CNC 05 truc nhu dé
tai “Thiét ké may phay CNC 5 truc” ciia nhom
tac gid, do PGS, TS. Hoang Vinh Sinh, Truong
Dai hoc Bach khoa hudng dan thuc hién nam
2015, da xay dung dugc co s¢ 1y thuyét ban
dau vé tinh toan thiét ké h¢ thong diéu khién
ctia may phay CNC 5 truc [2]. Gan day, dé tai
“Xay dung Postprocessor cho may phay CNC 5
truc DMU-50" [3] cling da dugc thuc hién boi
nhom tac gia Nguyén Anh Tudn, tai Trudng Dai
hoc Cong ngh¢ Giao thong Van tai, dya trén
co s& phan mém SolidCAM... Tuy nhién, cic
nghién ctru vé thiét ké, ché tao may phay CNC
5 truc & Viét Nam, dén nay két qua dat dugc
con nhiéu han ché. Cac nghién ctru vé thiét ké
ché tao may phay CNC 5 truc & Viét Nam van

chi mang tinh thir nghiém 1a chu yéu.

Véi nguoi dung cd nhan hodc céc co
sO san xuét gia cong nho, dic biét cac co s
dao tao 1ap trinh va van hanh may CNC nhu
cac truong dai hoc, cao déng, trung hoc chuyén
nghiép,... thi can tdi wu chi phi dau tu may moc
thiét bi ma van dam bao dugc cac yéu cau dat
ra. Vi vay, viéc nghién clru thiét ké tao may
phay CNC 5 truc c6 kich thudc phu hop hoat
dong hiéu qua, gia thanh thap c6 thé phuc vu
nhitng yéu cau néu trén 1a rat can thiét, gitp toi
wu chi phi, chu dong hon trong viéc ché tao,
st dung may. Pac biét, ddi véi Khoa Co khi,
Trudng Pai hoc Kinh té K§ thuat Cong nghiép,
diéu nay 1a rat can thiét dé giup sinh vién c6
thé duoc thuc tap van hanh trén cac may CNC
5 truc, hudng dén 1am chu duoc céac may moc
thiét bi hién dai, tiép can duoc voi thyc té san
xuat.

Trong bai bdo nay, tac gia trinh bay két
qua nghién ctru thiét ké va ché tao may phay
CNC mini 05 tryc img dung trong giang day tai
Khoa Co khi, Truong Dai hoc Kinh té K§ thuat
Cong nghiép.

2.NOI DUNG

2.1. Pic diém két ciu ciia may phay CNC 5
truc

Trong may CNC c6 hai dang chuyén
dong tao hinh két hop v6i nhau dé gia cong
chi tiét. P6 1a chuyén dong ciia nhanh mang
phéi va chuyén dong ctia nhanh mang dung cu
cit. Trong hé toa d6 khong gian c6 6 kha ning
chuyén dong bao gdm 3 chuyén dong tinh tién
theo 3 phuong XYZ va 3 chuyén dong quay
ABC tng v6i 3 phuong tinh tién nhu thé hién
trén hinh 1.
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Hinh 1. H¢ truc toa do trén may phay CNC

1

Mot may phay CNC 5 truc c6 thé dua
mili dung cu cit tGi mot diém bat ky va chuyén
dong trén bé mat phoi, duy tri mot goc nghiéng
dinh trudc so véi bé mat phoi. Pong thoi, thuc
hién chuyén dong twong ddi giita dung cu va
phéi bang cach phdi hop céac truc quay va truc
tinh tién mot cach linh hoat. Vé co ban, may co
c4u tao gém mét truc chinh véi toe do quay cao
duoc g?in dung cu cat. Khi lam viéc truc chinh
s& tinh tién theo truc Z, phoi dugc ga ¢b dinh
trén ban may va tinh tién theo truc X, Y két hop
véi truc Z dé tao hinh san phém. Ngoai ra, trén
cac may CNC 5 truc s€ dugc mo rong thém 2
tryc chuyén dong xoay xung quanh truc X, Y
hodc X, Z hoac Y, Z nhu thé hién trén hinh 2.
Do d6, may co6 kha nang gia cong cac loai chi
tiét phirc tap v6i 1 1an ga dat, sé giup gia cong
duoc céc chi tiét co bé mat phic tap, toe do cit
vat li€u cao, giam thoi gian gia cong, giam thoi
gian ga dt phoi, nang cao chat lugng bé mit va
d6 chinh xac cua chi tiét gia cong.
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Hinh 2. Cdu tao ciia méay phay CNC 5 truc

