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TOM TAT: Bai bdo trinh bay mdt gidi thudt xdc dinh phuong trinh tham sé toa d¢ cdc diém
trén bé mgt va ty dong thiét 1gp mé hinh hinh hoc khéng gian 3 chiéu ciia cdc vdt thé cé bé
mdt phu’c tap nhdm lam co sd cho viéc phdn tich bé mat, lya chon dao cdt, tinh todn cdc
théng sé dong hpc dao cdt, xdy dung gidi thudt Toolpath t6i wu va lam md hinh ly thuyét dé
déi chiéu sai s& gia céng bé mgt véi mé hinh thuc t& do dugc trén mdy do toa dj CMM, trén
co s¢ dé sé c6 nhitng bign phdp xik Iy va diéu khién 167 wu héa toan b§ qud trinh gia cong cdc
bé mdt phite tap trén mdy CNC va phdn mém céng nghé CAD/CAM hién cé & Viét Nam..

I- PINH NGHIA BE MAT PHUC TAP

Bé miit phifc tap con dudc goi la bé mit ty hay bé mit diéu khic 1a nhitng bé mit
tong hgp dang Bezier, Hermit hay B-Spline trong khong gian 3 chiéu. Khdc véi cic bé
mit gidi tich théng thudng nhu mit phéng, mit tru, mat cdu, mit trdn xoay, v.v.. dudc thé
hién dudi dang phuong trinh gidi tich todn hoc chinh tdc thi cdc bé mit phic tap s& dudc
bi€u dién dudi dang céc phuong trinh tham s& toa d bé mat.

II- PHAN LOAI CAC BE MAT PHUC TAP

Tay theo tinh chit phifc tap cia Bé mit va qud trinh hinh thanh nén bé mit ma c6
thé phéan chia ra 1dm 3 nhém bé mit chinh nhu sau:

1. B& mit cdc chi tiét dang ring nhu cdc bé mit banh ring, bién dang cam, truc vit
xodn, v.v.. 1a nhitng b& mit dugc tao thanh ti¥ k€t qud bao hinh cia céc chuyén dqng
thanh phin clia c4c chi tiét nhu dao cit, phoi gia cong, dd g4 trén cdc mdy cong cu truyén
th6ng chuyén dung.

2. B& mit céc chi ti€t dang cdnh cong ciia quat, turbin, mdy nén khi, chan vit tau
thily, cdnh mdy bay, mii tau, xe hdi 12 nhiing dang bé mit thuc nghiém trén cd sd thda
man céc diéu kién vé khi dong hoc va thiiy dong lyc hoc nhiim t3i wu héa vé luu lugng, dp
sudt dong chidy, luc cdn dong chdy, dng sudt va sifc bén cédnh, lvc ndng cdnh, xung luc
dong chay, v.v.. Trén m4y cdng cu truyén thong dé gia cong c4c chi tiét phlrc tap bé mit
dang cdnh cong ngudi ta sif dung k§ thuét phay chép hinh.

3. B& mit cdc chi ti€t c6 d¢ phitc tap cao hon nhu bé mat khuén mdu, bé mat vat thé
diéu khic, bé& mit cdc bd phén gia trong co thé con ngudi nhu chin tay gid, qud tim nhén
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tao con ngudfi, v.v... ma hau h&t cdc bé mét nay tuin theo cdc quy luit sinh hoc ty nhién va
khong thé hién dugc bé mit nay dudi cdc dang phudng trinh todn hoc thong thudng.

Trong bai bdo nay ta chi nghién citu xdy dr_.mg gidi thudt cho cdc chi tiét dang bdnh
rdng cé bé mdt than khai.

II- LY THUYET CHUYEN DICH PUGNG CONG VA Bf MAT TRONG KHONG
GIAN 3 CHIEU

a- Chuyén dfng tinh ti€n theo 1 hudng cho trudc cia bé mit tu do

YA
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&

Hinh 3.1  Phép tinh ti&n va anh clia dudng cong
va bé mat F trong khong gian

Gia st 1 diém M(x,y,z) thuéc mdt dudng cong S hay mdt bé mit cong bat ky F trong
khong gian 3 chiéu c¢6 phuong trinh todn hoc f(x,y,z) = 0. Khi M chuyén dong tinh ti€n
theo 1 phuong cho trude D(xd,yd,zd) trong hé toa do Decarte Oxyz thi dnh tuong Ung clia
di€m M(x,y,z) s& 1a diém M’(x’, y°, 2’) v6i m&i quan hé gifta toa d6 M va M’ nhu sau:

(1) XM' XM
=kl
2 2.

