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MOT GIAI PHAP THIET KE VA LAP TRINH GIA CONG CAC BIEN DANG

PAC BIET BANG CONG CU CAD/CAM
A SOLUTION FOR DESIGNING AND MANUFACTURING THE SPECIAL CONTOURS
BY CAD/CAM TOOLS

Tém tit

Gia cong cdc chi tiét dang cam phdng, cdc banh
rang ddc biét... co bién dang la duwong Acsimet,
hipéxicléit, épixicléit...theo phwong phdp truyén
thong thuong rdt khé khan, bién dang chi tiét cé
do chinh xdc khong cao.

Bai bao trinh bay mot phuwong phap gia cong,
theo do trueée hét phai thiét ldp phwong trinh mé ta
bién dang chi tiét, sau dé sir dung cdc phan mém
SolidWorks, Mastercam dé vé, lgp trinh, gia cong
trén may CNC. Két qua thu dwoc chi tiét ¢é do
chinh xdc cao. Pdy la phwong phdp tién tién, diing
vOi cong nghé san xudt hién dai.

Tir khéa: Thiét ké, bién dang, ldp trinh NC,
gia cong.
1. Pit van dé

Nhirng chi tiét dang cam phing can ddy, banh
rang trong cac loai bom ddc biét, mat cat budng
hut xyclon loc bui kiéu trong luc. . ..thuong co bién
dang 1a cac duong Acsimet (hinh la,b), épixicldit,
hipoxicloit, duong cong logarit ...
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Hinh 1. Cam, bién dang Acsimet

Viéc gia cong bién dang céc loai chi tiét trén
thuong duoc thuc hién theo phuong phap chép
hinh truyén théng qua cac cam méau. Theo d6 cam
mau duge vé trén co s xac dinh toa do cac diém
thudc bién dang rdi nbdi lai, cach lam nay thiéu
chinh xac.

Véi cach tiép can khac, ching toi thiét lap
phuong trinh mé ta bién dang, sau d6 su dung
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Abstract

Machining flat cam shapes and special
gears whose curves are Acsimet hipoxicloit and
epixicloit,according to traditional methods, often
causes difficulty and is not highly accurate.

The article presents a method of machining,
whereby we must first set up the equations
describing the detailed profiles, and then use
software SolidWorks, Mastercam for drawing,
programming and machining on CNC. The
results brought about high accuracy. This method
is advanced and right with modern production
technology.

Keywords: Design, profiles, programming NC
code, Manufacturing.

cac phan mém CAD/CAM vé& bién dang chi tiét,
tir d6 1ap chuong trinh NC, gia cong chi tiét trén
may CNC. Pay 1a phuwong phap tiép can phan anh
dung cong nghé san xuat hién dai. Phan tiép sau
day trinh bay mot s6 vi du dé 1am rd phuong phap
gia cong.
2. Gidi quyét van dé
2.1. Co s6 toan hoc xdy dwng phwong trinh mé
ta cac dwong cong dac biét

+ M6 hinh héa hinh hoc: Ban chat ciia mé hinh
héa hinh hoc 12 mé ta ddi tuong hinh hoc bdi mo
hinh toan hoc, & day d6i twong hinh hoc 13 duong
cong bién dang chi tiét. V& mat toan hoc, c6 thé bicu
dién duong cong dudi dang: - Phwong trinh an

- Phuong trinh trong minh
- Phuong trinh tham sb.

Vi du: Pudng tron ban kinh r trén mit phing
X —y, tm trung voi goc hé toa do dugc mo ta bdi
phuong trinh:

fixy)=x*+y*-r’=0 ©)

Néu chi xét nira trén duong tron, phuong trinh
(1) dugce viét lai: y=g(x)=(r*-x?)"2 2)
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Ciing c6 thé biéu dién phuong trinh dudng tron
dudi dang: x=r.cos; y=r.singp  (3)

Trong vi du trén, phuong trinh:(1) dugc goi la
phuong trinh an; (2) 1a phwong trinh tuong minh;
(3) 12 phuong trinh tham s6.

Cung vdi cac vi du khac, c6 thé thiy moi mo
hinh hinh hoc déu c¢6 thé mo ta bdi mo hinh toan
hoc, d6 chinh 1a co so toan hoc ctia phuong phap.

