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Thiét ké ché tao may phay CNC 3 truc

Puong Khanh Son’, Huynh Minh Vii va Ping Hoai Bao
Truong Bai hoc Ky thudt Céng Nghé Cén Tho

TOM TAT

Bai bdo “Thiét ké ché tao mdy phay CNC 3 truc” trinh bay chi tiét qud trinh tinh todn thiét k€ mdy phay CNC
3 truc phuc vu hoc tép, nghién ciru va ddo tao. Qua khdo sdt tinh hinh nghién ctru trong va ngodi nuéc dé
dwa ra muc tiéu chi tiét cda nghién ctru. S dung phéin mém Autodesk Inventor dé thiét ké va mé phéng mé
hinh, lwva chon déng co truc chinh, truc vit va cdc déng co truyén déng, tinh chon cdc mach dién va cai ddt
cdc théng sé hop ly cho phdn mém diéu khién mdy. Mdy dwoc thiét ké ché'tao vdiviing hoat déng 350 mm x
600 mm x 125 mm, vdi sai s6 0.1 mm. Thurc nghiém mdy vdi cdc vat liéu khdc nhau nhu: g6, mica, nhém, ...
Két qué mdy dwoc ché'tao ddp tng tét muc tiéu dd ddt ra, mdy van hanh tét, chi phi ché tao thép, mdy dé

dangthao tacva diéu khién.

Tirkhéa: CNC, phdn mém Mach 3, mdy phay 3 truc, ché'tgo

1. DAT VAN DE

Trudc day viéc gia cong co khi thyc hién hoan
toantréncacmayconhu:tiénco, phayco.Viéc
giacong nhu thé rat ton kém thoi gian va nang
suadtthap.Dévanhanhcdcloaimaynay doihoi
mot may phdicé moéttho. Didu nay déng nghia
cacsanphadmtaorasé&khdéngnhiéu,honniradd
chinh xac sé khéng cao, dan dén hiéu qua kinh
téthap.

Sau mdt thoi gian cai tién, may CNC da ra doi nham
khac phuc nhitng khuyét diém trén cadc may co. Su
ra do&i cla cdng nghé CNC da ddnh ddu mot buéce
ngoac I&n trong cudc cach mang san xuat co khi va
hién nay né van dang phat trién khdng ngirng cho
ranhi*ng san phdm hoan hao nhat [1].

O nudc ta, cdc mdy CNC dang dwoc st dung rat
phé bién trong san xuat, trong dao tao va nghién
ctru khoa hoc. Trén thyc té, chi phi dau tu cho
mot may CNCIlavo cung dat dé. Do dd, mot sé co
s& dao tao cac nganh ky thuat chua dap &rng day
du trang thiét bj dé phuc vu cho qué trinh dao
tao, thyc tap, thuc hanh cho sinh vién cling nhv
nghién ctu khoa hoc. B3 c6 nhiéu nhdm nghién
clruvachétaomayphay CNC3truc, clingnhu do
adntdtnghiépclasinhvién & cactruong ki thuat
trong nudc. M6 hinh mdy phay CNC cla truong
cao dang nghé Bach Khoa Ha Noi [2] s& dung vat
liéu PVC lam than may va vai truc nén doé clrng
vitng kém dan dén quatrinh gia congthan may bj
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rung déng, mdy cd sai sd cao, san pham gia céng
khéng dat yéu cau. Luadn van t6t nghiép thiét ké
ché&taomdyphayCNC3trucctasinhviéntruong
Pai Hoc Bach Khoa Ha NGi [3] c6 vai truc va mat
ban may duwoclam tlr thép hdop tao nén do clrng
virtng cho mdy gilip mdy it bi rung dong. Phan
thanh trvot dan hudng truc X van chwa dong bo
vé cau trucla dung thanh truot tron va ray truwot
vudng dé dan hudng cho truc lam anh huéng
dén dé chinh xac, déng co truc chinh s& dung
may diéu khic gd cam tay dan dén san pham sau
khi gia cong vin chua dap rng dwoc yéu cau vé
dothdm myva do chinh xdc. Vivay viéctap trung
nghién ciru dé tinh toan, thiét k& va ché tao md
hinh mdy phay CNC 3 truc ¢6 do cirng virng cao,
céngsudtddngcotrucchinhphihop dégiacong
cac vat liéu nhu nhém, gb, nhya...dat do chinh
xacvathdmmyvdichiphithiplacanthiét.
Trong bai bdo nay, chung toi sé trinh bay phwong
phdp thuc hién & Phan 2, bao gbm phuong an
thiét ké hop ly dé ché tao mdy phu hop yéu cau
datra, tinh todn dé chon vit me, ray trwot, dong
co phu hop, ddu néi hé théng dién diéu khién va
cai dat cic thdong s6 cho may. Tir d6 & Phan 3
ching toi sé gidi thiéu cac két qua thu dwgc qua
gua trinh chay thuc nghiém trén cac loai vat liéu
khac nhau, cé co s& danh gid va két ludn cdc muc
tiéudatradphana.
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2.PHUONG PHAP THU'CHIEN