2.2. Thiét ké két cAu may phay CNC 5 truc
2.2.1. Phén tich lwa chon phwong dn thiét ké

Dua vao vi tri cac truc quay, nguoi ta co
the phan loai cau hinh CNC 5 truc nhu sau:

+May 5 tryc v6i 2 truc quay duoc bd tri
trén truc chinh.

+May 5 truc voi 2 truc quay duoc bo tri
trén ban may.

+ May 5 truc véi 1 truc quay trén ban
may va | truc quay trén truc chinh.

Trén co so phén tich vu nhugc diém cta
céc loai cdu hinh CNC 5 truc ¢ trén, nhom tac
gia lya chon phuong an thiét ké may 5 truc voi
2 truc quay duoc bd tri trén ban may.

Hinh 3. Luwa chon phiwong dn thiét ké
2.2.2. Thiét ké cum truc X, Y, Z va cum AC

Duya trén muc dich st dung mo hinh
may phay CNC 5 truc tai Khoa Co khi, Truong
Pai hoc Kinh té K¥ thuat Cong nghiép, nhém
nghién ctru dit ra nhitng yéu cau cac thong sd
dau vao can thiét ké ctia may phay CNC 5 truc
nhu sau:

- Gia cong duogc phdi co kich thude
80x80x120 (mm);
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- Puong kinh kep phoéi 45 (mm);

- Ga l'flp dugc cac loai dao c6 duong
kinh tir @1 dén ®12;

- Tdc @6 cét tdi da tir 15.000 dén 20.000
vong/pht;

- Do chinh x4c kich thudc cao nhat 0,01 mm;
- Kich thudc may: 600 x 600 x 700 (mm).

Trén co so nhimng yéu cau vé cac thong
s6 dau vao nhu trén, nhom nghién ctru da thuc
hién tinh toan thiét ké hé thng co khi va hé
thong diéu khién ctia may. Trudc tién thyuc hién
tinh toan thiét ké ddi véi cac chi tiét tiéu chuén.
Viéc tinh toan thiét ké cac chi tiét tiéu chuin
dua trén nguyén tic tinh chon. Can clr vao
catalog cac chi tiét tiéu chudn clia cdc hing san
xuat, nhom nghién ctru da thuc hién tinh toén
va lua chon duoc cac chi tiét va thiét bi co ban
ctia h¢ thong may phay CNC 5 truc nhu sau:

- Dong co budc diéu khién vit me 3 truc
X, Y, Z la dong co budc 5 pha c6 Model ASOK-
M566- G10.

- Pong co budc dicu khién cum truc
AB la dong co budc 2 pha c6 Model SUMTOR
57HS11230A4.

- bong co truc chinh c6 Model 1a GDZ-
80- 2.2B.

- Thanh dan hudéng cua 3 truc X, Y, Z c6
Model Ia TRH20VN.

- Truc vitme cta 3 truc X, Y, Z 1an luot
c6 Model la SFS01620-1.8, SFS01605-3.8,
SFS01620-1.8 cuia hang TBI MOTION.

Day 1a co so dé thuc hién thiét ké cac
cum chi tiét chinh cia may phay CNC 5 truc.
Cu thé nhu sau:

a. Thiét ké cum truc Z

1 et
[T IR B

Hinh 4. Cum truc Z

Hinh 4, thé hi¢n két ciu cum tryc Z cua
may phay CNC 5 truc. Khi dong co (5) quay,
thong qua bd truyén dai ring s& truyén chuyén
dong quay cho truc vit me bi. Khi do, truc vit
me bi dn khop véi dai ¢ bi dan dén 4o dai bc
bi (4) chuyén dong tinh tién tao ra chuyén dong
chay dao doc ciia may phay CNC 5 truc.

b. Thiét ké cum truc X

Hinh 5, thé hién két cdu cum X cua may
phay CNC 5 tryc. Khi dong co (7) quay, thong
qua bo truyén dai ring sé truyén chuyén dong
quay cho truc vit me bi. Khi do, truc vit me bi
an khép véi dai ¢ bi dan dén 4o dai dc bi (9)
chuyén dong tinh tién tao ra chuyén dong chay
dao ngang ctia may phay CNC 5 truc.