2.2. Cic chitc niing thiét ké hién dai ctia phin
mém CAD.

Vi kha nang tinh toan, thiét ké rit manh, phan
mém CAD nhanh chéng xéac dinh, v& bién dang chi
tiét cho boi phuong trinh & dang: an, twong minh,
tham s0.

Dic diém cac phuong trinh mé ta bién dang:

- Phuong trinh an khé thyc hién dugc d6 hinh
tudn tu (khong ndi dugce theo trinh tu toa do cac
diém thudc bién dang) - 1a chirc ning quan trong
ctia dd hoa dién toan.

- Phuong trinh tudng minh d& dang chuyén ddi
thanh phwong trinh 4n hay phuong trinh tham sd.
Nhuoc diém chinh 13 khong thé didu khién dudng
cong khép kin hoic duong thing dung.

- Uu diém ndi bat ctia phuong trinh tham sb mo
ta bién dang vi du: duong cong Ferguson, duong
Bezier, duong B—spline déu ...1a mo ta chinh xéac
hon bién dang chi tiét va dic biét 1a phin mém
CAD dé dang doc va str 1y s6 lidu tir phwong trinh
tham s6. Day chinh 1a 1y do ta chon phwong trinh
tham s6 mo ta bién dang chi tiét gia cong.

2.3. Qui trinh thiét ké va 1ap trinh gia cong
tao hinh theo cong ngh¢ CAD/CAM

Hinh 2 13 so dd qui trinh thiét ké va gia cong
tao hinh theo céng ngh¢ CAD/CAM.
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Hinh 2. Qui trinh thiét ké va gia cong tao hinh theo
cong nghé CAD/CAM
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Diém khac biét co ban so voi cong nghé gia
cong truyeén thong la:

-Viéc tao mau thu cong duge thay bing md
hinh hoéa hinh hoc tir gia tri ciia mau 3D.

- MAu chép hinh dwgc thay biang mé hinh
toan hoc — mé hinh hinh hoc sé.

- Gia coéng chép hinh dwoc thay bang gia
cong diéu khién s6 (CAM).
2.4. Ap dung
2.4.1. Thiét ké va ldp trinh gia cong bién dang cam
xody oc Acsimet

+ Gia cong bién dang chi tiét cam phing can
day c6 bién dang 1a dudng xoay dc Acsimet (hinh
3), budc a=10, R . =50

cOso

Hinh 3. Cam, bién dang Acsimet

Thuc hién theo cac budc:

1. Lap phuong trinh tham s bién dang.

Tu phuong trinh duong Acsimét trong hé toa
dd cuc p=ag, voi chu y duong Acsimét lay du’(‘mg
tron R=50 lam co s& => phuong trinh tham so
duong Acsimet:

xX= Rcosq)+i(pcos¢
2 (1)

y:Rsin(o+%¢)sin¢)

a
voip = 2— @ 1a dd lon budc ung véi goc @
Vs
2. V€ bién dang cam Acsimet
- Khoi dong SolidWorks, chon Sketch, chon
Front plane lam mat co so.

-0 muc Spline, chon Equation Driven Curve,
xuat hién bang sau:

— e | i
i%?'i"r’-"#{ﬁ?r'ﬂ#ﬁ-‘ﬁﬁH i) R
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T P | Eguatios Driven Cerot
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Hinh 4. Bién dang cam
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- Chon @ rFaramemic | tr muc Equation nhap
phuong trinh (1) (da thay s0) vao: x,, y,

- Trong Parameters, nhap goc: t =0, t, =2n
- Chon 4 , thu dugc hinh v€ bién dang cam

Acsimet (hinh 4). Tiép tuc v& hoan chinh cam,
ghi lai file, vi du: (01.DWGQG)

3. Lap trinh NC, m6 phong gia cong
- Khoi dong Mastercam, mo file(01.DWG)

- Tién hanh khai bao may, phoi, dao, thong s6
cong nghé, chon 1énh gia cong (Face, Contour,
Pocket..) phut hop.Viéce thuc hién nhu 1ap trinh gia
cong co ban.

