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Tém tit - May CNC router 1a may dugc thiét ké sir dung cho gia
cong tc do cao tao hinh céc san phim trén vét liéu nhu thép, kim
loai mau, gd, mica, nhya, da... cic bd phén trong d6 hoat dong
theo chudi su kién dé tao ra cac san phim c6 hinh dang va kich
thude theo yéu ciu dudi sy trg gitip ciia may tinh. San phim mang
tinh tng dung cao trong cong nghiép san xuét, dic biét 14 m§
nghé... nhim giam lao dong thu cong va ting ning suit lao dong.
Bai bao trinh bay viéc nghién ciru, ché tao may router CNC 3 truc
dang nho tng dung bé diéu khién da nhiém H7K-A. May router
CNC 3 truc dugc nghién curu co thé thuc hién duoc da dang cac
loai san phém, Kkét hop céc cong doan khac dé tao nén mot day
chuyén san xudt khép kin va tr dong. Két qua ctia nghién ctru nay
¢6 ¥ nghia thiét thyc trong do tao, nghién ciru khoa hoc lam chi
cong nghé ché tao, s6 hda qua trinh san xuét trong thoi ki cia cude
cach mang cong nghiép 4.0.

Tir khoa - Méy khic router; diéu khién s6; tw dong hoa; diéu
khién trung tdm; may phay CNC.

1. Pat vin dé

Tai Viét Nam ciing nhu trén thé giéi, may khic CNC
tdc d6 cao ngay cang phat trién va hién dai hoa. Kéo theo
d6 nhu cau str dung, hoc tap nghién ctru va gia thanh cua
may CNC hién dai cling tang cao [1]. Cac may router hién
nay dugc st dung chu yéu dugc nhap vé Viét Nam tur
nudc ngoai vai kinh phi kha cao cho may ¢6 do chinh xac
va tde do cao. Vi vay dé ngudi day va hoc c6 thé tiép can
v6i may CNC ¢6 d6 chinh xac cao doi hoi Nha trudng can
phai dau tu trang thiét bi v6i gid thanh rt cao. Nhom
nghién ciru tién hanh xay dung mot san pham may khic
téc do cao diéu khién sé phuc vu cong tac giang day, hoc
tdp va nghién ciru khoa hoc (NCKH) cua sinh vién.
Nhung van c6 d¢ chinh xac cao véi gia thanh thap hon so
v6i cac san pham ciing loai trén thi truong. Sau qué trinh
nghién ciru nhom tac gia da thong nhat va quyét dinh thuc
hién nghién ciru “Nghién ctru 4p dung bd diéu khién da
nhi€ém H7K-A vao may khéc router diéu khién sé, phuc
vu giang day va nghién ctru khoa hoc tai cac truong ky
thuat Pai hoc Pa Nang”.

Trong nganh coéng nghiép gia cbébng, midy CNC
(Computer Numerical Control) 1a mét cong cu quan trong
trong qua trinh san xudt hién nay [1], [2]. Viéc 1ap trinh va

Abstract - CNC router is a machine designed for high-speed
processing and shaping products on materials such as steel, non-
ferrous metals, wood, mica, plastic, leather... the parts of which
operate in a series of events to create products of required shapes
and sizes with the help of computers. The product has high
applicability in the manufacturing industry, especially fine arts...
to reduce manual labor and increase labor productivity. This
article presents the research and manufacture of a small 3-axis
CNC router using the H7K-A multitasking controller. The
researched 3-axis CNC router machine can produce a variety of
products, combining other steps to create a closed and automatic
production line. The results of this study have practical
significance in training and scientific research to master
manufacturing technology and digitize the production process in
the period of the 4.0 industrial revolution.

Key words - Router engraving machine; numerical control;
automation; central control; CNC milling machine.

diéu khién may CNC 1a mét cong viéc doi hoi sy tap trung
cao d6 va kha niang xir 1y nhidu thong tin cing mot lic.
Ngoai ra, trong qua trinh gia cong, cac yéu té nhu 4p luc,
tdc do, do chinh xac, d6 6n dinh cling can duge diu khién
va giam sat ¢& dam bao chit luong san pham khi router &
tdc do cao [3].

Tuy nhién, hién nay cac may CNC router thuong chi
dugc diéu khién bang mot bo diéu khién don nhiém, giy ra
nhiéu kho khan trong qua trinh van hanh va kiém soat. Dé
giai quyét van d& nay, nghién ctru 4p dung bo didu khién
da nhiém cho may CNC router dugc dua ra nham tdi wu
hoa qua trinh san xuét va dic biét dam bao chit luong séan
pham gia cong c6 d¢ chinh xéc cao.