L5k Dl rag:

Hinh 5. Cum truc X
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c. Thiét ké cum truc Y

Hinh 6, thé hién két cdu cum truc Y cua
may phay CNC 5 truc. Khi dong co (7) quay,
thong qua b truyén dai ring sé& truyén chuyén
dong quay cho truc vit me bi. Khi do, truc vit
me bi an khép voi dai dc bi ddn dén ban may
chuyén dong tinh tién, tao ra chuyén dong chay
dao ngang ctia may phay CNC 5 truc.
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Hinh 6. Cum truc Y

d. Thiét ké cum truc AC
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Hinh 7. Cum truc AC

Hinh 7, thé hién két cAu cum truc AB
cua may phay CNC 5 tryc. Khi dong co truc A
(6) quay, momen dugc truyén qua bo truyén dai
(7), khi d6, cum truc C chuyén dong lic. Khi
dong co truc C (10) quay, momen duoc truyén
qua bd truyén dai (4). Khi d6, mam cip (11)
ctia cum truc C chuyén dong quay tron. Ngoai
ra, co cau phanh dién tir (2) va (12) dung dé
ham chuyén dong céc truc A, C sau khi may
dimg (ngét dién) dé tranh mat gbc phoi.

2.2.3. Thiét ké tong thé hé théng co khi ciia
mdy phay CNC 5 truc

Trén co s& két cau cac cum truc X, Y, Z,
AB d thiét ké ¢ phan trudc. Thyc hién lap rap
cac cum chi tiét trén moi trudng Assembly cua
phan mém Inventor s& xay dung duoc két cAu
chung ctia may phay CNC 5 tryc nhu thé hién &
hinh 8.

5k D b ABC
1) Cpm e W,

U1k Com s X
2k Cum e T,

Hinh 8. Hé thong co khi ciia may phay CNC 5 truc

Ngodi ra, @& dam bao tinh thim my,
hiéu qua va an toan khi hoat dong ctia may,
nhém nghién ctru da thuc hién thiét ké cum ban
may. Tir 46, xay dung duogc két cau tong thé hé
thong co khi ctia may phay CNC 5 truc nhu thé
hién trén hinh 9.

Hinh 9. Tong thé mdy phay CNC 5 truc: 1) Két
nwoe, 2) Tu dién; 3) May tinh; 4): Mday phay CNC
5 truc.

2.3. Thiét ké hé thong diéu khién cia may
phay CNC 5 truc

2.3.1. Lwa chon phin mém diéu khién ciia
mdy phay CNC 5 truc

Trong thuc té c6 rat nhiéu phan mém cé
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thé diéu khién cho may phay CNC, nhu: Phan
mém: Fanuc, NCstudio, Mach3... Téc gia chon
phan mém diéu khién may 1a Mach3 vi chiic
ning cta phan mém nay da dang, giao dién
dep, d& khai bao cac théng sd cua hé thong va
dé sir dung. Lap trinh theo huéng mé rong lién
két voi cac Script VB. Cho phép tryc tiép nhap
khau DXF, BMP, JPG va cac file HPGL qua
LazyCam, Visual Gcode hién thi; Import truc
tiép cac file dxf, bmp va jpg thong qua phan
mém LazyCam theo [4, 5] M6 phong qué trinh
1am viéc rat rd rang va tiét kiém duoc chi phi
dang ké khi ché tao may.

