TAP CHi PHAT TRIEN KH&CN, TAP 8, SO 7-2006
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(Bai nhdn ngay 09 thdng 12 nam 2006, hoan chinh sua chita ngay 21 thang 07 nam 2006)

TOM TAT: Bai bdo trinh bay phwong phdp xit Iy tron ldng duong chay dao toc do cao
(TPC) nham ndng cao chdt lirong va ndng sudt cho qud trinh gia céng. Phicong phdp dé nghi
ung dung mé hinh B-Spline khéng déu hitu ty (Non-Uniform Rational B-Spline — NURBS) bdc
3 va diéu kién lién tuc Cztc_zo dwong chay dao chuyén tiép dé két noi hai duong chay dao gia
cong khong lién tuc thanh dwong chay dao tron lang. Phuwong phdp xir ly tron ldng duwoc dp
dung cho hai truong hop : (i) dudng chay dao gia cong bién dang goc; (ii) duong chay dao
chuyén I6p cdt. Puong chay dao chuyén tiép duwoc de ‘nghi dang vong cho truong hop dwong
chay dao gia cong bién dang géc va dang dwong xodn tron cho trieomg hop duong chay dao
chuyén lop cdt. Ung dung mé hinh NURBS bdc 3 dé noi suy diong chay dao chuyen tiép dap
g diéu kién lién tuc g tai diém két noi dwong chay dao. Do dé dam bao 6n dinh dong luc
hoc, chdt lwong va ndng sudt cho qud trinh gia cong.

1. GIOI THIEU

Véi ché do gia cong tbe do cao (TDC), téc do chay dao (v) va tbc dd truc chinh (n) déu rat
1én (v>100m/phit; n>7000 vong/phit) [7]. Do d6, néu hoach dinh dudng chay dao dang ghp
khuc nhu d01 v6i ché do cat truyén thong (Hinh 1), thi phai giam téc d6 di chuyén dén ding
hén hodc gin nhu dimg hén khi dao tiép cin ving gia cong bién dang goc va chi c¢ thé tang tbc
khi thoat ra khoi ving d6i huéng chay dao [5]. Pé han ché giam tdc do chay dao, ky thuét lap
trinh NC cho gia céng TDC ap dung giai phap b6 sung dudng chay dao chuyén tiép dé két nbi
hai dudng chay dao gia cong khong lién tuc thanh duong chay dao tron lang (Hinh 2) [2, 3].
Tuy nhién cac chic nang 18p trinh NC lién quan ap dung ndi suy thang (GO1) va ndi suy tron
(G02/G03) cho duong chay dao chuyén tiép, do dé khong dam bao dieu kién lién tuc C* cho
dudng chay dao. Noi cach khac, khong dam bao diéu kién lién tuc tdc d6 va gia tbc cho qud
trinh cit. K&t qua, han ché chét luong va hidu suit gia cong [1].
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Hjhh 1. Phay bién dang goc véi duong chay dao
gap khic Hinh 2. Phay bién dang géc v&i dudng chay dao
chuyén tiép dang vong

Bai bao dé nghi rng dung ndi suy NURBS béc 3 dé tao dudng chay dao chuyén tiép cho hai
trudmg hop: (i) gia cong bién dang goc; (ii) chay dao chuyén 16p cét. Puong chay dao chuycn
tiép duoc dé nghi dang vong cho treong hop gia cong bién dang goc; dang dudng xoén tron
cho trudng hop chay dao chuyén 16p cét. Mb hinh NURBS béc 3 dam béo diéu kién lién tuc C
cho dudng chay dao - dam bao lién tuc toc d6 va gia tbc cho qua trinh cét. Do d6 dam bao én
dinh dong luc hoc, chét lwong va nang suat cho qué trinh gia cong.
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2. NQI SUY NURBS
'Buc‘mg cong NURBS C(u) bac p dugc dinh nghia [4]:

