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TOM TAT: Hién nay, gia cong cac chi tiét may trén may CNC da dugc phd bién va thay
thé phan 16n cac phuong phap gia cong truyén thong. Bai bao nay trinh bay mot phuong
phap dé tao duong dan dung cu gia cong mit ty do trén may phay CNC 3 truc st dung
phuong phap phan hoa bé mit thanh ludi tam giac. Ving bé mit gia cong s& duoc xap xi
hoa boi cac manh tam giac. Tai cac ving bién ctia bé mit cac xap xi s& dugc tinh chinh bu
sai sO dé tao dugc cac ving bién x4p xi. Qua trinh thir nghiém bang mé phong trén phan
mém CAM ciing cho thdy hiéu qua cta phuong phap dé xuét co cai thién hon so véi cac
phuong phap da dugc gidi thicu.

Twr khéa: Mit tuy do, duong dan dung cuy, tdi wu hoa duong dan dung cu, may phay CNC
3 truc, tam giac hoa bé mat.

TOOLPATH GENERATION STRATEGY FOR FREEFORM
SURFACE MACHINING ON 3 CNC AXES USING TRIANGULAR SURFACES METHOD

ABSTRACT: Nowadays, machining parts or surfaces on CNC machines have been widely
and have replaced most of the traditional machining methods. In this paper, we introduced
a method to toolpath generations for the freeform surface on 3 axes CNC milling. The
surfaces were divided into triangular patches. Scripts created on Matlab 2010 to generate
toolpath and export G-code for freeform surfaces. Simulating on CAM software also
shows that the effectivesness of the proposed method has improved compared to the
traditional methods.

Keywords: Freeform surafaces, toolpath, optimization toolpath, 3 axes CNC, triangular.
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1. PAT VAN PE

Gia cong trén cac may CNC hién nay
duogc st dung rong rai trong cong nghiép tur
don gian téi rat phuc tap, vi du nhu cong
nghiép san xuit 6 to, hang khéng vii tru,
khuon mau... Trong d6, may CNC 3 truc c6
murc d6 phd bién 16n boi vi tinh don gian
trong két cau, diéu khién va dic biét 1a co
thé gia cong duoc hau hét cac chi tiét tir don
gian dén phic tap, chiém ti 18 rat 16n trong
cac loai chi tiét trong cong nghiép. Trong
khi d6 cac may phay 4 hodc 5 truc mic du
c6 tinh linh hoat trong gia cong rat 16n,
nhung gia thanh dat va ti 16 cac chi tiét can
gia cong trén cac loai may nay ciing thép.
Do d6 viéc ti wu hoa khi gia cong trén cac
méay phay CNC 3 tryc 1a rat can thiét va
duoc nhiéu nha nghién ctru tap trung nghién
ctru nham ti wu cac duong dan dung cu trén
nhém may nay. Viéc tao duong dan dung cu
trén bé mit tu do 14 van dé chinh trong qua
trinh gia cong tinh bé mit, ciing 1a muc tiéu
chinh ctia nghién ctru nay. Thong thudng cé
3 k¥ thuét pho bién dugc cic nha nghién ciru
sir dung dé tao dudng din dung cu d6 1a ky
thudt iso-parametric [1], k¥ thudt iso-planar
[2] va k¥ thuat iso-scallop height [3]-[7]. K§
thudt iso-parametric st dung cac duong
cong Vi cac tham sé khong doi lam duong
dan dung cy. Dung cu cat di chuyén theo cac
duong cong ding tham sb cta bé mit theo
mot chiéu, thuong la ¢ dinh mét tham s va
di chuyén theo tham s6 con lai hodc theo
duong zigzag. Trong khi d6 phuong phap
iso-planar sir dung cac duong giao tuyén cua
cac mit phing song song cach déu nhau voéi
mat ty do dé lam duong din dung cu.
Phuong phap ndy dic trung bang khoang
cach c¢6 dinh gifta c4c mit phing song song
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v61 nhau trong khong gian. Phuong phép
iso-scallop height 1a phuong phép tao duong
dan tu do, nhung c6 giang budc 1a chiéu cao
phén kim loai dé lai sau mdi bude dich dao
ngang Sc (hinh 3) khong d6i. Phuong phap
nay hién nay duoc st dung kha nhiéu vi
duong dan dung cu tao ra bdi phuong phap
nay thuong 13 ngan nhat va do dong déu chat
lwong bé mit tdt.