-h—:'uu—
D p—

Hinh 10. Giao dién phan mém Mach 3

Theo [4, 5] phan mém Mach 3 diéu
khién theo dang vong hé nén khi tmg dung
Mach3 diéu khién cho may phay CNC mini 5
truc, tac gia phai thiét ké theo dang vong ho dé
thuén loi khi thiét 1ap hoat dong cua may.

lil.fllllll‘l
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Hinh 11. Piéu khién dang vong ho

2.3.2. Thiét ké so dé khéi hé thong diéu khién
cuia mdy phay CNC 5 truc

Pé dam bao sy hoat dong 6n dinh va
chinh xéc cua thiét bi dap irng dung cac yéu cau

dit ra, nhom nghién ctru thiét ké so d6 khdi hé
thong diéu khién cua may phay CNC 5 truc nhu
sau:

Vi mpal
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Hinh 12. So do khéi hé théng diéu khién ciia may
phay CNC 5 truc

2.3.3. Thiét ké hé thong diéu khién ciia mdy
phay CNC 5 truc

H¢ thong diéu khién cua thiét bi dugc
thiét 1ap nhu hinh 13.
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Hinh 13. So do cau truc diéu khién cua may

So dd cau tric diéu khién cia may nhu
hinh vé 13. Trong do6:

- Phan mém Mach3 va may tinh: C6 vai
tro nhu bo dicu khién CNC, dieu khién toan hé
thong.
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- Mach NVUM USB MACH3 CARD
dugce két ndi véi may tinh qua cong két ndi
USB, cong két ndi nay vira cé tac dung truyén
tin hi€u tor may tinh dén mach mach3, vira c6
tac dung cung cap ngudn dién 5V tir may tinh
cho mach dém NVUM USB MACH3 hoat
dong.

- Bong co budc va driver dong co bude
duoc st dung dé dan dong cac ban may dé hinh
thanh chuyén dong cta dau gia cong.

- Cong tac hanh trinh dugc str dung dé
gi61 han hanh trinh cho cédc ban may, nham
ngan nglra ban may va cham véi cac goi do.

2.4. Ché tao, thir nghiém gia cong va danh
gia hiéu qua hoat dong

T thiét ké chi tiét két ciu co khi va
hé¢ théng dicu khién, nhém nghién ciru da tién
hanh gia cong ché tao céac chi tiét co khi va lua
chon céc thiét bi, linh kién dién tir da tinh chon.
Sau d6, tién hanh lip rap, diéu chinh va thir
nghiém thanh cong may CNC 5 truc vdi cac
thong sb k¥ thuat dung theo thiét ké.

Hinh 14. Hinh anh may phay CNC 5 truc sau khi
thiét ké ché tao

Dé dénh gia kiém nghiém kha nang hoat
dong ciia may, nhém nghién ctru da tién hanh
gia cong thir nhiém chi tiét banh ring con xodn
trén vat liéu nhya. Két qua san pham gia cong
c6 do chinh xac kich thude va hinh hoc dat yéu

cau k¥ thuat dat ra v6i do chinh xac kich thudce
0,01 mm va do nham bé mat dat Ra=2,5.

Hinh 15. Gia céng thir nghiém chi tiét banh rang
con xoan

Trén co s& nay, nhom nghién ctru da
tién hanh thir nghiém gia cong mot so chi tiét
khac nhu thé hién trén hinh 16. Két qua cho
thay, may phay CNC 5 truc ma nhom thiét ké,
ché tao hoat dong on dinh, dam bao céc thong
s6 k¥ thuat yéu cau di dua ra.

Hinh 15. Hinh anh mét s6 san pham gia cong trén
may phay CNC 5 truc da che tao
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3. KET LUAN

Bai béo trinh bay mét s6 két qua nghién
ctru thiét ké va ché tao may phay CNC mini 5
tryc. May da duoc ché tao va chay thur dat két
qua tot:

- May van hanh dé dang, thuén lgi trong
di chuyén, dé bao tri va bao dudng

- Gia cong dugc cac chi tiét co bién
dang phirc tap nhu banh ring con xodn, canh
tuabin... trén cac vat liéu nhu: GO, nhua,
mica... San pham thtr nghiém gia cong trén
may c6 d¢ chinh xac hinh hoc va kich thudc
dat yéu cau dé ra.

- Co thé tng dung trong san xuit va
phuc vu tot cho viéc giang day hudng dan lap
trinh, van hanh may CNC. %
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