2.1. Phuong an thiét ké

Muc dich nghién ctu nay la thiét k& ché tao may
phay CNC 3 truc sir dung trong gia cong cac loai vat
lieu khac nhau, mdy dugc ché tao phai dam bao
yéu cau cirng virng, thdm my va dé chinh xac twong
ddi cao phuc vu qua trinh nghién clru va dao tao.
Qua khdo sat, thu thap théng tin, phan tich cdc may
phay CNC 3 truc théng qua bai bdo, luan van hoac
d3 dugc nghién clru nhdm dé ra yéu cau ki thuét
nhuv sau:

e Mdy c6 hanh trinh lam viéc t&i da 350 mm x 600
mmx125mm.

e Thiét ké may vdi sai s6 cho phép ctia may 1a 0.1 mm.

e DO clrng virng phai ddm bao cho viéc gia cong trén
cac vat liéu khac nhau nhu: nhira, g6, mica, nhom, ...

Phuong an di chuyén cta may |a phéi c6 dinh truc

X, Y, Z di chuyén, d&i véi két cdu nay thi chi phan dé

clia may CNC gdbm ban may va co cdu mang dong

cotrucY thi dwoc 13p c6 dinh. Phan di ddng gom 6
trucZva 6 truc X. Uu diém cla két cdu nay la khéng
gian ban may I&n, cé thé gia cdng dugc phdi cod
kich thudc xap xi vung chuyén déng cla cac truc.
Nham han ché mang khdi lwong phéilén di chuyén
khigia cong[4].

Sau khi lya chon duwoc phuwong an thiét ké, thuc
hién xay dwng mé hinh 3D trén phan mém Inventor
va b6 tri cac cum chi ti€t cho may. K&t qua dugc thé
hién qua Hinh 1, 2. V&i ban mdy dirng yén cac cum
X, Y, Z di chuyén mang theo déng co truc chinh dé
giacong.

May dugc thiét ké vai 5 bd phan chinh:
1.CumtrucX

2.CumtrucZz

3.Dongcotrucchinh

4. CumtrucY

5.Banmay

Hinh 1. Téng thé may phay CNC 3 truc

Hinh 2. M3t trwdc va mat bén clia may
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2.2. Tinh toan, lwa chon vit me
Truyén déng vit me bi la loai truyén déng bién
chuyén ddng quay thanh chuyén déng tinh tién va

Tinh todn dong co truc chinh
Tinh so’ bd chiéu sau cat [5]0:

Trong dé: C=1.06;D, ., =Tmm

Xac dinh toc do cat:
C .D*

V: v K :84.1 h,t
T SiB (m/phut)

Trong do:

C,=185.5;g=0.45;x=0.3;y=0.2;,u =0.1; p=0.1;m = 0.03 (hé s6 va c4c s& mii)

T =80 (phut) chu ky bén cla dao.
Z = 4 s& me cat dao phay.
K : hé s6 diéu chinh chung cho t8c d6 cat, xac dinh theo céng thirc:

K, =K,, K, K, =09

Trong dé:
Ky = 1 hé s6 phu thudc vao chat lwgng vat liéu gia cong.
Kyy = 0.9 hé s6 phu thudc vao trang théi cla phoi.
Kyy = 1 hé s6 phu thudc vao vat liéu cta dung cu cat.

