NGHIEN CUU PHAT TRIEN THUAT TOAN NOI SUY
DUONG NURBS THEO THO1 GIAN THU'C TRONG CAC
HE THONG CNC 3 TRUC

STUDY AND DEVELOPMENT OF A NURBS INTERPOLATOR IN 3-AXIS
CNC SYSTEMS

Nguyén Hiru Quang, Banh Tién Long
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TOM TAT

Bdi bdo trinh bdy mot phuong phdp ndi suy CNC theo thoi gian thic cde bién dang phirc
tap biéu dién bang phirong trink tham s6 NURBS. Trong phirong phdp ndy, thudt todn nji suy dua
trén di liéu biéu dién dwong NURBS (dzem diéu khién, trong s, tham 56 nit) vi téc dp yéu cau
(feedrate) dé tink online toa d@ diém ndm trén quf dao trong timg chu kp trich méu, do d6 khdc phuc
dupe cdc nhiroe didm cia phiromg phdp tink qu dao offline dia trén cdc phdn mém CAM.

T khéa: Noi suy CNC, NURBS, CAD/CAM, LinuxCNC.
ABSRACT

This paper presents a method of real-time CNC interpolation for complex curved profiles
described by NURBS parametric equations. In this method, the interpolation algorithm uses
geometric pavameters of the NURBS curve {control points, weights, knot values) to caleulate
positions on the curve for each sampling period, so it will overcome drawbacks of the conventional
method that calculates offline the trajectory in CAM sofiwares.

Keywords: CNC interpolation, NURBS, CAD/CAM, LinuxCNC.

1. GIOIL THIEU

Hién nay, cac dang bé miit tham s6 duge
sir dung réng rii trong cée phin mém CAD khi
thiét k& cac chi tiét co khi phye va cho nhidu
nganh san xudt khac nhau, nhw céng nghiép
6td, cong nghiép hang khong, tau thay, gia
cdng khudn miu,... Treée khi gia cong CNC,
céc b mat nay thudmg dugc rdi tac héa thanh
mét tp hop cdc dudng cong tham sb, sau d6
cdc dwdng cong tham sb lai dugc xir Iy tiép
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dé tao thanh chuong trinh NC. Do phén 16n
céc b9 didu khitn CNC chi h3 tre chiic ning
néi suy tuyén tinh (GO1) v& ndi suy cung
trdn (G02,G03), nén céc dudng cong tham s&
thudmg dwoe xAp xi bing chuli dosn thing
hodic cung tron. D2 dat duoc d6 chinh xac cin
thiét thi sb lwong doan thing hodc cung tron
phal da 16n va chiéu dai méi doan thudng rét
ngan, din dén nhidu nhuge diém 1], [2].
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toan co bian dé ndi suy dudmg NURBS (Non-
Uniform Rationa! B-Spline} theo théi gian
thye. Dmmg NURBS 1a dang duong cong
tham sb téng quat, dwoc hd trg trong nhidu
hé CAD/CAM va c6 nhidu wu didm, nhu kha
niing bidu difn manh, c6 thé bidu didn chinh
xéc cic dudmg cong phan tich (analytic curves)
va dudng cong tu do (free-form curves)...
Gidi han ap dung cia phucmg phép trinh bay
irong bai bao la cho cic hé thong CNC 3 truc,
& d6, dyng oy ciit khong thay déi hwong khi di
chuyén trén quy dao.

2. PHUONG PHAP NOI SUY NURBS
2.1. Puing cong tham sb NURBS

Puémg NURBS bic p véi tham s6 u
duge dinh nghia nhw sau [3}:

| 3N, @w?,
C)=fyw) |=L—— [¢Y)
z(u) ZN.-,,,("‘)Wi

Trong d6,P, = [X Ia didm didu
Khién, w, 1 trong sb. N, (u) I2 ham co sd
B-8pline bac p duge dmh nghiz bing cong
thire truy hdi sau day:

0, uefu,u,
[ ) @
- M~ npfl —U
N, )= .,..(u)+ N,y o ()
Uip— Trpel B

Trong céng thire (2), #; 1a tham s6 it va
14 phdn tir cia tap tham sé nut[uu,ul, %],
#y < <..<u,. Khitht ci cic trong s6 w,
dénbing 1 thi duang NURBS tro' thinh dmmg
B-spline véi phwong trinh tham s5 nhir sau [3]:

C)=3 N, P ®
=0
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2.2. Nguyén Iy co ban ndi suy dwimg NURBS
theo théi gian thyc

Ky hidu ¥ (u) 13 t8¢ d6 tién dao khi thuc
hién chuyén déng tao hinh doc theo dudng
NURBS C(x). Tir hinh hoc vi phén ta ¢ quan
hé sau:

B dC(u) U g

_“ ar du ( )" ()
.G _L

Suy ra: 7 ” '(u)" )

Goi T 14 chu ky ndi suy va ky hiéy
u, =u(kT). Vi chu ky T rét nhé (khodng 1
ms), ta cd cdng thirc xAp xi sau ddy:

T
w0

, ~u“+Td

(6

Tir (6) c6 thé ¢& xuit cdc bude tinh
toan co ban trong mét chu k¥ ndi suy dudmg
NURBS nhur sau: (1) Tinh toc d¢ ¥ (feedrate
scheduling); (2) Tinh gia tri tham 50 u; (3)
Tinh toa d6 diém ndi suy tir tham sé v. O bude
thir nhét, ¥ duoc tinh dua trén dir heu trong ma
G-code vi bidu 45 ting toc/glam te, ciing nhur
cdc tin hi€u vAn hanh mdy (feed override, feed
hold,...). § buéc thix hai, ¥ dugc thay vio (6)
48 tinh gi4 trj méi cho tham sbula u,, Trong
bude cubi cing, toa d§ diém ndi suy C(u)
duge tinh dua vao phuong trinh tham sb cia
dudmg NURBS.