Chi tiét sau gia cong mo phong nhu hinh 5

Hinh 5. Cam sau gia
cong mo phong

Hinh 6. Cam sau gia
cong trén mday CNC

4. Xuét chuong trinh NC gia cong(trich)

(NC FILE - C:\NGOCHAI\MCAMXS5\MILL\0I.NC)
N100 G21; N102 GO G17 G49 G80 G90;

N104 T1

5. Gia cong trén may phay CNC

- Dung chuong trinh NC mdi 1ap, gia cong trén
may CNC, thu dugc san pham (hinh 6)

Nhan xét: So voi phuong phap gia cong chép
hinh truyén thong, san pham cé:

- Bé mit gia cong chinh xac, tinh xao hon.

- Sai s6 kich thudc, hinh dang, vi tri twong quan
gitra cdc mat nho hon do khong phai st dung cac
cam chép hinh...

- Thoi gian thyc hién thyc hién quy trinh thiét
ké, gia cong tao hinh giam.

2.4.2. Thiét ké, ldp trinh gia céng bién dang cdp
banh rang xicloit.

+ Cho mot cdp banh rang xicloit cua bom
“Root”(hinh 7a). Viét chuong trinh NC, mé6 phdng
gia cong bién dang chi tiét, biét cung A1B, cung
C3D la duong hipoxicloit, cung B2C, cung D4A 1a
duong épixicloit.

Hinh 7a. Cdp bdnh rang xicloits
Thuc hién theo cac budc:
1. Lap phuong trinh tham sb bién dang

Trén phuong dién toan hoc, duong épixicldit,
duong hipdxicldit 13 quy dao cia mot diém thude
mot dudng tron khi duong tron do6 1an khong truot
trén mot duong tron ¢ dinh khac. Puong tron lin
goi 1a duong tron co so, duong tron ¢ dinh goi la
duong tron dinh hudng.

Néu hai duong tron tiép xuc ngoai thi quy
dao cua diém 1a duong épixicldit, néu hai duong
tron tiép xuc trong thi quy dao cua diém 1a duong
hipoxicléit. Hinh 7b 1a mot phan bién dang chi
tiét (cung B2C) dugc vé& theo phuong phap truyén
thong (khong trinh bay cach v§).

Hinh 7b. Bién dang duong épixicloits

Viéc xac dinh cac diém M(i), v€ bién dang chi
tiét rat phirc tap nhat la khi tang M, dé tang do
chinh xac bién dang.

Dé khic phuc, tir khai niém vé su hinh thanh
cac duodng épixicloit, hipoxicldit ta lap duoc
phuong trinh mo ta bién dang:

- Cung A1B, cung C3D (duong hipoxicloit)

R-r

[xz(R—r)cosg/Hrcos Q

2

R—r
r

ly:(R—r)singo—rsin @

- Cung B2C, cung D4A (duong épixiclait)

Jx:(R+r)cosgo—rcosR:rgo 3)

R+r
- @

\y:(R+r)sin(p—rsin
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- Tinh goc a,, o, chin cung A1B, B2C: dung 4. Xuét chuong trinh NC gia cong (trich)
cong thic:

0 0 (NC FILE -C:\NGOCHAI\MCAMXS\MILL\02NC)
o —ary =300 360975 _ 440

R 30 N100 G21;N102 GO G17 G40 G49 G80 G90;
2. V& bién dang cung A1B, B2C,C3D nhur SaU:  cvvevrerenniii

- Khéi dong SolidWorks, chon Sketch, chon N6310 G28 X0. Y0. A0.; N6312 M30;%
Front plane 1am mat co sé.

2.4.3. Thiét ké, gia cong chi tiét cam phdng cé bién
- O muc Spline, chon Equation Driven Curve, dang la dwong Cacdidit.

xuat hién bang sau: + Viét chuong trinh NC, md phong gia cong

bién dang chi tiét cam phang bién dang 1a duong

L Sl R A i RS T B A - 5
R r— g Cacdibit, cho a=26, cam day 16mm.
w o I"‘t Eapuitses Drreen Carve Thu'C hlén theo 5 blI('YC:
== . it Splna . .
- ,.:: = 1. Thiet 1&p phuong trinh tham so bién dang
L - Ttr phuong trinh duong Cacdioit trong h¢ toa
Pt bl i i A e . \ ;.
v do6 cuc p = a(l+coso), vi€t lai phuong trinh dudi
x; 1 dang tham s0:
¥ 3 vl d5ne x=acos@(l+cose) A
";"' _ y=asin@(l+cos@) @
| 7P
ty -

0 day: a=26;¢0=0..27n
Hinh 8. Bién dgng rang xicljit 2. V€ bién dang duong Cacdibit
- Khéi dong SolidWorks, chon Sketch, chon
Front plane 1am mat co sd.

