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NGHIEN CUU UNG DUNG PHAN MEM CAD/CAM PE
LAP TRINH CHAY DAO TIEP TUYEN THEO BIEN DANG
CHO MAY CAT TAM PHI KIM LOAI

Nguyén Vin Huwéng?, Vii Hoang*

Tom tat: Nhu cdu sir dung cdc tam vit liéu phi kim loai nhw da, gidy, nhua, cao su, g Ia rdt 1ém nén doi héi

phdi siz dung cic mdy CNC ¢é dé chinh xdc va nang sudt cao. Tuy nhién, trong nwéc chwa cé cong bé lién
quan dén viéc diéu khién dao tiép tuyén ma hau hét 1a cAc may cdt dwoc mua san. Bai béo trinh bay két qua
nghién cieu ché tao mé hinh may cat CNC 4 truc, sit dung phan mém Mach3, Inkscape dé diéu khién va ldp

trinh gia cong tu dong.
Tir khéa: dao tiép tuyén, may cat CNC

1. PAT VAN PE

C4c tam phi kim loai nhu da, cao su, gidy,
nhya, vai... dugc tmg dung rat nhiéu trong nganh
quang cao, cong nghiép bao bi, dét may, da gidy,
nghé thuat dd hoa, thu cong my nghé, co khi,...
C6 nhiéu phuong phép cit cac vat liéu nay nhu cat
bang tia laze, cit thu cong, cat trén khudn dap, cat
bang dao trén may cit diéu khién s6 CNC. Phuong
phap cit bang dao trén may cit CNC c6 thé cat
duong thing, duong cong bat ky, mép phang nhin,
sach khong bi chay do nhiét boi tia laze.

dudng chay dao

O X

Hinh 1. Puong chay cia ludi dao

D¢ cit bang dao thi phai diéu khién chay dao
tiép tuyén véi bién dang cat (hinh 1). Gia su
duong cat co phuong trinh 12 y = f(x), theo tinh

Y Khoa Co Khi, Truong Pai hoc Giao thong van tai
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chat duong tiép tuyén tai mot vi tri bat ky A(x,y)
dao phai quay mot goc uw —wrely [¥') trong do
%' 1a dao ham ciia ham sé y = f(x). Do dé néu
viét dugc phuong trinh duong chay dao thi ta s&
xac dinh dugc gia tri goc quay tai vi tri bat ky
trén duong cat. T d6 ta c6 thé xay dung thuat
toan chay dao cho mot dudng cong cu thé. Dé
don gian hon tac gia st dung phan mém Inkscape
cho phép xuit toa do lap trinh (gcode) cho moi
duong cong.

2.NOI DUNG

2.1. Ché tao mé hinh may cit CNC 4 truc

Két qua san phérn may dugc ché tao thé hién trén
hinh 2. Céc thong sb k¥ thuat cia may duoc thé hién
trong bang 1.

Pdc diém cdu tao Va lam viéc ciia mdy: May
gom 2 phan chinh 14 phan co khi va phan diéu
khién. Phan co khi dugc ché tao bang hop kim
nhdm bao gém 4 cum truc XYZA. Cum XYZ
dong vai tr0 diéu khién 3 truc tinh tién cia may
gidng nhu may phay cnc 3 truc con truc A dung dé
diéu khién quay ludi dao. Cum dao cit bao gém
phan g4 dao va ludi dao (tac gia st dung ludi dao
cat gidy) (hinh 3). Theo hinh 3 Iudi dao 4 duoc
dinh vi bang mit phang ciia than s6 2 va tam dinh
vi s6 3. Vi tri cia miii dao (hinh 3b) cach tam truc
quay s6 1 khoang S tly thudc chiéu day phdi h va
goc a. Theo hinh v& S = h. cotga. V&i mdi goc a
cta ludi dao khac nhau s& ¢ 1 chi tiét s6 3 khac
nhau dé dinh vi.
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Hinh
A

:
I

36

20

A

Bo phan diéu khién (Ta Duy Liém, 1999) gém cb
may tinh, ngudn dién 1 chiéu, driver dong co (mach
diéu khién dong co), board mach CNC Mach 3 ( Mach
dém). Phoi tAm phi kim loai duoc dit trén ban may,
dong co 2,3,4 quay dé di chuyén cum dao cit s6 8 dén
toadd can gia cong, dé quay dao theo bién dang duong
Cit sur dung dong co s0 7. Cac truc X, Y, Z, A dugce