Chu dé nghién ctru 1a 4p dung bd didu khién da nhiém
H7K-A cho may CNC router, nham néang cao hiéu suét
va d¢ chinh xéc ctia qua trinh san XUAt. Viéc ap dung bo
diéu khién da nhiém cho may CNC duoc xem la mot giai
phap tién tién, gitp téi wu hoa qua trinh san xuét va tang
cuong chét luong san pham. Tuy nhién, dé dat duoc két
qua cao nhat, can phai dua ra cdc phuong an nghién ctru
va thyc nghiém thich hop, dong thoi dam bao cac yéu cau
vé nhan lyc, tai chinh va nguyén vat liéu khi tao san pham
cong nghé.

1 The University of Danang - University of Science and Technology, Vietnam (Thi Minh Tu Bui, Quoc Thai Pham,

Minh Truong Truong)

2 The University of Danang - University of Technology and Education, Vietnam (Tan Thong Ngo, Le Chau Thanh Nguyen)


mailto:ntthong@ute.udn.vn

ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE - DAl HOC DA NANG, VOL. 22, NO. 7, 2024 13

2. N¢i dung chinh

“Nghién ctru 4p dung b¢ diéu khién da nhigm H7K-A
vao may router dicu khién so phuc vu giang day va nghién
ctru khoa hoc” 1a mét nghién ctru mang tinh tng dung cao.
Véi muc dich 1a thiét k@ va ché tao mot may khac 3 truc dé
phuc vu cho cac nhu cau hoc tip va nghién ciru khoa hoc
phuc vu cho sinh vién va giang vién.

May khic 3 truc c6 thé dugc st dung dé gia cong cac
chi tiét tir vat liéu go, nhya, nhém, dong... May duoc trang
bi bo diéq khién da nhi¢m H7K-A cho phép van hanh linh
hoat va dé dang.

2.1. Thiét ké mdy khdc CNC router 3 truc
2.1.1. Yéu cdu ky thudt

Muc dich ctia nghién ctru nay 14 tao ra mot may khéc
tdc do cao 3 truc co kha nang gia cong trén cac vat liéu
khac nhau véi d§ chinh xac cao va d¢ tinh xao dap
ng duoc cac yéu cdu cia san phdm cong nghé. May s&
duogc 1ap trinh va diéu khién boi bo didu khién da nhiém
H7K-A, dam bao tinh linh hoat va hiéu qua trong qua trinh
gia cong. Muc tiéu cia nghién ciru 14 tao ra mot san phdm
chét luong cao va dap g nhu cau hoc tip va nghién ctru
cua sinh vién.

[}

Hinh 1. So dé déng ciia may

1. Dgng co 1; 2. Vit me ddn déng truc X; 3. Khung may;

4. Vit me dan dong fruc Y; 5. Ban lam viéc; 6. ?éng co 2;

7. Bong co 3; 8. Cum dau truc chinh; 9. Vit me dan dong truc Z

Véi nhu cau 1a phuc vu hoc tap va nghién ctru vay nén
may s€ c6 nhitng yéu cau k¥ thuat nhu sau:

- May c¢6 hanh trinh lam viéc t8i da: 200 x 200 x 100 mm;

- B cing vitng cia may phai ddm bao cho viéc gia
cong cac vat liéu: go, nhya, nhom, dong, mica...

Vi bo diéu khién trung tdm 1a bo diéu khién da nhiém
H7K-A cung vai Driver servo sé diéu khién 3 truc X, Y, Z
két hop véi mod to cong suat 400W s& dap (rng du nhu cau
ma muc tiéu dé ra.

Hinh 2. Dang sin phdm muc tiéu

2.1.2. Thiét ké két cdu cdc cum truc chuyén dong

Yéu chu cua may CNC la cac cum truc chuyén dong X,
Y, Z phai c6 d6 cimg vimg dé dam bao an toan trong viéc
di chuyén ciling nhu chéng lai tdc dung cua luc cit dugc tao
ra & dung cu. Trén co sé do, vat liéu cac cum truc la cac
thanh thép dwoc nhom tac gia st dung. Céc chi tiét dugc
do dac voi sy trg giup cua thiét bi dién tir va tinh toan ky
ludng dé dam bao tinh chinh xéac cao.
2.1.3. Tinh chon déng co truyén dong