1 1

Trong d6 ma trdn [T] dugc goi 12 ma trdn tinh ti€n thudn nhat theo huéng vects D
cho trude cia mot dudng cong hay bé mit bat k¥ va ma trdn [T] dudc x4c dinh nhu sau:
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b- Chuyén ddng quay quanh 1 tryc bit ky trong khéng gian

P,
Y: [‘\ e

~ Nhin theo A

Hinh 3.2  Phép quay va anh clia bé mat F
quanh 1 truc bt ky trong khong gian

Xét bé mit F c6 phuong trinh F(x,y,z)=0 quay quanh 1 tryc bat ky OI di qua gdc toa
d6 O va tim quay I (I 1a giao diém cia truc quay OI vé6i bé mit F) vdi ban kinh quay R =
IS trong hé toa dd Decarte khong gian 3 chiéu Oxyz thi dnh tuong @ng clia diém S(x,y,z)
trén mit F s& 12 diém S*(x*,y*,z*). Quan hé hinh hoc giita S va S* nhu sau:

S*=[R]*S(3)

x* X
hay y*|=[r]*| y
z%* ¢

Néu dit Co = cosg ; S@ =sing va Vo= 1 - cose thl ma trdn [R] ¢ thé vi€t nhu sau:

njV(a +Cop nxnquo -n,Sp nnVep+nSe
[R]=|nnVp+nSp nVp+Cp nnVep-nSe
nnVo-nSe MnVe+nSp nVe+Co

Nhén xét:

-Mbt bé& mit F(x,y,z) khi quay quanh 1 truc bit ky trong khong gian 3 chiéu vdi 1
g6c @ s& dudc dnh 12 bé mit tuong dng F*(x*,y*,z*) va mdi quan hé gifta bé mat F va F*
tudn theo phudng trinh (3), (4) va (5).
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-Ma trdn [R] dudc goi 12 ma trin quay clia bé mit F theo 1 géc ¢ xung quanh 1 truc
quay bat ky OI di qua gdc toa dd cia hé truc toa d6 Oxyz trong khdng gian 3 chiéu.

Trong trudng hgp tdng quét hon néu truc quay cda bé mit F khong di qua gdc toa do

*nhung bi€t dugc vi tri cla truc quay trong hé toa dé Oxyz va vectd vi tri clia tAm quay I(xy,

y1, 1) th dnh tudng ng F* ciia bé mit F dugc x4c dinh theo phudng trinh sau:
S*=[R]*(S &)+

IV- PHAN TiCH HINH HOC VA XAY DUNG GIAI THUAT THIET LAP PHUONG
TRINH THAM SO TQA PO BE MAT VA MO HINH HINH HOC 3 CHIEU CAC BANH
RANG CO DANG BE MAT THAN KHAI

-3 banh'ring b8 mit thin khai thi giao tuyén gifta bé mit ring véi mit phing
vudng géc vdi truc chi ti€t 1 nhitng dudng cong thin khai ma phuong trinh todn hoc da
bi€t. N&u 1 loai banh ring tru ring thing thi b& mit thin khai dugc hinh thanh tit chudi
cdc dudng cong than khai quét doc theo phudng truc banh ring tir mit ddy dé€n toan b
chiéu cao chi ti€t. N&u 12 banh ring tru ring xoin thi qué trinh hinh thanh bé mat ring
twong ty nhu trén nhung ngodi chuyén dong tinh ti€n doc theo truc thi dudng cong than
khai con quay trdon thém mdt géc xodn quanh truc dé tao nén bé mit xodn.

- Xudt phat tir toa d6 ctia 1 profin bi&t truéc phudng trinh todn hoc tai mit phidng ddy
vudng géc vdi truc chi ti€t cao do Hy = 0, ta s& x4c dinh dudc toa d6 twong Wng clia profin
k€ ti€p tai cao d6 Hy= Ho+ AH. Trong trudng hop bé mit chi ti€t c6 dang xodn thi toa do
céc diém cilia profin tai cao d6 H, s& xdc dinh bing cdch nhin toa d6 ciia profin tai cao d6
Hy v&i ma trdn tinh ti€n doc theo truc chi ti€t 1 lugng AH va ma trdn quay quanh truc chi
ti€t 1 géc Ag theo 1y thuyét chuyén dich duding cong va bé mit trong khdng gian 3 chiéu
da trinh bay trén ddy. Biing phuong phédp 14p ludn tudng ty ta s& xdc dinh dudc tat cd céc
toa d§ clia c4c profin con lai.

-Dé€ xdc dinh bé mit bao clia mdt b& mit ring than khai ta phai xdc dinh cdc gidi
han bién 12 giao tuy€n gilta bé mit ring nay vdi cdc bé mit ti€p gidp c6 gidi tich thong
thudng nhu mit phing, mit try, mit cén, mit Hyperbol, v.v...