1)
C(u)= E w)w, (
"5 ) o N 0w, MN oA

Trong d6: Pi (0<i<n)- diém diéu khién
wi - trong sd
Nip(u) - ham co s& B-Spline

Ham co s& B-Spline dugce xac dinh theo véctonat U= { Up s wes um'}, m=n+p+1 :

u —u, uu—,'u»l M (2)
o () ——— N L
N:.r»( ) u,, ~1, Nr..u—l( ) Upepar — Ui N”l'p‘l( )
]. H‘- SHS un-l
u =
Nm() {0 trizomg hop khdc

Nhu vay, d& tng dung dung ndi suy NURBS x1r ly tron lang duong chay dao, cin xac dinh
phuong trinh dudng chay dao (1), tic 1a phai x4c dinh cac ham co s& B-Spline (2) va cac diém
diéu khién Pi twong tg. Bai bdo d& nghi qui trinh tinh todn néi suy dwcng chay dao bao gdm
2 giai doan : (a) Xdc dinh toa do chay dao - dit liéu diém néi suy dwong chay dao; (b) Tinh
todn néi suy dwong chay dao - xdc dinh vécto nit U; ham co s& B-Spline; va diém diéu khién
Pi cho dwong chay dao NURBS bdc 3.

3. XAC PINH TQA PO CHAY DAO

Toa d6 chay dao cin duoc xac dinh cho 2 trudong hop: (i) gia cong bién dang géc; (ii) chay
dao chuyén 16p ciit.

3.1 Trwong hop gia cong bién dang goc
Xét trudong hop gia cong bién dang goc gdm 2 duong chay dao gia cong Cy(u); Cs(u) (Hinh
3). Yéu cau xir ly tron léng dudng chay dao cho trudng hop ndy la bo sung duong chay dao

chuyén tiép dang vong C,(u) theo mé hinh NURBS béc 3 dé két ndéi 2 dwong chay dao gia
cdng Cy(u); C3(u) thanh dudng chay dao tron lang lién tuc ¢t

C),(ll)

Cia) \C' )
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Hinh 4. Xé4c dinh dir liéu diém noi suy cho

Hinh 3. Xir ly tron lang dudng chay dao gia disdng chay ‘das vong Cy(1)

cong bién dang goc
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Hinh 5. Xir 1y tron lang dudng chay dao chuyén 16p cét

Dir liéu diém ndi suy cho duong cong Ci(u) va Cs(u) duge xdc dinh tir dir liéu offset bién
dang chi tiét gia cong. Dit liéu diém ndi suy cho dudng chay dao vong Ca(u) duge dé nghi la
toa do cac diém B, E, G, H, K, F, B (Hinh 4) duoc xéc dinh theo diéu kién: duong tron tam I,
ban kinh R - dudng tron (I, R) tiép xtc voi hai tiép tuyén t,, t3 cia Cy(u) va Cs(u) tai E, F.
Piém G, K 14n luot 1a trung diém cua hai cung tron EH, HF. Diém H la giao diém ctia dudng
thang BI v6i dudng tron (I, R).

3.2. Trudong hop chay dao chuyén 16p cit

Khi chuyen dao tir 16p cét k dén 16p cét (k+1), dao duoc di chuyén theo 1 vong xoén (Hinh
5). Dit liéu diém ndi suy duong chay dao chuyén 16p cét Cy(u) duge dé nghi xac dinh theo
phuong trinh dudng xoén tron:

F(u) = (Rcos(u), Rsin(u),cu)  voi uelk2m(k+1)27x] 3)
Trongdé : k=20, 1, ..., h twong itng véi duong chay dao chuyén tiép giita h 16p cdt.