3. MOT SO VAN BE TiINH TOAN
3.1. Tinh toa @9 va dao ham dwong NURBS

Tir duomg NURBS C{() fa dinh nghia 2
duémg B-spline sau day;
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A@ =Y N, awp, )
=0
B =N, 6w, ®
i=0
Tz (1) c6 quan hé sau:
_AQ)
Clu)= B )

Voi mBi gid wi uefu,u,,) 6 ding
(p+1) ham co s& B-spline nhén gid tri khac 0,
d6la N_,,...,N, . Thut toén tinh cic ham
co s& nay dmyc trmh bay chi tiét trong [3]. Tir
d6 tinh dugc A(w), B(u) theo (7), (8), va tinh
C(u) theo (9).

Ngoai ra, tir (9) ta co:

Cw (;8) _ AWBW-AWBwW

B'(w)
_ A W-CaBw 0
B(w)
T (7) va (8) suy ra:
A=Y N, W)wP, an
=0
B =3 N, Gw, 12)
=0

Trong (11) v (12), N] , () tinh duoc tir
mbi Hén hé sau [3]:

N@=4—Ji~f—ﬂLJun
Uy, = Uy Uy — U,

wp W Ypa

3.2. Tinh tc 4§

Thuét todn trinh bay dudi ddy thye hién
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tinh tde d6 theo biéu dd hinh thang, Goi ¥, ¥,
¥, 1l hrot [2 toc 4 hign tai, tho dd yéu chu
VA t6c d cudi ciia doan dudng NURBS C(u);
L 13 tdng chiéu dai cha C(u)va L, 13 phin
chidu dai con lai (L, = Lkhi bét diu ndi suy);
A 14 gia tde khi tang tde/gigm tée. Ta can
tinh the @ ¥, cho chu ky tiép theo.

Gidm tc véi gia 16 A

Hinh 1. Minh hoa thudt todn tinh toc 46

bt gia ﬂuet tc dd trong chu ky tiép
theo 1a V, va nim trén swom gidm tbc cla bidu
3 hinh thang. Vi gia thiét nay, bidu 46 tde do
tir hi€n tai tdi khi Kkét thiic doan duemg NURBS
(thoi di&f:m t )3 ninr hinh 1. Phan dién tich phia
dudi biéu do6 toc dd chinh la Ly .

Tacé:

RUAA N AL R

* 2
V=V, + 4, (t,-T) ‘(15)

Tl:‘t (14) va (15) rit ra phuong trinh bic
hai véi an tfnhu' sau:

dyult) (- 4, D)+, -V )T -2L, =0 (16)

Tir nghiém 7, cia (16) tinh duoe V,
theo (15), va tinh ¥, nhw sau:

* Bidu chinh V: =V, néa ¥, >V,.

- Tinh gia tée A=(F,—V.}/T. Néu
A> 4, ti didy chinh A=A ; néu
A<—-A, thididuchinhd= —A

« Cubi cing, tinh V, =V, + AT . @
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3.3. Tinh d§ dai duwomg NURBS

D0 dai L cia C(u) chn phéi tinh dé six
dung khi tinh tc d6 (muc 3.2). Ta c6 biéu thic

- 1(& (@) (&) -

f||c'(u)||du = [ f()du (17

y

Tich phén (17) trong trudng hop tong
quét 1a rét kho giai theo phuong phap giai tich.
Trong nghién ctru nay, phuong phap Simpson
thich nghi (Simpson adaptive formula) dugc
lua chon dé tinh L theo phuong phap s6 [4].

4. CAI PAT VA THU NGHIEM

Phin mém nguén mé LinuxCNC [5]
dugc lua chon 1am nén ting dé cai diit va thir
nghiém thut to4n ndi suy NURBS. Do c6 kién
tric module héa, LinuxCNC cho phép nguoi
dimg ¢6 thé nghién ctru va chinh stta ﬂmg phén
m3 ngudn, trong khi ké thira céc phin khéc.
Trong Nghién ciru nay, ching t6i cai dat cac
thuat to4n ctia minh trong module EMCMOT
ctia LinuxCNC. Bay 1a module thi gian thye,
¢6 chu ky trich mau 12 1 ms, va dwgc 18p trinh
bing ngén ngit C.

Thuat toan ndi suy NURBS dugce thir
nghi¢m trén méy phay CNC 3 true NOVAMILL
phuc vu dao tao. Pudmg NURBS thir nghiém
1a bién dang hinh canh buém. Sau khi nhip
vio céc dit liéu biéu dién dudng NURBS, thujt
todn ndi suy didu khién chuyén déng cia céc
true X, Y va v& dugc bién dang nay nhir hinh 2.
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Hinh 2. Bién dang hinh cdnh biém dwge vé boi
thudt toan ngi suy NURBS

5. KET LUAN

Baii bdo da trinh bay nguyén 1y co ban
va mdt sb vén @ tinh todn cy thé cta thuat
todn ndi suy dudéng NURBS theo thoi gian
thyre cho hé théng CNC 3 truc. Dua trén phin
mém ngudn mé LinuxCNC, thut to4n ndi suy
NURBS da duqc cai dat va thir nghjem Vi cde
két qua buuc dau thanh cdng. Cac két qua ndy
mo ra tnen vong trong viée ung dung hé dleu
khién s6 kiéu PC-based va phén mém ngudn
mé dé nghién ctru, phét trién céc thudt to4n noi
suy NURBS, ciling nhur cic thudt todn tién tién
khac trong hé théng CNC. %
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