ANH HUGNG CUA HINH HOC DUNG CU VA BUGNG DAN DUNG CU
DEN DO CHINH XAC BE MAT CHI TIET MAY KHI GIA CONG
TREN MAY CNC 3 TRUC

Nguyén Tién Tiép
Khoa Dién - Co, Truwong Dai hoc Hdi Phong
Email: tiepnt@dhhp.edu.vn
Ngay nhan bai: 18/5/2023
Ngay PB danh gia: 23/5/2023
Ngay duyét dang: 14/7/2023

TOM TAT: Trong bai bdo nay tac gid nghién ctru anh hudng ctia hinh hoc dung
cu va dudng dan dung cu t6i do chinh xac bé mat chi tiét may khi gia cong trén
may phay CNC 3 tryc. Hinh hoc dung cu va dudng dan dung cu 1a nhimg yéu t6
anh hudng 16n dén do chinh x4c bé mat chi tiét may. Hién nay, hau nhu may CNC
da thay thé phan 16n cac may gia cong truyén théng, Két qua nghién ciru cho thay
réng hinh dang hinh hoc dung cu va duong dan dung cu déng vai trd quan trong
trong qua trinh gia cong va n6 anh huéng 16n dén chét lugng bé mat chi tiét may
sau gia cong. Nghién ctru ciing dé xuat phuong phap t6i wu dudong dian dung cu
dé dat do chinh xac cao khi gia cong mot sé dang bé mat pho bién trén may phay
CNC 3 truc.

Tir khéa: Mit tu do, dudng dan dung cu, may phay CNC 3 truc.

THE IMPACT OF TOOL GEOMETRY AND TOOL PATH ON THE SURFACE
ACCURACY WHEN MACHINING ON THE CNC 3-AXES MACHINE

ABSTRACT: In this paper, we study the influence of tool geometry and tool
path on the surface accuracy of machine parts when machining on a 3-axis
CNC milling machine. Tool geometry and tool path are major factors affecting
the surface accuracy of machine parts. Currently, most CNC machines have
largely replaced traditional machines. The research results show that the tool
geometry and the tool path play an important role in the machining process,
and they also greatly affect the surface quality of machine details after
machining. The study also proposes an optimal method for the tool path to
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achieve high accuracy when machining some common surface types on a 3-

axis CNC milling machine.

Keywords: Freeform surface, toolpath, 3-axis CNC milling machine.

1. PAT VAN DPE

Trong qué trinh gia cong cac
chi tiét may trén may phay CNC,
viéc lya chon dung cu va dudng dan
dung cu hop ly dong vai trdo quan
trong, anh hudng 16n dén ning suit
va dg chinh xac gia cong. Lya chon
hinh hoc dung cu phu hop véi bé
mit gia cong c6 thé anh hudng 16n
dén chat luong bé mat chi tiét sau
khi gia cong. Ngoai ra, chién luoc
gia cong cling anh huong 16n tdi do
chinh x4c ctia bé mat. C6 nhiéu cong
trinh nghién ctru vé van dé nay da
duoc cong bd trong cac tap chi
chuyén nganh uy tin trén thé gidi. P.
Spanoudakis va cdng su [1], da
nghién ctru tdi uu héa lya chon dung
cu cho phay tho cac bé mit tu do, di
dua ra thuat toan lya chon hinh hoc
dung cu thich hop véi ting dang bé
mat. Hoang Van Quy va cong sy [2],
da nghién ctru phuong phap tdi uvu
hoa duong dung cu khi gia cong cac
mit ty do trén may phay CNC, két
qua nghién ciru cho thdy rang anh
huong cia hinh hoc dung cu dén do