C
TS

1/ 2
a,

| - Ban mdy

2- Déng co bude
fruc X

3- Pgng co bude
truc Z

= 4 Déng co buée
fruc ¥

3- Til dién ctia
mdy

6- Mdy vi tinh cdi
phdn mém Mach3
7- Péng co buée
truc A

8- Cum dao cdt

2. May cdt tam phi kim logi bang dao

b,

Hinh 3. Cum dao cat: 1 - Truc quay dao;
2 - Than; 3 - Tdm dinh Vi dao; 4 - Ludi dao

dan dong bang bo truyén vit me dai ¢ bi.

Bang 1. Cac théng s6 ky thuit ciia may ché tao

STT

Céc théng sé

Giatri

1

Kich thuéc
phoi cit t6i da

340 x 220 (mm)

Trong lugng
phoi tbi da

2 (kG)

Vit liéu gia
cbng

Giay, nhua, da nhan tao,
xdp ¢6 chiéu day nho hon
0,5 (mm)

Kich thuéc
ban may

460x340 (mm)
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2.2. Ung dung phin mém inkscape dé lap
trinh chay dao

Inkscape la phan mém ma ngudn mé chuyén sir
Iy d6 hoa vec to. Phan mém c6 wu diém d& sir dung,
¢6 kha nang xuat chuong trinh gia cdng ma G-code
cho cac may CNC. Inkscape rat phi hop dé thiét ké
chinh sira cic bién dang 2D phiic tap nhu chir viét,
hoa van.Vi viy Inkscape phl hop dé tao chwong
trinh gia cdng cho may cit gidy, nhua.

File Edit View Layer Object Path Text Filters Extensions Help
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Hinh 4. Giao dién ciia phan mém Inkscape

"] CHU K_0001 - Notepad
File Edit Format View Help

i

(Header)

(cenerated by geodetools from Inkscape.)

(Using default header. To add your own header create file “header” in the output dir.)

(Header end.)
G21 (all units in mm)

(spare curting path id: patnizeo)
(change tool to Tangent knife)

GO0 25, 000000
GO0 x43.980897 Y66.725664

GO1 A-1.12079140145
GO1 z-0.125000 F100.0(Penetrate)

GO1 X65.248407 ¥22.699123 2-0.125000 F400.000000

GO1 A-1,11952158077

GO3 X70.177241 ¥13.706794 z-0.125000 I92.096640 J44.632632 A-1.01928086947
GO1 A-1.01928086947

GO3 X73.006370 Y10.088493 z-0.125000 I17.487442 J10.758139 A-0.795105972745

GO3 X75.592040 Y8.268729 7-0.125000 16.542612 J16.551391 A-0.441472101497
GO1 A-0,441472101497

GO3 X77.999996 Y7,728604 Z-0.125000 12,407056 15.093435 A-5.3290705182e-14
GO1 A-1.57079632679

GOL X77.999996 ¥5.000007 z-0.125000

GO1 A-4,71238898038

GO1 X46.522292 Y7.728604 Z-0.125000

GO1 A-6.13613303755

GO3 X49.321923 Y8,489742 z-0.125000 I-1.799351 J12.147805 A-5.89932835694
GOL A-5.89932835694

Hinh 5. Phan chirong trinh gia cong sau khi xudt
Gcode trong Inkscape

—]

]
o [
al \a

/\4 1
Ny \H

Hinh 6. So'd6 lec do luéi dao tac dung 18n pdi
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Trinh ty thuc hién trong Inkscape: Budc 1:Thiét
lap kich thudce, chon kich thude khd gidy; budc 2:
chon file dé thiét ké; budc 3:Tach mau cua file va
lay bién dang gia cong; budc 4: Chinh stra bién dang
gia cong dugc nhu hinh; budc 5: xuét file G-code;
bude 7: chinh stra chuwong trinh cho phu hop. Vi du
chuong trinh dé cét chit K nhu hinh 5. Gia trj cua
géc quay trong hinh 5 theo don vi rad. Chiéu day
phoi duge diéu chinh théng qua toa d6 Z, duoc cai
dat trong phan mém.