Pong co mo to dién va thiét bi truyén dong dién 1a cac
thanh phﬁn 6 thé tao ra luc quay, diéu khién tbc do va
mo men hong qua cic bo phan truyén dong dé nang tai,
di chuyén vt thé va nhiéu hoat dong co khi khac.
Servo motor mang cho cho nguoi dung rat nhiéu loi ich khi
sir dung nhu: Diéu khién téc do, vi tri va mo-men vo cung
chinh xac. Mé-men sé& khong doi trong khoang toc do tir
0 cho t&i mirc tbe dd dinh mire. Cho nén céac servo thudng
dung trong nhitng tng dung mé-men cao & toc do thap.
Dé diéu khién cac truc chuyén dong trong may khéc co te
d9 cao, nhom tac gia st dung cac dong co Servo. Dya vao
kich thuéc va diéu kién 1am viéc cia may nhom tac gia da
chon dugc cac dong co co6 thong s6 duoc thé hién ¢ Bang
1, va hinh anh déng co dugc sir dung thé hién & Hinh 3.
Loai dong co HF-KN13 14 loai dong co kha phd bién
hién nay va con tuong thich v6i Driver MR-JN-10A,
dap ung cac yéu cau vé kha niang truyén tai va diéu
khién cho mé hinh may CNC Router ma nhém tic gia
thuc hién.

Bing 1. Théng sé ky thudt ciia dong co Servo

Loai Kich | Md men |Cudng d| Hi¢u | Téc dd
dong co | thwéc xoan |dong dién|dién the| quay
77 x 60 x 3.000
HF-KN13 112 0,95Nm | 0,8A [200VAC vong/phat

Hinh 3. Béng co Servo HF-KN13 va
AC servo driver MR-JN-10A

2.1.4. Thiét ké phwong dn truyén dong cho 3 cum truc di
chuyén

Trong qué trinh lam viéc, may két hop chuyén dong
cua3trucX,Y,Z dé tao chuyén dong cét nén doi hoi tinh
on dinh va do chinh xac cao, do d6 b truyén vit me-dai
dcbila bo truyén chuyén dong choca3 truc X, Y, Z dugc
lya chon trong nghién ctru nay. Viéc tinh chon bd truyén
vit me-dai ¢ bi dua vao nhiéu yéu t6 khac nhau: gia thanh
trén thi truong, thong s6 cua dong co, ché do cat khi gia
cong trén cac vat liéu khac nhau... Thong sb ché do cat
khi gia cong cac loai gd thong thuong duge thé hién qua
Bang 2 [4].
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Bing 2. Thong s6 ché dg cat

Chidu siu cit Vén tée ¢it V| Vén toc chay dao F
t(mm) (m/ph) (mm/phat)
0,5 18 <330
1,0 18 <315
1,5 18 <275
0,5 22 <340
1,0 22 <330
1,5 22 <310
0,5 26 <350
1,0 26 < 340
1,5 26 <335

Dua vao nhiing sé liéu & bang trén, két hop véi thuc té
thi truong thi ¢6 2 loai bg truyén vit me dap ng duoc yéu
cau d¢ ra do 1a b truyeén vit me T8 (budc 8mm) va T2
(bude 2mm), d€ tiet kiém chi phi va dam bao kha néng hoat
dong cua may nhom nghién ctru da chon bd truyén vit me
T2. Ngoai bg truyen vit me- dai oc bi T2, ta can ¢6 céc tru
dan huong dé dam bao d6 chinh xac, d6 cimg ving khi di
chuyén véi toc d6 di chuyén cao.

2.1.5. Tinh chon dong co truc chinh

- S6 vong quay truc chinh dong co:
Nmax = 12.000 vong/phut

- Tdc d6 chay khong tai:
V()max = 2000mm/phfjt

- Téc do cit 16n nhét:
Vmax = 1.000mm/phut

- Puong kinh dao phay 16n nhat
Dmax = 5 mm = B (bé rong cit)

- Chiéu siu cét 16n nhat: t = 5mm.

- Hé s6 an toan: 2.

Luc cit duge xéac dinh theo cong thirc [5]:
10.Cp.t*.s) .BY.Z
PZ = qu# . kmp (N)
Trong do:

- Pz Luc cét;

- Z: S rang dao phay;

- n: s6 vong quay cua dao, vong/phut.

