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SCULPTURED SURFACES WITH FIVE- AXIS MACHINE TOOL
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TOM TAT

Trong qud trinh gia céng tinh dwong dung cu dan diém dinh vi dung cu quét lén bé mdt gia
cong theo mot quy ludt nhat dinh. Tuy nhién, doi véi dwong dung cu gia cong bé mdt phirc
tap ngodi viéc dznh vi vi tri dung cu con dinh hu’ong truc dung cu tai tirng thoi diém gia cong
dé tao van toc cat Hon nita, trong gia cong tinh bé mdt phirc tap thu’ong su dung dao phay
ngon, teng véi méi loai dao phay ngon do dac diém hinh hoc, diém dinh vi cia dung cu la
khac nhau ma dwong dung cu cho moi loai dung cu la khac nhau. Trong bai bdo nay voi cdc
thong 6 cho truée quy ludt quét dung cu, théng sé hinh hoc cia dung cu, vdn téc cdt tdc
gid dé xudt thudt toan sinh dwong dung cu gia cong bé mdt phire tap doi véi dao phay ngén
dau xuyén trén may phay CNC 5 truc. Trén co s¢ thudt todn d@é xudt tién hanh Idp trinh sinh
duwong dung cu gia cong tinh bé mdt phirc tap cho dwdi dang tham sé S(u,v) trén mdy phay
CNC 5 truc bang phan mém Matlab.

Tir khéa. dwong dung cu, gia cong tinh bé mdt phirc tap.

ABSTRACT

In the process of finishing machining CNC, tool paths lead tool position points to sweep
over the machined surfaces based on a determined rule. However, with five-axis machine
tool, besides the positional location of cutting tool, we have to locate its orientation for
each cutting point. Furthermore, in finishing machining sculptured surfaces, we usually use
some milling cutters such as radiused-end mill, with each type of these tools, the geometric
parameters, cutting characteristics and tool paths are different. In this article, with the input
parameters: form of tool path parallel, geometric parameters of cutting tool, cross feed
and cutting velocity, the authors proposes the algorithm to directly generate tool path and
tool orientation with radiused -end milling cutter when machining sculptured surfaces with
five-axis machine tool. The algorithm is programmed and simulated by MATLAB with some
surfaces prametric S(u,v).

Keywords. tool paths, finishing machining sculptured surfaces.
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I. PAT VAN DE

Qua trinh gia cong tinh cac bé mit phirc
tap trén may phay CNCS5 truc, duong dung
cu la quy dao cac diém dan mot diém cua
dung cu theo mot quy luat nhét dinh nao dé
dé thuc hién qua trinh quét bao hinh 1én bé
mit gia cong dé tao thanh bé mit gia cong.
Do d6, duong dung cu khong nhiing phu
thudc vao hinh dang hinh hoc cua bé mat
gia cong ma con phu thudc vao céac thong
s6 hinh hoc cua dung cu va van tde cat.
Nhu vay, duong dung cu trong gia cong 5
truc rat phuc tap, ngoai viéc dinh vi dung
cu n6 con phai dinh huong dung cu. Thong
thuong trong cac phan mém CAM thuong
mai duong dung cu thuong dugc thét ké theo
phuong phap mit phing dan, duong ding
tham s, mat phing tham chiéu [6,8] hinh 1,
cho dén gan day phuong phap PAM, phuong
phap mit cau tiép xtc [4,5], phuong phap
tiép xtic da diém [3], phuong phap chiéu cao
nhap nho khong dbi [7].
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¢) Phuong phap chiéu tir mit phang bat ky
Hinh 1. Ba phirong phdp phé bién sinh luéi tao
hinh va dwong dung cu trong gia cong bé mdt
phuee tap [8].

Trong bai bao nay tac dua ra mot phuong
phap méi duoc cai tién tir phuong phap mat
phang chiéu hinh lc, chiéu quy luat quét
dl,}ng cu tl‘l’vméflt phéng Xp0pYp cua hé toa dd
goc phoi dé tim quy luat diém tao hinh trén
bé mit, tir d6 tinh diém dinh vi va véc to
dinh hudng truc dung cu véi dao dau Xuyén
gia cong bé mit phurc tap.

II. TINH PINH HUONG VA PINH VI
DUNG CU

1. Hwéng véc to dinh vi truc dung cu trong
hé toa do diém cat

Trong trudong hop téng quat hinh 2 goi:

+ ZT ,ZS :1an luot 12 bé mit dung cu, bé
mat gia cong cho dudi dang tham so.

Hinh 2. DBinh hu"dng dung cu trong hé toa do
diem cat CCi.
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+ (&) 1a quy tich cac diém tao hinh CC, trén
>°S, khi d6 véc to tiép tuyén don vi T, cho
bd1 phuong trinh:
d(¢)
-~ dt
T =77, e00
d(©)
dt
+ Véc to phap tuyén 0 cua ZS tai diém
CC, I(&) dugce cho bsi phuong trinh:

oS(u, V) . oS(u, V)

(1

A= ou ov
oS(u,v) 0S(u,v)
A
ou ov (2)

Goi K 1a tdm xoay dinh hudéng dung cu
trong hé toa do diém cat, khi d6 K luén ndm
trén phuong phap tuyén 1 .

+ Véc to trung phap tuyén T, hop véi 1,
T, dé tao thanh h¢ toa do diém tao hinh K,

T, Ty n duoc dinh nghia bai:

?tp = ¥tt /\I_i (3)
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Hinh 3. Dao phay ngén dau xuyén.