Lwong chay dao:
S, =Smn=S8,xZxn=0.06x4x3826 =918(mm/ vong)
Trong do:
n= 10007 =3826 (v/ph)
r.D
Tinh luc cat:
X QY pn
- IO'CPZ'; q'izw B2 k. —1268N

Trong d6: V&i vat liéu nhom thi P, = 0.25P,;

C,=682x=0.86;y=0.725u=1,g=0.86;w=0;K,,, =1 (hé s6 va cac s6 mi)

Khi d6: P, =0.25P, =0.25x1268 =317N

Xéc dinh céng suat déng co truc chinh:
Trén co s& P,vaV d3 tinh ta ¢ cdng suat cit nhu sau:

PV _317x84xl _

= = =0.44(K
¢ 60x1020  60x1020 (KW

Chon ddng co truc chinh cé cong suat 1.5(KIW) > 0.44(KW).
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(1)

(2)

(3)

(6)

nguoc lai. Loai truyén dong nay khac vai truyén déng
vit dai 6¢c & cho c6 thém cac con lan la cac bi cau nho
d6 ma sat trong truyén dong vit me bi la ma sat lan.
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Bang 1. Cic thdng s6 dau vao tinh toan, chon vit me

Truc Z X Y
Khai lwgng Wy (N) 55 100 230
Van téc I&n nhat khi khong gia cong V; (m/phut) 10 10 10
Van toc 1én nhat khi gia cong: V,(m/phat) 7 7 7
Gia t6c hoat déng |&n nhat: a (m/s?) 5 5 5
Thoi gian hoat dong: L.(h) 10000 10000 10000
TOc d6 vong dong co: N, . (rpm) 2000 1000 1000
Hé s& ma sat bé mat: u 0.1 0.1 0.1

Sau khi tinh todn buéc vit, luc doc truc trung binh,
tai trong va ban kinh truc vit dwa vao cac théng s6

Bang 2. Chon vit me cho céac truc

dau vao & Bang 1, tién hanh chon duoc vit me cho

tirngtrucnhw & Bang 2 [6].

Truc Z X Y
Chiéu dai (mm) 271 571 771
buong kinh (mm) 16 25 25
Budc vit (mm) 5 10 10
Hang vit me TBI TBI TBI
Ma vit me SFNU01605-4 SFNU02510-4 SFNU02510-4

cau cla hé théng thanh truot phai thing, ¢ kha
nang tai cao, do cirng virng tét, tron khi truot va
khong cé hién tugngdinh.

2.3. Tinh toan, lwa chon ray truot
Hé th&ng thanh trugt dan huwdng cé nhiém vu dan
huwdng cho cdc chuyén déng clia cactrucX, Y, Z. Yeu

Bang 3. Cac thdng s6 dau vao tinh toan, chon ray truot

Truc z X Y

Khéi lugng: m,(N) 55 200 60
Khéi lwgng: m,(N) 30 40
Van téc: v(m/ s) 033 | 017 | 017
Giatéc:a=a, =a,(m/s’) 5 5 5
Hanh trinh di chuyén: L, =/ (mm) 189 489 689
Khoang céch gitta hai con chay cung ray: /,(mm) 80 125 70
Khoang céch gitta hai con chay khéc ray: [, (mm) 110 100 616
Khodng cach tir tdm cum ban may tdi tam vit me theo phwong vuéng goc

. x . 78 0 0
véi ray dan hudng: L (mm)
Khoang cach tir tam phoi tdi tam ban may theo phwong song song vdi ray

x , 0 0 67
dan huéng: [,(mm)
Khoang cach tir tdm truc vit me t&i mit ga d& truc Z: [5(mm) 50 15
Khoang céch tir tdm tryc vit t&i tdm dong co truc chinh: [, (mm) 166 290

danh nghia dua vao cac thdng sé dau vao & Bang 3.
Tién hanh lua chon ray véi cac théng sé nhu &
Bang4[7].