4. QUI TRINH TiNH TOAN NQI SUY PUONG CHAY DAO

Véi dir liéu diém ndi suy - toa do dudng chay dao Qk da xéc dinh, theo ly thuyét noi suy
- NURBS [12], v6i gia tri mdc dinh cta trong s (wi = 1), qui trinh tinh todn ngi suy duong
chay dao cho ca hai trudng hop gia cong bién dang goc; chay dao chuyén 16p cét dwoc dé nghi
nhur sau (Hinh 6):

- Buwée 1: Tinh cac gié tri tham sb tk twong tmg v6i diém chay dao

- Buéc 2: Tinh cac vecto nit U=1ug; uy; ...; um

- Buwée 3: Tinh céc ham co s& B-Spline Ni y(k) theo biéu thic (2)
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Hinh 6. Qui trinh tinh todn ndi suy dudng chay dao gia céng bién dang géc; chay dao chuyén 16p cét

- Buéc 4: Giai hé phuong trinh bic nhét (5) tim céc didm didu khién Pi théa min
phuong trinh :

Trang 28




TAP CHi PHAT TRIEN KH&CN, TAP 8, SG 72008
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- Buorc 5: Hiéu chinh cac diém diéu khién Pi sao cho C;(u), Ca(u) va Cs(u) thoa diéu kién

lién tuc C?,
Sau day la thi du ap dung qui trinh tinh todn ndi suy dwong chay dao dé xir 1y tron lang

dudng chay dao gia cong bién dang goc.

5. AP DUNG XU LY TRON LANG PUONG CHAY DAO GIA CONG BIEN DANG
GOC

5.1. Yéu ciu

Yéu cdu dit ra 1a ap dung qui trinh tinh todn ndi suy duong chay dao d& nghi dé xr Iy tron
lang dudng chay dao qua céc diém A,B,C,D,EF,G (Hinh 7), trong d6 D 1a vi tri thay doi
huéng chay dao. Theo phuong phap dé nghi, cénbd sung dudng chay dao vong Cy(u) tai D aé

ba dudng dudng chay dao bao gom C;(u) di qua cac diém A, B, C, D,.ducmg chay dao vong
Ca(u); va Cs(u) di qua cac diém D, E, F, G, tao thanh duong chay dao lién tuc g

5.2.Xir Iy tron lang duwong chay dao

Viéc xur 1y tron lang dudng chay dao dugc thuc hién theo hai giai doan; (a) NoOi suy
NURBS béc 3 cho ba duong chay dao ddc lap Ci(u); Ca(u) va Cs(u); (b) Xur ly tron lang
dudng chay dao tai diém ket noi D.

5.2.1 Néi suy NURBS biic 3 cho C(u); Cs(u)

Puong cong Ci(u) di qua cac diém dir lidu: A(-40,-70); B(-20,-40); C(-10,-10); D(0,0);
Puong cong Cs(u) di cac diém dir liéu : D(0,0); E(10,-10); F(20,- -40); G(40,-70). Bang tinh
toan ndi suy, ching ta tim duoc cac didm diéu khién tuong tmg cho C,(u) va Cs(u) la PC, va
PCs.
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-40 =70 0 0
_|-1159 -54,70 b _|2518 -1574
“4]-2518 -1574 111,59 -54,70

0 0 40 -70

5.2.2 Njisuy NURBS biic 3 cho dwong chay dao vong Cs(u)

Véi viéc chon dudmg chay dao vong di qua céc diém B, E, G, H, K, F, B nhu dé nghi &
muc %3.1, toa d§ diém chay dao dwoc xéc dinh nhu sau:

FiE A 0
E| | 5301 3313
G| | 9612 14550
o=|H|=| o 21,793
K| |-9612 14,550
B |- [=8300" " 34ia |-
B 0 0

Tir 86 xéc dinh duge cac diém diéu khién PC, cho Cy(u):

0 0
526 1,65
1509 13,29
Po=| 0 2517
-1509 13,29
-526 1,65
0 0 |

Céc dudng chay dao ndi suy NURBS béac 3 C;(u), Ca(u), Cs3(u) dugc minh hoa trén hinh 9.
5.2.3 Xir Iy tron ldng tai diém két néi D

Cac dudng duong chay dao Cy(u), Ca(u) va Cs3(u)  (hinh 7) chua dam bao diéu kién lién
tuc C*. C6 thé thdy r5 su khong lién tuc théng qua dd thi dao ham béc 1 (hinh 8) va dd thi
dao ham béac 2 (hinh 9):

- Co0 bu6e nhay Q' Qo va Q5 Qo’ trén dd thi dao ham bac 1 (Hinh 8).
- Coé budc nhay Kl Ko va Ky K03 trén dd thi dao ham béc 2 (Hinh 9).