Tuy nhién, hai phuong phép iso-
parametric va iso-scallop height hau nhu
pht hop voi cac mit biéu dién dudi dang
tham s. DPiéu nay khong tdt cho viéc tao
duong dan dung cu trén cidc may CNC vi
khéi luong tinh todn 16n, dac biét 1a d6i véi
cac diém tiép xuc dao - chi tiét gia cong
(Cutting Contact Points, CC-Points). Pé
don gian hon trong viéc tim cac diém CC-
points thi phwong phap da dién hoa bé mit
thuong duogc st dung. Pau tién bé mait tu
do tong quat dugc anh xa sang khong gian
tham s, tir khong gian tham s6 bé mit duoc
phan tach thanh cdc manh mat tir gidc, tu
cac manh mat tur gidc bé mat tiép tuc duoc
phan tach thanh cac manh bé mat tam giac.
Sau khi bé mat duge tham s hoa duge phan
chia thanh cdc mat mat tam gidc sé& dugc
anh xa nguoc lai khong gian Euclide. Trén
co s& bé mat ty do trong khong gian
Euclide da dugc tam giac hda, nghién ciu
nay s& xdy dung thuat toan dé tinh toan cac
diém CC-points twong tmg. Tl cac diém
CC-points s€ tinh toan dé xac dinh duoc cac
diém vi tri dung cu (cutting location points,
CL-points).

2. PHUONG PHAP NGHIEN CUU
2.1. Tam giic héa bé mit

Dbé tam gidc hoa mdt manh mat hoac
mot bé mat trong nghién ciru ndy thyc hién
tuan tu theo cac budc nhu sau:



Budc 1: Chuyén bé mat tu do vé Budc 5: Hiéu chinh bé mat tw do duoc

khéng gian tham sb u, v tam giac hoa.

Budc 2: Tt giac hoa bé mat trong Phuong trinh mot bé mat tu do dang
khong gian tham sb u, v téng quat (1).

Buéce 3: iac hoa bé m3 3% 1

) ¢ 3 TamA giadc hoa bé mat trong S(u,v) —ZZB,-,H(“)BL,"(V)BJ (1)

khong gian tham s6 u, v i=0 j=0

Buéc 4: Anh xa bé mit tir khong Trong d6 Pij 1a diém diéu khién (0 <
gian tham s6 u, v sang khong gian i, j <n); Bia(u), Bjm(v) 1 cac tham sd cia
Euclide. mat cong Bezier [8].

B _(u)= n—!ui(l -u)™ B, (v)= Vv ([1=v)"
" il(n—1i)! ST jim= )

l/ Bude 5

Khi mét bé mat dugc tam giac hoda thi tai cac vung tam giac hoa c6 sai so day cung,
dé hi¢u chinh sai s6 nay thi can phai xap xi chiing.

Budce 3

Budc 4

Hinh 1. So do cdc budc tam gidc hoa bé mdt tw do

Manh
mat
thuc

Manh
tam
giac

Hinh 2. So do tinh xdp xi dung sai bé mdt thiee véi manh tam gidc
Trén hinh 2, & goi 13 sai s 5 xép i bd mat tam giac tién dan tGi bé mat thuec.
mat thuc véi manh tam giac. Sai s6 nay anh Goi Pr 12 diém nam trén bé mat thuc
hudng téi d6 chinh x4c ctia bé mat trong gia  trong khong gian Euclide tai trung tdm day
cong. Do d6 dé lam chinh xac héa bé mit cung PiP2 con Ppla diém nam trén bé mat
can phai xap xi tham s6 nay sao cho manh tham s, tirc 12 nam trén canh P1P; ciia mot
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manh mit tam gidc. Dé dang xac dinh duoc
gié tri khoang cach gifra hai diém nay, tirc 1
xac dinh dugc gia tri €. Tuy thude vao do
chinh xac gia cong yéu ciu ma chung ta co
duogc gia tri sai s6 toi han [€]. Gia tri tinh toan
¢ luén khong duoc vuot qua gia tri [€], néu
trong qua trinh chia ludi gia tri nay vuot qua
gia tri t&1 han thi luéi tiép tuc duogc chia doi.