Vmax 1000

_SZ = =

Zn 49000

- Cp va céc s6 mil — tra trong Bang 5-41 [5], dya vao vat
liéu gia cong va vt liéu dao cat, chon: Cp = 68,2; x = 0,86;
y=0,72;u=1;9=0,86; w=0.

- kmp 12 hé s6 diéu chinh cho chénh léch vét li¢u gia
cong. Doi v6i nhdm kmp= 1.

Thay vao ta co:
10.68,2.5%86.0,021%72.51 4 _

=085 120000 .0,25(N) = 211,079(N)
Van téc cit duge xac dinh theo cong thire [5]:
_ Cy.D1 v
T ormixs) pugzp’

Theo Bang 5.39, 5.40 [5], chon:

= 0,021, S; goi la lvong chay dao

P, =

-Cy=1335, m=033;x=0,3;y =04; u=0.1,
qg=045;p=0,1;

- T — chu ki bén cia dao, T = 20;

- ky - hé sb diéu chinh chung cho tbe do cat;

= k\/ = km\/.knv.kuv = 0,80,90,6 = 0,432 (Béng 54, 55,
5,6 [5]);

Thay vao ta cé:

V= 133,5.6%45
- 1200'33.50'3.0,0210'4.60'1.40'1 "

0,432 = 47,54(m/p)

Cong suét cit got:
PV 211,079,47,54
t€ ™ 102060~ 1020,60
Cong suat dong co truc chinh: N = 2. N = 0,327kW.
Trén co so 1y thuyét, ¢ dam bao va tiét kiém chi phi ta
chon dong co co cong suat 400W.

=0,1639 kW

Thong s6 ky thuat:

- Pién 4p 1lam viéc 12VDC — 48VDC.

- Cong suét: 400W.

- Cudng d6 dong dién tdi da 8A.

- Téc d6 quay 1én téi 12.000 vong/phit.
- Momen xo&n: 0,5Nm.

Hinh 4. Ddng co truc chinh 400W

2.2. Thiét ké hé thong diéu khién
2.2.1. Hé thong diéu khién

H¢ thong diéu khién 1a mot trong nhimng thanh phan
chinh cia may CNC router va dong vai trd quan trong trong
qua trinh gia cong cac chi tiét. HE¢ thong nay chiu trach
nhiém diéu khién tat ca cac hoat dong cia may, tir viéc dinh
vi dén di chuyén va thao tac cat.

Hinh 5. Hé théng diéu khién mdy CNC router

1. Driver truc X; 2. Driver fruc Y, 3. Driver truc Z,
4. M6 to truc chinh; 5. Bé nguén; 6. Controler; 7. May tinh
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Nho vao hé théng diéu khién cang hién dai, cac hoat
dong gia cong trd nén chinh xac hon va hiéu qua hon. Hé
thong nay cho phép may khac thyc hién cac thao tac cat
trén nhi€u loai vat liéu voi d6 chinh xdc cao, giup dam bao
tinh chinh x4c va d¢ tin cay trong qua trinh san xuat.
2.2.2. Bg diéu khién da nhiém H7K-A

B6 diéu khién da nhiém H7K-A ¢6 nhiéu wu diém ndi
bat nhu [6], [7]:

- Téc do cao va do chinh x4c cao.

- Hb trg dén 4 tryc dé dap tng nhu cau gia cong da
chuong trinh.

- C6 tinh nang Macro Form Tool Probe va Nano
Interpolation.

- Ho tro cac loai may khic nhau nhu may tién, may
phay, may khac, may tién-phay.

- Co tinh nang Direct Numerical Control (DNC) cho
phép diéu khién tryc tiep tir USB ma khong can chuyén file
tir USB vao bd nhé trong ctia bo dicu khién.

- Co6 tinh nang Permission Management cho phép
nguoi xay dung CNC kiém soat cac thiét 1ap cia nguoi
dung cuodi.

- C6 tinh nang Macro Program Develop Feature gitp
phat trién chuong trinh Macro d¢ dang hon.

- Thiét ké gon nhe va ¢6 kha niang chéng lai ddu m& va
bui ban trong qua trinh van hanh véi ty 1€ hong thap.

- M6i truong giao tiép than thién, b tri cac phim chirc
nang tién dung rat de thao tac.

R CE
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Hinh 6. B diéu khién da nhiém H7K-A
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3. Két qua thyc hién va ban luin
3.1. Két qud thuee hign

Sau tinh toép dug trén cac di?;u kién chinh vat liéu,
ddc thu san phdm can mong muén cho gia cong CNC
toc d0 cao. Nhom nghién ctru da thyc hién dugc cac ndi
dung sau.