- Chon Parametric, trong Equation lan luot
nl}ép phuong trinh (2), (3) (da thay sd) vao: Xy Y,
de v€ cac cung A1B, cung B2C... .
- O muc Spline, chon Equation Driven Curve,

- Trong Parameters, tai t, t nhip cac goc: Ao 1ia 12
g - tal &, 1, nhap g xuat hién bang sau:

(0.../2), (n/2..1), (n..3w/4), (3n/4..2m) dé 1an luot
ve€ cac cung A1B, B2C, C3D, D4A.

TR oo
- Chon #, thu dugc hinh v€ bién dang ring B‘j u e e
xicloit (hinh 8), ghi lai file, vi du(02.DWGQG) : — E IE'"“'""'"?"”"' )
il ot Spling
3. Lap trinh NC, mo phong gia cong 3 ries )
- Khoi dong Mastercam, mo file(02.DWG) — R /_
- Tién hanh céc budc tiép theo nhu vi du 1 e =

Fl e
Chi tiét sau gia cong mo phong nhu hinh 9 o e >

L§
£y \_
Hinh 10. Duong Cacdioit
- Chon @ rFaramemic | tr muc Equation nhép
phuong trinh (4) (da thay s0) vao: x,, y,
_ - Trong Parameters, nhéap goc: t =0, t,=2n

- Chon # thu dugc hinh v€ duong Cacdioit
(hinh 10). Ghi lai file,vi du (03.DWG).

Hinh 9. Chi tiét sau gia cong mé phong 3. Lap trinh NC, md phong gia cong
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- Khoi dong Mastercam, mo file (03.DWG)

- Tién hanh khai bao may, phoi, dao, cac thong
s0 cong nghé, chon Iénh gia cdng (Face, Contour,
Pocket.....) phu hop. Ti€p tuc nhu ldp trinh gia
cong co ban.

Chi tiét sau gia cong md phong nhu Hinh11

Hinh 11. Cam Cacdidit sau gia cong mo phong
4. Xuat chuong trinh NC gia cong(trich)
(NC FILE -C:\NGOCHAI\MCAMXS5\MILL\03.NC)
N4020 G28 X0. Y0. A0. N4022 M30;
5.Gia codng trén may phay CNC.

Hinh 12 14 chi tiét dang duoc gia cong trén may
tr chuong trinh NC vira tinh toan.

Hinh 12. Gia cong trén may NOVAMILL

3. Két ludn

Bai béo da trinh bay phuong phép 1ap trinh NC
theo bién dang, gia cong mét s6 dang chi tiét dic
biét. Phan quan trong nhit cua phwong phap la
chuyén tir mo hinh hinh hoc ciia ddi tugng sang
xdy dung mo hinh toan hoc, thiét 1ap phwong trinh
tham s6 mo ta bién dang chi tiét.

Viéc st dung cac phﬁn mém Solidworks,
Mastercam la dya trén tinh nang ndi bat vé CAD/
CAM ctia mdi phan mém nhd d6 viée tinh toan,
v€, 1ap trinh NC dugc thyc hién nhanh chong.

Phuong phap lap trinh theo bién dang cho
phép cac k¥ su cong nghé chi dong trong lap
trinh gia cong cac dang chi tiét phuc tap Pay 1a
phuong phép tién tién, ding voi cong nghé san
xuat hién dai.

Két qua: San pham sau gia cong theo cong
nghé CAD/CAM c6 d6 chinh xac, do tinh xdo
cao hon. Bién dang san phim khong bi sai sb in
dap do hién tugng cam mau chép hinh bi mon...
nhu gia cong theo phuong phap truyén thong.

Thoi gian thyc hién quy trinh thiét ké tao
hinh, gia cong giam.

4. Huomg phat trién tiép theo ciia dé tai

Thiét ké tao hinh, gia cong cac chi tiét dang
cam khong gian, mit cong 3D bang cach xay
dung cac phuong trinh todn mo ta bién dang theo
toa do ciu, toa do tru...tr d6 sir dung cac phﬁn
mém CAD/CAM hd tro v& tao hinh, lap trinh NC
gia cong.

Tinh toan, ti uru hoa cac théng sé ché do cit (s,
v, t) trong qua trinh gia cong.
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