2.2. Xac dinh dwong tiép xiic dung
cu - chi tiét

M&i vi tri gia cong, dung cu sé tiép
xuc véi chi tiét tai diém CC-points. Tap hop
tat ca cac diém CC-points s€ tao thanh mdt
doan (thang hodc cong) tiép xuc dung cu -
chi tiét. Trong qua trinh gia cong, co v sb
cac doan thflng tiép xuc dung cu - chi tiét,
tap hop cac doan d6 goi 1a dudng tiép xuc
dung cu - chi tiét goi la CC-paths. Xac dinh
duong CC-paths c6 tinh quyét dinh toi do
chinh x4c ctia bé mit chi tiét dugc gia cong.
Do chinh xac gia cong duoc quyét dinh baoi
hai thong sd, thong sd thir nhat 1a d6 16n cua
chiéu cao scallop va thong sb thr hai 1a sai
s6 bude tién doc, trong d6 chiéu cao scallop
phu thudc vao budc tién ngang. Diéu d6 co
nghia 13 gi4 tri bude tién ngang va budc tién
doc ¢6 anh huong tryc tiép dén khong chi
ning suat ma con 1a do chinh xéac cua chi
tiét khi gia cong trén may CNC. D¢ tinh
toan duong dan dung cu thi can phai tinh
toan diém CC-points. Dé tinh toan diém
CC-points theo gia tri cia do chinh xac yéu
cau, nghién ctru nay st dung phép ndi suy
tuyén tinh. Cac budc tinh toan diém CC nhur
sau:

Buédce 1: Tim tat ca cac tam gidc mo
hinh hoéa 1én bé mait

Budc 2: C6 dinh 1 tham sd, cho tham
sO con lai chay gia sir y=yi, i=1,n
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Budce 3: Sip xép cac manh tam giac
theo trinh tu trén co s& toa do x duogc ¢
dinh trudc do6 va cac dinh tam gidc. Céc
diém giao nhau nam trén canh ciia tam giac
s& duge chon lam céc diém CC.

Budc 4: Két noi cac diém CC tao ra
cic doan CC twong tng véi mdi mot 1at cat

Budce 5: Két ndi cac doan CC thanh
duong CC hoan chinh

Pé thuc hién duge Budce 4 voi tat ca
cac doan CC thi can phai xac dinh dugc
budc tién ngang. Khoang cach budc tién
ngang 1a khoang cach giira 2 lat cat lién tiép
ma dung cu cét di chuyén trén bé mit caa chi
tiét. Khoang cach nay phu thudc vao do cong
cuc bo tai diém cit. Dé xac dinh do cong cuc
bo clia bé mit tai diém cit phai xac dinh
duoc ban kinh cong tai do.

Phap tuyén don vi:

— SuXSy
T ISuxSyl 3)

Trong d6 Sy va Sy 1a dao ham riéng
ciia phuong trinh bé mit tw do biéu dién
dang tham s theo huéng u va v.

Ban kinh cong cuc b0 tai diém xét
duoc xac dinh theo cong thirc sau [9]:

_E+2Fa+Ga’
" L+2Ma+No?

Trong do cac gid tri E, F, G, L, M, N
[8] duogc xac dinh theo (5):

“4)

Couou’ ou v’ ov Ov
2
Lza—fn,M oS n,N = afn ®)
ou ouov ov
[qu de}
o= dt
{qu de}
dt



Trong do:

E, F, G: Hé s6 co sO thir nhat cia bé
mat tu do S(u,v).

L, M, N: Hé sb co s& tha hai cta bé
mat tu do S(u,v).

Trén hinh 3 biéu dién so d6 tinh toan
budc tién ngang S.. Khoang dich dao

1a khoang AC rat nho nén cung AC cé thé
xap xi thanh doan thang AC, va d6 cong
cuc bd p1, p2 xap xi bang nhau, do d6 dit
dd cong nay 1a p.

Xét tam giac dong dang AO1XO ~
AADO ta co:

‘ oo e 00 _0X _ 5% _4p90
ngang trén bé mat cua chi tiét tr diém A 10 = D =0X=4 10 ©)
dén diém C, vi tri thm dung cu tai céac vi tri S ( R4 )

A, B lan luot 12 O1 va O,. Do luong dich = ?” P
dao khi gia cong tinh thuong 13 rit nho tirc p
01 X 02
R
A
D /¢ -
Sn/?
P2
P1
[¢]

Hinh 3. Sor do tinh todn buwéc tién ngang

Xét tam giac vuong O1XB vuong tai X va O1XB cling vudng tai X ta co:

0B*=0X*+XB> < R*=0,X* + XB

(7

00" =0X*+XO* & (R+p) =0X* + XO* =0X* +(XB+Sc+p)’

Thay (6) vao (7) ta co:

8

\S]

XB*=R*-0,X° =R2—(

(R+p) =0X*+ X0 =

J + \/Rz—(iwj +5c+p | ®
2. p

2
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T phuong trinh (6) rut ra gia tri Sy,
gia tri Sn chinh 13 bude dich dao ngang dé
xac dinh dugc vi tri cua doan ké tiép, qua
trinh nay lap lai sé xac dinh duogc