-Thyc hién n6i cdc di€m rdi rac véi nhau theo qui luit thi ty ta s& xdc dinh dugc
bién dang bé mit hinh hoc clia 1 ring. Sau d6 Copy d6i xitng quanh truc quay chi ti€t theo
s0 ring cho trude d€ dugc toan bd md hinh hinh hoc cia chi tiét. .

Toan bd gidi thuit dugc trinh bay tém tit trong Hinh vé 3.3 dudi day.

Toan bd gidi thudt tinh todn phudng trinh tham s6 toa do va thi€t 14p md hinh hinh
hoc 1 ring cda banh ring c6n xodn dudc thuc hién bing ngdn ngit 14p trinh Autolisp va
phin mém AUTOCAD release 12 (xem cdc hinh v& 3.4 va 3.5 dudi diy). Sau dé File.
CAD dir liéu tir phan mém AutoCAD sé& dugc xuit ra dudi dang IGES hay DXF Format
ma bat cit phin mém CAD/CAM nio ciing c6 thé nhin dang dugc va xif Iy ti€p md hinh
hinh hoc clia v4t thé & cdc budc tiép theo.
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Nhap céc thong s6 hinh hoc ciia chi tiét
nhu: phuong trinh profin, chiéu cao chi
tiét, s ring, géc xodn, c4c thong s8 hinh
hoc ciia cdc mat bié€n, v.v...

l

Xd4c dinh toa d6 cta cdc diém trén profin
c6 phuong trinh z=f(x,y) tai cao d§ Ho=0

'

Xéc dinh toa dd cta cic di€m trén profin
k€ tiép tai cao d9.H= H;, 1+ AH biing cdc
phép todn nhdn cdc ma trdn chuyén dong

'

Xdc dinh toa do ctia cdc b& mit bién ti€p
gidp con lai ciia 1 riing trén chi ti€t

.

Gidi bai todn giao tuyén d€ tim toa dd cic
diém trén cdc can bién ti€p gidp clia bé
mat phic tap cdn tim

v

Lién k€&t tat ca cdc di€m vira x4c dinh lai
v6i nhau biing c4c loai bé mit tdng hop
CAD di biét d€ dugc bé mit clia 1 riing

v

Thuc hién viéc Copy ddi xing quanh truc
quay clia chi tit d€ dugc toan bd cdc bé
mit trén chi ti€t

Hinh 3.3 Giai thuit x4c dinh m6 hinh hinh hoc c4c chi ti€t c6 dang ring
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Hinh 3.4 M6 hinh hinh hoc ciia Hinh 3.5 M5 hinh hinh hoc cda toan

1 ring thi€t 14p trong phan mém bd banh ring thiét 1ap trong

AUTOCAD 12 phin mém AUTOCAD _
release 12

Hinh 3.6 M6 hinh hinh
hoc ciia 1 ring thiét 14p
trong phin mém
UNIGRAPHIC II

V-KET LUAN

Mot gidi thudt ding dé xdc dinh phuong trinh tham s8 toa do cdc diém trén bé mit
va tu dong thi€t 1dp mo hinh hinh hoc khdng gian 3 chiéu cda cdc vat thé c6 bé mit phifc
tap da thuc hién thanh cong trén AutoCAD. Piy 12 mot phin mém CAD tuy chi c6 chic
nang d hoa nhung c6 thé giao dién dugc tryc ti€p véi cdc ngdn ngit 1ap trinh d6 hoa nhu
C hay Autolisp d& thyc hién gidi thuat mot cdch tryc ti€p ngay trén mdy tinh. Trong khi
cdc phdn mém CAD/CAM khéc vira ¢6 ci chic ning db hoa (CAD) va chifc ning gia
cong (CAM) nhy UNIGRAPHIC II, CIMATRON, Pro/ENGINEER, MASTERCAM, v.v...
s& bi han ché& kha ning hoic hiu nhu khong thuc hién dugc gidi thudt nay nay.
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A COMPUTER ALGORITHM FOR ESTABLISHING THE SURFACE COORDINATE
PARAMETRIC EQUATION AND GEOMETRIC MODEL OF THE
COMPLEX SURFACE OBJECTS

Bui Tri Si -Nguyen Ngoc Can - Doan Thi Minh Trinh

ABSTRACT: An algorithm is developed successfully in this paper to present the method for
establishing the coordinate parametric equation of all points on the complex surface and
automatically creating the 3 D geometric model of the objects. This model will be a base in
surface analysis, tool selection, kinetics parameter calculation of tool, optimal toolpath
algorithm building and this basic model will be used to compare the surface machining error
with the real surface model after machining on the Coordinate Measurement Machine (CMM)
5o that we can find out the suitable solution in modification and optimal control whole of the
machining process of the complex surface objects on CNC machine and the available
CAD/CAM software in Vietnam.
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