2.3. Thir nghiém may

2.3.1. Anh hwéng ciia géc lwéi dao a, chiéu day
phoi h

Ap dung tuong tu truong hop cit trén may cit
dao nghiéng (Nguyén Mau Dang, 2004) nén lyc cit
~ L3 kEor

tinh nhu sau P ={1,1 = 1,3]

Trong d6 P - lyc cét; 7, - tro luc cat vt liéu phoi;
h - chiéu day phéi; a - goc nghiéng ludi dao.

Ta c6 thé moé ta so d6 luc do ludi dao tac dung
1én phdi nhu hinh 6, trong d6 Py - luc day phoi; P, -
luc gilt phoi khi cit; P luc cét; N phan lyc ; R téng
hop luc cua P va N. Theo hinh 6 ta c6

R=——; P, =Psinlz+5);

oemi "
B, — Rocoslu+ g
o+ 84+ =904 Tudo tarut ra:

Fmalets] oo\t 5]
fy=————— =
u sitgh n sivgll
Thay biéu thirc ctia P véo ta duoc:
(11+151050 vrpasinlet ] Asimiuts)
Py = .-IT. = i (1)
LT e rrarinl!
(1113050  prwruwalet®]  Asos x+P|
= = 2
Ee- teraatnld tcain ( )
P
;tirdo co :‘1— tg (o — ) 3)
Trong d6 A= (1,1 + L3105k a, 4
T+ fi + § — 51" ;. §— g6c ma sat, gan dung c6
thé coi f =¥, do do: =+ #ji — =07 (5)

Béang 2. Sy phu thudc cia Py, P t
heo goc a véih = 0,1 mm

a(dé) Iy n ;:
25 3.049779 1.942923 1.569686
30 2.718 1.569238 1.732051
35 2.485563 1.293902 1.920982
40 2.315486 1.079729 2.144507
45 2.187277 0.906 2.414214
50 2.088699 0.760224 2.747477
55 2.012022 0.634388 3.171595
60 1.952159 0.523079 3.732051
65 1.90566 0.422475 4510709
70 1.870145 0.329757 5.671282
75 1.84396 0.242762 7.595754
80 1.825977 0.159752 11.43005
85 1.815461 0.079265 22.90377

Téc gia tién hanh thyc nghiém véi chiéu day phoi
lan lugt h = 0,1 (mm); 0,2 (mm); 0,4 (mm) V&i vat
ligu 1a gidy A4.

Trwong hop 1véih=0,1 co 7, = 1510 (MN/m?)
(Tra ctru, phan loai hang hoa - Tong cuc Hai quan
Viét Nam, 2013) thay vao (1), (2), (3),(4),(5) ta cd
bang 2 va hinh 7

25

20

=
un

Lue cit (N)
=
Q

A

wn

\

Lwrc Pd
Lwc Pn
Ty 56 Pd/Pn

—

——

5 1015202530354045 505560657075 8085

Goc i dao ( d)

Hinh 7. D6 thi luc cdt theo goc ludi dao voi h = 0,1 mm
Trwong hop 2 véih = 0,2 ¢6 v, = 2070 (MN/m?)

Tuong tu ¢6 hinh 8

25

20

Lre cit (N)
5 I
T

Luwc Pd
Lw'c Pn
Ty s8 Pd/Pn

.- Ea

x(da) P i, P
5 11.30118 10.35563 1.091309
10 6.123446 5.138181 1.191754
15 4.406515 3.381238 1.303225
20 3.554967 2.489215 1.428148

|

5 1015202530354045505560657075 8085
Goc lrii dao ( dd)

Hinh 8. B6 thi luc cdt theo goc ludi dao voi h = 0,2 mm
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Truwong hop 2 véih = 0,4 ¢6 = = 3060 (MN/m?)
Tuong tu ¢ hinh 9

25

o
\

-
un

77

Lirc cit (N)

Lwc Pd
Lw'e Pn
Ty s6 Pd/Pr

5 1015202530354045 5055606570758085
Gac lwdi dao (dd)

Hinh 9. Dé th liee cdt theo géc ludi dao véi
h=0,4 mm

Nhu vay theo bang 2 va hinh 7, hinh 8, hinh 9 ta
thdy voi goc a cang nho cang d& cit va phoi it bi
trugt hon do luc cat do dao tac dung 1én phdi lon, P,
g6p phan tao luc kep phoi.. Khi ting goc ludi dao ty
s6 Pd/Pn tang 1én rat nhanh 1am phdi d& bi trugt anh
huong dén chit lugng san pham cat. Chiéu day phoi
cang I6n luc cit cang ting lic d6 phai chon dao co
goc ludi dao nho hon khi cit tim mong