Céc thong sb ban dau:

- Kich thuéc ban may: 405mm x 240mm x 200 mm

- Kich thudc phéi gia cong 16n nhat: 240mm x 200mm
x 100mm.

-Tinh toan so bd ta chon kich thudc khung dé, dai
600mm(dai) x 400mm(réng) x 230mm(cao).

Hinh 7. Thiét ké may mé phong CNC Router
28. Vit co dinh; g4. Khop noi truc; 31. Truc vit me;
31. Bulong lién két; 47. Bulong khoa mé to truc chinh

Hinh 8. Thiét ké 3D CNC Router

3.2. Gia céng lip rdp mdy CNC Router

Dura vao kich thuéc ban may du tinh ban dau, tinh toan
thiét ké khung ban may bang phwong phap lip ghép. Vat
liéu 1am khung 1a thép hop chir nhét c6 d6 day 1,4mm, stir
dung thép hop dé dam bao tinh ctng ving va trong luong
toan ban may khong qua 16n. Két ndi didu khién, giao tiép
trén bo diéu khién da nhiém H7K-A [7].

Hinh 9. Két néi H7K-A vao CNC Router
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Hinh 11. San phdm chay trén CNC Router ché tao

Sau khi tién hanh gia cong cac linh kién co khi, tién
hanh cong tac lép dat két ndi cac bod phén lai v4i nhau &
Hinh 9, thiét 1ap tham s6 cho bo diéu khién H7K-A. St
dung phan mém Cad/Cam thiét ké mau va xuat code gia
cong nap vao bg diéu khién va tién hanh gia cong san pham
mau hinh hinh 10, thiét 1ap diém gdc chay chuong trinh gia
cong, két qua san pham sau khi gia cong dugc thé hién trén
Hinh 11.

O Bang 3, cac tiéu chi dugc dé ra bao gom tdc do quay
cua truc chlnh n(vong/phtt) va budc tlen dao F (mm/phut)
duoc xac 1ap va dap ung tuong dbi tot véi sai s6 thap, cho
thay co cu diéu toc va hé thong phan hoi ciia b diéu khién
lam viéc kha tin cdy, sai so toc do khong vuot qua 150
vong/phut khi thyc hién & toc do cao trén 10.000 vong/phut
di kém sai s6 budc tién dao khong dang ké. Cac gia trj thé
hién tinh twong dong gilta mau gia cong dugc tao ra cho
két qua tot, sai s hinh dang va chat lugng bé mit dam bao
cho san phdm my nghé ding & vat liéu phi kim loai.

Bing 3. Bing kiém tra san pham méu gia cong

STT| Tiéuchi | Ly thuyét | Pap ing Sai b
, n:12.000 | n:11.850 | Saisé toc do dao
1 Toc d@6: | vong/phut | vong/phut dong 150
n F F: 600 F:599 | vong/phut; busce
mm/phat mm/phdt | tién lmm/phuat
N .| Dotronhodc |, .« Khong qué
2 |Hinh dang d6 phing Dép tng tot 0.01mm
3 Cha;c lus_mg Bf') nl?amAbe Pam bio I%hong;dmgNke chf)
bé mat | mat gia cong san pham m§¥ nghé.

4. Két luin

Nhom téc gia da hoan thanh nghién ctru 4p dung bd
diéu khién da nhiém H7K-A vao may khic CNC Router
diéu khién sé phuc vu giang day va nghién ctru khoa hoc
tai cac truong k¥ thuat, Pai hoc Pa Nang. M6 hinh may
CNC Router st dung bd diéu khién H7K-A, va dong co
Servo HF-KN13 két hop Driver MR-IJN-10A hoat dong
tdt va on dinh. Sau qua trinh chay thir, san pham ma may
tao ra c6 d6 chinh xac cao dat dung yéu clu d ra cua du
an. Vi viée tong hop kién thirc tir nhiéu ngudn tai liéu
tham khao ciing nhu sy hd tro tir ddng nghiép, nhém tac
gid da hoan thanh muc tiéu cua nghién ctru. Dy 4n c6 y
nghia thiét thuc nham phuc vu hoc tap va nghién cuu tai
Truong 1a co so 1y thuyét dé ap dung vao thuc tién cho
may CNC Router c6 kich thudc ban 16n h trg gia cong
cac chi tiét co6 do chinh xac cao.
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