Sau khi chon ray trwot dé cé duoc hé sé tai trong
tinh va hé s tai trong dong, tién hanh kiém
nghiém tai trong trung binh, hé sé tinh va tudi tho

ISSN: 2615 - 9686 Hong Bang International University Journal of Science



Tap chi Khoa hoc Trwong Dai hoc Qudc t& Hong Bang - S8 26 - 11/2023: 163-170 167
Bang 4. Chon ray truot cac truc
Truc z X Y

Chiéu rong ray truot (mm) 20 15 15

Chiéu dai ray trugt (mm) 340 600 800

Hang ray truwot THK PMI PMI

Ma ray truot HSR20R MSA15 S MSA15 A
2.4. Tinh toan, lva chon ddng co co phu hop, ¢ng dung cdng cu tinh cla hang

DPéthuantiéntrongviéctinh todn valywachon déng

Bang 5. Cic thdng s6 dau vao tinh toan, chon ddng co

FASTECH.

Truc z X Y

Téng khéi lvgng cha ban va ban lam viéc: w (kgf) 5.5 10 23
Puwong kinh vit me bi: D(cm) 1.6 2.5 2.5
Téng chiéu dai vit me: L(cm) 27.1 57.1 77.1
Buwdc vit me: P(cm) 0.5 1 1
Chiéu dai di chuyén: [(cm) 18.9 48.9 68.9
Thoi gian dinh vi: 7,(s) 3 3 3
Thoi gian tang giam toc: () 0.2 0.2 0.2
Ngoai lyc: F,(kgf) 0 0 0
D6 phan giadi bé ma héa: (ppr) 6400 6400 6400
Géc 1ap dat: a(°) 90 0 0
Ti s6 truyén: R 1 1 1
Hiéu suat banh rang: 7R 1 1 1
Hé sb an toan: S 2 2 2

Tién hanh nhap cac théng s6 & Bang 5 vao cong cu tinh todn cha hing FASTECH.

Bang 6. K&t qua tinh toan dong co

Truc z X Y

Moment: (N.m) 0.28 0.33 0.67
Téc d6 vong quay: (vong/phut) 810 1048 1476

Dwa vao két qua tinh todn dugc & Bang 6 tiEnhanh  cho méy phay CNC 3 truc

chon déng co cta hdng Leadshine vdi ma 57CM23
dap ngduoccicyéucaudadéra[8).

2.5. So’ d6 nguyén ly hé thong dién va diéu khién

B diéu khién Mach3 duoc irng dung dé giao tiép
gitra may tinh va diéu khién cac truc ciia may phay,
mach két néi véi may tinh théng qua cong USB s&
dé dang diéu khién va st dung.

Hinh 3. So d6 dién diéu khién va giao dién Mach3
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3. KET QUA VA THAO LUAN
Hinh 4, trinh bay may va td dién hoan chinh sau khi dwoc 13p rap theo thiét k&

Hinh 4. May va t0 dién sau khi I3p rap hoan chinh

Sau khi thuyc nghiém chay trén céc vat liéu cat min, phdi khéng bi méo, kich thuwéc cac
khac nhau, s dung dao cdt 4 me HSS chuyén canh déu bingnhau, véisaisé1a0.1mm nhuv
dung cho nhdm, san phdm cho ra véi dwdng  Hinh5,6,7.