Khi h nho nén chon &= 5° — 20° (hinh 7)

Khi h 16n nén chon 2= 20° — 60° (hinh 9)

2.3.2 Cich diéu chinh khi cdt bi lem va va dao
vao bé mdt bién ngoai

Khi bién dang chi tiét co tiép tuyén tai diém cat
thay di lién tuc (cit dudong gip khuc), bién dang tai
diém cit 1a diém dimg (thuong 1a goc vudng-lién tuc
nhung khong c¢6 dao ham) thi phdi tim bj cit lem

<P, 8 —

Hinh 11. Cdrt dwong tron va chiz C

4. KET LUAN

Két qua cua bai bao 1a d tmg dung duoc phan
mém Inkscape va Mach 3 dé diéu khién chay dao
tiép tuyén theo bién dang cit thong qua viéc ché tao
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(hinh 10). Theo hinh 3 khoang diéu chinh dao
S=h.cotgm do d6 khi goc ludi dao = cang Ion S cang
giam nén d6 lem sé& it hon. Khi cat tim cang day h
I6n thi S 16n nén muc d6 lem 16n. Dé khic phuc hién
tuong ndy ta c6 mot sd giai phap nhu sau:

1a ludi dao
e i e

S

~

Hinh 10. Duwong chay cua ludi dao
khi cct hinh vudng

Khi cat cac tim day khong nén cit véi goc ludi
dao qua nho dong thoi phai ting luc kep phoi. Sau
khi d& xuit gcode tir inkscape ta chinh st lai
chuong trinh dé dén chd diém dimg Iudi dao nhéc
lén khoi phoi sau d6 quay dao rdi ha xudng cit
duong tiép theo. Cat hinh vudng, hinh gip khic ta
c6 thé chinh sira lai chuong trinh mgt cach don gian
1a cac duong thing.

Khi cét tim c6 h 16n do S 16n nén dé va dao bién
dang bén ngoai hinh cit din dén c6 thé gdy dao khi
quay do d6 ta chon goc ludi dao 16n dé S nho

2.3.3 Mgt s6 hinh cit minh hoa

a, Vit tigu: Bia gidy A4

b, Vit ligu: da nhin tgo

Hinh 12. Cdt hinh chit K véi vit liéu gidy va da nhan tao

md hinh méy cit tAm phi kim loai; chon duoc vi tri
phi hop cua Iudi dao dé dam bao qua trinh cét
thuan loi nhat gop phan nang cao chat lugng san
pham. San pham cta dé tai 12 mé hinh may s& duoc
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st dung tai liéu phuc vu giang day mon Gia cong  thé img dung cho nhiéu loai may cit nhu cit gidy,
trén may CNC cho sinh vién khoa Co Khi truong  Vvai, nhya, xép,
dai hoc Giao thong van tai. Két qua cua dé tai co

TAI LIEU THAM KHAO

Nguyén Mau Dang , (2004), Cong nghé tao hinh kim logi tam, Nha xuat ban Khoa hoc k¥ thuat.

Ta Duy Liém, (1999), Hé thong diéu khién sé cho cdc mdy céng cu, Nha xuat ban Khoa hoc k¥ thuét.

Tra ctru, phan loai hang hod - Tong cuc Hai quan Viét Nam (2013), Gidy va cactdng, Cac san phdm 1am bang
bét gidy, bang gidy hodc bang cictong.

Abstract:
RESEARCHING INTO APPLYING CAD/CAM SOFTWARE TO PROGRAM
TO RUNNING THE KNIFE THAT ALWAYS MOVES TANGENT TO
THE CURVE FOR NON-METALLIC SHEET CUTTING MACHINE

The demand for using non-metallic materials such as leather, paper, plastic, rubber, and wood is very high,
so it requires the use of high-precision and high-performance CNC machines. However, there has been no
announcement in the country regarding the control of tangent knife, but most of them are available. The
paper presents the results of research on manufacturing 4-axis CNC cutting machine model, using Mach3
and Inkscape software for automatic control and programming.

Keywords: tangent knife, CNC cutting machines
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