Pe, = Pec +7+*nMbdi  CC-points  s&
xac dinh dugc mot CL-points () twong ung
theo (7). Tap hop cac CL-points thanh
duong dan dung cu. Dé xuit md G-code thi
chuong trinh sé xuét theo toa do cua cac
diém CL-points nay. (8)

2.3. Hiéu chinh dwong din dung cu

Sau khi céc dinh tam giac x4c dinh
dugc thong qua qua trinh phan chia ¢
trén, ludi tam giac s€ dugc hinh thanh.
Tai mdi dinh cia tam giac s& xac dinh vi
tri cua dung cu tiép xtc chi tiét. Puong
dan dung cu s& co thé thuc hién theo hai
hudng tur dinh tam gidc no téi dinh tam
giac kia (hinh 4).

CL-points

CC-points

Hinh 4. CC-points, CL-points, CC-path
va CL-path

Sau khi bé mat duoc da giac hoa thi
c6 thé sinh ra rat nhiéu huéng diéu khién
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dung cu cit. Trén hinh 4 biéu dién hai
huéng chinh dé dan dao 1a doc va huéng
chéo. Dé dam bao d¢ chinh xac & cho
trude, thi c6 tinh toan so sanh sai sd nay
theo hai phuwong phap tai vi tri cac diém
cat. T do duong dan dung cu s& duogc
hiéu chinh theo sai sb .

3.KET QUA VA THAO LUAN

Pé kiém tra tinh xac thuc cta thuat
todn trén, trong nghién clru nay xay dung
mdt bé mit ty do co6 25 nut, kich thuéce
200x200mm (hinh 4). Phéi x*y*z =
200*200%36, trong d6 phan luong du trén
bé mat dé luong toi thiéu 1a Imm.

Hinh 5. Bé mdt va chi tiét long phdi

Tao ludi tam gidc bé mit va dudng
dan dung cu.

Két qua cho thdy phuong phap nay
rat phu hop khi can xdy dung dudng dan
dung cu ddi véi cac bé mat tu do. Mat do
cua ludi anh huong tryc tiép to1 do chinh
xéac cua chi tiét dugce yéu cau. Puong dan
duoc tao ra boi phuong phap ludi hoa bé
mit c6 hiéu qua vé mit thoi gian tét. Tuy
nhién néu véi nhitng yéu cau qua khit khe
vé do chinh xac thi mat do ludi tré 1én day
dac, qua trinh tao luoi s€ tiéu ton thoi gian
cling nhu tai nguyén may tinh twong dbi
16n,do d6 can thuc hién trén nhiing may



c4u hinh cao. Tuy nhién phuong phéap nay
kha phu hgp véi cac dang bé mit tu do
hodc ké ca cac dit liéu dudi dang dam may
diém. Khi cac cong nghé quét 3D ciing
nhu cac thiét bi quét ngay cang tién tién
thi cac dir liéu dam may diém s& duoc s
dung nhiéu, day cling la mdt loi thé dé
phuong phap da giac hoa bé mat co tinh
ung dung 16n. Giai phap nay s€ mé rong
thém cac giai phap xiy dung duong din
dung cu cho gia cong cac bé mit phirc tap
trén cac hé théng CAD/CAM thuong mai.

Hinh 6. Lu6i tam gidc va dwong dan dung cu

5. KET LUAN

Thuat toan dwoc dé xudt dé sinh
duong dan dung cu trén cac mit ty do theo
giai phap tam giac hoa bé mit. Cac dudng
dan dung cu duoc sinh ra déu 1a cac duong
cong phang, do d6 dé dang xac dinh dugc
tbc do tién dao doc va ngang nhim ting
ning suat ciia qué trinh gia cong ma van
dam bao dugc do chinh xac. Két qua md
phong duong dan dung cu chirng minh
thuat toan la hoan toan kha thi va c6 tinh
rmg dung thyc té. Phuong phap dé xuit c6

thé cai thién va tu dong hoa qué trinh gia
cong bé mit ty do trén cac may CNC 3
truc hd tro cho cac hé théng CAD/CAM
trong viéc sinh duong dan dung cu.
Phuong phap nay phu hop véi cac dang bé
mat phirc tap nhu bé mat tu do. Dic biét
n6 ciing phi hop v6i mot loai dir lidu bé
mat dang dan tré [én phd bién 1a dam may
diém, mot loai dir lidu thu duogc trén cac
may quét 3D. Qua d6 md rong tinh Ung
dung cua phuong phap nay Ién trong
twong lai kha 16n.
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