+ TCL la diém dinh vi trén dung cu hinh 3,
khi d6 "CL luén nam trén du(‘m% _tam truc

dung cu va dugc dinh hudng béi

Nhu vay, véc to dinh hudng cta truc dung
cu trong h§ toa do diém tao }}inh CC 1 o Tu
n dugc viet dudi dang dai so:

sin 0.sin 3
—co0s0.sinf 4)

“to=10,8)."t, =
cosf

0
Trong do:

)_C(Bae) = R(Ttpﬂe)'g(naﬁ) (5)

Voi:
1 0 0 0
0 Cosp —Sinf 0
R(t,.B)= .
0 —Sinfp Cosp 0
0 0 0 1
[Cos® —Sind 0 0]
Sind6 Cos6 0 O
R(n,0) =
0 0 1 0
0 0 0 1

=10 0 1 0of

2. Méi quan hé cia hwéng truc dung cu
trong hé toa d§ phoi

Néu goi: " t, 1a véc to don vi huéng ciia truc
dung cu trong hé toa d¢ phoi khi do ta co:

P ="M T (6)

CcC . ,
Nhuvdy, M, la ma tran cosin chi phuong
gitra h¢ toa do di€ém tao hinh K. t va hé
P
toa do phoi Opoypr , ma tran Mcc duogc
dinh nghia nhu sau:
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3. Tinh diém dinh vi dung cu

Véi diém dinh vi TCL dwoc dinh nghia
nhu hinh 1b ta c6:

—

Ter, = Tec, T Tee T Lorer (7

Viét phuong trinh (7) duéi dang dai s6 ta co:

Xeri Xeci n
‘ ‘ D-2 ‘
yCLz — yCCz +[’,._+_( - r )] nyz +
ZeLi Zec 2sin(f) n;
1 1 0
0
0

+ M x(B.0)| (g —7).cot g()

0 ®)
Trong do:
D-2r
2 sin(B))
KCL, = (g —1).cotg(P)

CCK=CCP+PK=r+(

Vi :

B.0: lan lugt 1a goc nghién, goc 1at cua dung
cu.

D,r: lan luot 1a duong kinh dung cuy, ban
kinh xuyén.

Hinh 4. Puong dung cu gia cong bé mdt
phite tap bang dao phay ngon dau xuyén.

Két luan: Phuong trinh (6) va phuong trinh
(8) cho phép dinh hudng truc dung cu va
dinh vi dung cu dbi voi dao phay ngén dau
xuyén, khi biét cac thong s6 hinh hoc ctia
dung cu va bé mit gia cong.

4. Thuat toan tinh toan sinh duwong dung
cu

Budce 1: voi thong s6 hinh hoc ctia bé mat va
quy luat quét dung cu tao ra quy dao diem
tao hinh CC..

Bude 2: tir van tde cit va thong s6 dinh
huéng dung cuy, tinh dinh hudng truc dung
cu & muc 2.1.

Buéc 3: trén co s diém CC, (tinh ¢ bude

1) va t, (budc 2) tinh diém dinh vi dung
cu CL.
I11. Vi DU AP DUNG

Ap dung céc thuat toan trén v4i bé mit
tham s6 S(u,v) c6 phuong trinh:

s (u,v)
s(u,v)=1s,(u,v)|=
s_(u,v)
100 - 50
= 100.v—50
—80v(v—1)(3,55u - 14,8u" + 21,1’ = 9,9u*) - 28

©)

Véi tham sd u, v € [0+1]

Hinh 5 véc to phap tuyén va véc to dinh
huong truc dung cu trén duong dung cu.

Hinh 6 14 quy dao diém tao hinh CCi va quy
dao diéu khién dung cu tao hinh CL.. Két qua
duoc luu dudi dang file dir liéu chuan APT,
bang 1 1a két qua trich ngang file co s& dir
li¢u phuc vu qua trinh gia cong.
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Hinh 5. Huéng truc dung cu va véc to phdp tuyén bé mdt gia cong doi
voi dao phay ngon dau xuyén D= 6mm, r=2mm, goc nghiéng = 25°, goc lat a=>5".

duong dung
cu CLi

A quy dao diém tao

21— hinh CCi
2]

25—

24—

Hinh 6. Puong dung cu véi dao phay ngén dau xuyén D= 6mm, r=2mm
goc nghiéng = 25°, goc lit a=5’

Bing 1: Trich ngang co sé dit liéu tinh dwong dung cu véi dao phay ngén diu xuyén
bé mdt tham so cho dwoi dang APT

XeL XL e Ly tdy Ly,
47.351284 25.566837 -24.963389 0.340617  -0.277536 0.898306
47.349707 26.566202 -24.979918  0.340037  -0.277769 0.898454
47.348109 27.565567 -24.997092 0.339450 -0.278001 0.898604
47.346491 28.564933 -25.014911 0.338854  -0.278234 0.898757
47.344852  29.564298 -25.033373 0.338251 -0.278467 0.898912
47.343193 30.563664 -25.052480 0.337640  -0.278700 0.899069
47.341513 31.563030 -25.072232 0.337021 -0.278933 0.899229
47.339812 32.562396 -25.092628 0.336394  -0.279166 0.899392
47.338091 33.561762 -25.113669 0.335759  -0.279400 0.899556
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IV. KET LUAN PAM, phuong phap mat cau tiép xuc. Két
qua bai bdo la co s¢ dir liéu phuc vu cho
cac bai tinh tiép theo nhu hiéu chinh huéng
truc dung cu tranh va cham, dich chinh budc
tién ngang diéu chinh chiéu cao nhap nho dé
hoan thi¢én hon dudong dung cu, dap ing cac
yéu cdu cong nghé.

Céc két qua nghién ctru trén gép phan bo
sung mot cach tinh méi duong dung cu véi
dao dau xuyén trong cac phan mém CAM
thuong mai. V61 phuong phap nay don gian
hon, hiéu qua hon phuong phép truc chinh
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