Hinh 5. San pham gd hinh vudng va hinh tron sau gia cong

Hinh 6. San pham mica hinh vuéng va hinh tron sau gia céng
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Hinh 7. San phdm nhdm hinh tron va hinh vudng sau gia cong

Bang 7. K&t qua cat hinh tron trén vat liéu gb

Lan chay th Kich thwéc yéu cau (mm) Kich thwéc trung binh do thuc té (mm)
1 50 50.1
2 50 50
3 50 499
4 50 50.1
5 50 499

Trong nghién cttu nay, d3 tinh toan thiét ké va ché tao
thanh céng may phay CNC 3 truc vdi kich thuwéce hoat
déng 350 mm x 600 mm x 125 mm, hoat déng 6n dinh

Bang 8. K&t qua cat hinh vuéng trén vat liéu mica

va ddm bao dung yéu ciu dé ra. Qua thir nghiém thuyc
t& may hoat déng chinh xac dén 99.8%, viéc diéu khién
bang may tinh gidp diéu khién may phay dé dang hon.

Lan chay th Kich thuéc yéu cau (mm) Kich thwéc trung binh do thyc té (mm)
1 50 50.1
2 50 50
3 50 50
4 50 49.9
5 50 50

Bang 9. K&t qua cat hinh tron trén vat liéu nhém

Lan chay th

Kich thuéc yéu cau (mm)

Kich thwéc trung binh do thyc té (mm)

1 50 49.9
2 50 50
3 50 50.1
4 50 50
5 50 49.9

Viéc st dung tinh nang CAM duorc tich hgp trong
phan mém Inventor d3 gitp t6i wu qua trinh Iap trinh
gia cdng va tang hiéu qua san xuat. Tinh nang nay
cung cdp kha ndng xuat chuong trinh gia cong tw
déng, giup tiét kiem dang k& thoi gian va nang luc
cong viéc. Nho d6, qua trinh gia cong trd nén hiéu qua
hon va mang lai két qua tot trong qua trinh san xuét.

B6 diéu khién Mach3 hd tro t8i da 5 truc chuyén
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déng déng thdinén cé thé thém truc Ava truc B dé
thuc hién gia cong 5 truc, dp dung gia cong céc chi
tiét phirctap.

4. KET LUAN

M6 hinh mdy phay CNC 3 truc da duoc tinh toan,
thiét ké va ché tao thanh céng vdi téng chi phi
9,800,000. May c6 dd cirng virng twong déi cao,
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thdm my va d6 chinh xdc gia cong twong déi phu
hop cho hoc tap, nghién ctru khoa hoc cliia giang
vién va sinh vién. Hé théng dé thao |ap, két ndi véi
may tinh thdng qua cng USB giup diéu khién va
van hanh dé dang khi gia cong. Ngoai ra c6 thé m&
rong thém cac tinh nang cla may nhu thay dao tu
dong, do dao ti dong dé thuan tién trong qué trinh
gia cong. Nghién ctru nay la qud trinh téng hop lai

cac kién thirc co ban tir ly thuyét thiét ké mdy, tinh
chon vét liéu, gia cong, ché tao, thiét ké dién va
diéu khién cho may, k&t qua cta nghién ctru nay cé
y nghta thiét thuc trong viéc giang day, dao tao va
nghién ctru khoa hoc.

TUr nhitng két qua da dat dwoc cé thé phat trién
thém cac tinh nang dé (rng dung gan nhat véi thuc
t&€ dé nang cao chat lvgng trong dao tao.
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The design and fabrication of 3-axis CNC milling machine
Duong Khanh Son, Huynh Minh Vu and Dang Hoai Bao

ABSTRACT

This paper specifically reports the design and fabrication of 3-axis CNC milling machine serving study,
research and training purposes. The detailed goals of the topic are produced via the investigation into
domestic and overseas research situation. Calculation process and design of the model are based Autodesk
Inventor software, including the selection of the spindle, screw, belt and motor as well as circuit usage
conditions and circuit software, which aim to control the machine. 3-axis CNC milling machine is designed
with workplace of 350mm x600mm x125mm with the error of 0.1mm. It is experimentally operated with a
wide range of materials such as wood, mica and aluminum. The results show that the machine meets the
study's requirements consisting of good operation, economy, easy manipulation and control.

Keywords: CNC, Mach 3 software, 3-axis milling, fabrication
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