Qua hai do thi dao ham (Hinh 8 - 9), ching ta thdy dao ham bac 1 va béc 2 khong lién tuc
tai d:em két néi, do d6 cin xir Iy tron lang dudng chay dao theo diéu kién lién tuc C* tai vi tri
két ndi nay [6].

Pé duodng chay dao Ci(u), Ca(u), Cs(u) lién tuc C? tai cac diém két nbi [14]:
C.'(N=C,'(0)
C;'(1)=C,'(0) (10)
C.,"(1)=C,"(0)
C,"(1)=C,"(0)

Khéi lénh ngi suy NURBS cho C 3(u) :
G6.2P4K0.0X0.000Y0.000Z0.000
K0.0X25.180Y-15.740Z0.000
K0.0X11.590Y-54.700Z0.000
K0.0X40.000Y-70.000Z0.000
K10000.

K10000.
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K10000.
K10000.

Hinh 7. Dudng chay dao ¢
(qua cac diém A, B, C, D, E, F, G)

Hinh 9. D4 thi dao ham béc 2 cta Cy(u), Cy(u) va

Cs(u)

Hinh 11. Bubpg chay dao dugc xtr ly tron
lang Cy(u)- Cy (u)- C3(u)
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hua xir ly tron lang Hinh 8. D6 thi dao ham bac 1 cia C (u), Cy(u)

Hinh 10. Cic dudng chay dao ndi suy NURBS
bac 3 Cy(u), Ca(u), C5(w)
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Cuw f
%
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Hinh 12. Tép tuyén chung tai diém két ndi
dudng chay dao
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Hinh 13..Da0 hdm bac 1 ciia dudng chay dao  Hinh 14. Pao ham bic 2 cia dudng chay
Ci(u), C3 (u), Cs(u) . dao Cy(u), C; (u), Cs(u)

6. KET LUAN

Bai béo dé nghj phuong phép xir 1y tron lang dudng chay dao TDC cho trudng hop gia
cong bién dang goc va chay dao chuyén 16p cét bang céch bd sung duong chay dao chuyén tiép
dang vong va dang dudng xoan tron theo md hinh NURBS bac 3. Ap dung mé hinh NURBS
béc 3 dé ndi suy dudng chay dao chuyén tiép dép ing diéu kién lién tuc C? tai diém két ndi
dudng chay dao. Do d6 dam bao 6n dinh dong luc hoc, chit lwgng va ning sut cho qu4 trinh
gia cdng TDC.

APPLICATION OF THE CUBIC NURBS INTERPOLATION FOR FAIRING
OF HIGH SPEED MACHINING TOOLPATH

Doan Thi Minh Trinh, Duong Vo Nhi Anh
University of Technology, VNU-HCM

ABSTRACT: The paper presents the method for fairing of High Speed Machining
toolpaths to improve quality and efficiency of machining process. The proposed method has
adopted the cubic Non-Uniform Rational B-Spline (NURBS) interpolation and C*- condition to
generate a transition toolpath that connects two discontinuous machining toolpaths to be a
smooth toolpath. Proposed method was applied to generate the transition toolpath for two
cases: (i) corner-machining toolpath; (ii) layer-connection toolpath. The transition toolpath
was proposed of circle form for the first case; and of helical form for the second one.
Application of the cubic NURBS model for interpolation of transition toolpath satisfies C” -
condition at  the toolpath-connection point. Therefore it ensures stability, quality and
productivity of High Speed Machining process.
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