chinh xac bé mit chi tiét sau khi gia

cong 13 ¢6 tuy nhién khong nhiéu
bang chién lugc gia cong twong tng
véi ting bé miat khac nhau. S.
Sarkar va cong su [3], da nghién ctiru
giai phap toi wu hoa duong din dung
cu dé gia cong cac bé mit ty do dua
trén co s& phuong phdp iso-
parametric. Trong nghién ctu nay
da st dung dao phay ngén dau chom
cau dé gia cong cac bé mat, sai sb
duogc chi ra sau mdi budc gia cong
s& duoc tinh toan chi tiét va trong
gidi han chip nhan dugc. Trong
nghién ctru nay dé don gian hoa viée
tinh todn anh hudéng cua hinh hoc
dung cu va duong dan dung cu thi
cac bé mit cong duoc xap xi hoa
thanh cac cung tron ¢ vung cuc bo.
Trong mot nghién ciru vé gia cong
cac bé mit diéu khic [4] (mot tén
goi khéc cua bé mit tu do, hay cac
bé mat phtrc tap) B. Choi va cong su
da dua ra cac gidi phap lua chon
dung cuy, dua ra phuong trinh tinh
toan duong dan dung cu hop 1y dua
trén cac diém tiép xuc dung cu - chi
tiét (CC-point) hodc diém vi tri tAm
dung cu (CL-point). Pay la mot
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cong trinh 16n nghién ctru vé mang
gia cong bé mit ty do nay. Hau hét
trong nghién clru nay tac gia cling
lga chon dung cu gia cong tinh bé
mit ty do 1a dao phay ngon dau
chom cau va céc ndi dung khac tap
trung vao chién lugc gia cong.
Trong mdt nghién cuu khidc Hoang
Van Quy va cong su [5], cling da
nghién ctru anh hudéng cua duong
dan dung cu tdi chat luong bé mat
chi tiét may. Nghién ciru da xdy
dung ma tran truc giao Taguchi dé
tién hanh tdi vu héa thuc nghiém va
tim ra anh huong 16n nhat dén chat
lurgng bé mat 1a dudong dan dung cy.
Ngoai ra, dé 1am rd hon anh huéng
cua cac yéu t dén chit luong bé mat
chi tiét may tac gia Hoang Vian Quy
va cong su da nghién ctru giai phap
dé tach bé mat tu do thanh cac vung
¢ tinh chat khac nhau [6] dé tién
hanh gia cong cuc bo ting ving bé
mit. Két qua 1a chit luong bé mit
chi tiét may duogc cai thién va ning
sudt gia cong cao hon so vdi cac
phuong phap thong thuong. Co thé
néi trong cac nghién ctu da dé cap
& trén, khi nghién ctru vé anh huong
ctia cac thong s6 dén do chinh xéc
bé mit chi tiét may khi gia cong trén
cac may CNC déu nghién ctru vé
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dudng dan dung cu va mic dinh
hinh hoc dung cu theo tiéu chuén.
Trong nghién ctru nay tac gia mudn
lam r6 hon mac d¢ anh hudng cua
hinh hoc dung cu t¢i do chinh xéc
bé mat va bd sung thém chién lugc
chay dao dé nghién ctru 1a mot giai
phép tong thé, co6 tinh ing dung va
c6 tinh khoa hoc.

2. PHUONG PHAP NGHIEN CUU

2.1. Nghién ciru Iy thuyét vé anh
hwéng ciia hinh hoc dung cu dén chat
lwong tao hinh bé mit trong gia cong
trén may phay CNC 3 truc

Trong gia cong phay cac bé mit
chi tiét may néi chung thudng trai
qua 3 budc la: gia cong thd, gia cong
bén tinh va gia cong tinh. O budc gia
cong tinh muc dich 1a 14y hét phan
lugng du trén bé mit chi tiét do budc
gia cong trudc dé lai, do vay hinh
hoc cua dung cu cit va hinh hoc
duong chay dao c6 anh huong rat 16n
dén kha ning lay di phan lugng du
ciia bé mit khong gian.

Trong pham vi dé tai tac gia
nghién ctru anh hudéng cta hinh hoc
duong chay dao khi gia cong ba dang
bé mat 1a mat phéng, mat cong 161 va
dang mat cong 1om st dung dao phay

dau cau trén may phay CNC 3 tryc.



1) 2

S

T
AN

NN

a. Gia cong mdit phing

b. Gia céng bé mat cong loi

c. Gia cong bé mdt cong lom

Hinh 1. Luong di dé lai sau gia cong véi dang bé mdt gia cong bang dao phay dau cau

Gia cong mit phang

hs

So/2

hs

A

Hinh 2. So do tinh chiéu cao nhdp nhé khi gia cong mdt phang

Gia cong mit phing bang dao
phay dau cau, duong chay dao theo
phuong bét ky thi chiéu cao phan
lugng du dé lai sau gia cong 1a nhu
nhau va duogc tinh nhu sau:

he=R— |R2-%
S 4

e Gia cong mat cong 161

(1

Trong truong hop gia cong bé
mit cong 16i trén may phay 3 truc

dung dao phay dau ciu v6i cing mot
budc tién ngang Sp trén Hinh 3 ta
thdy khi cat ¢ dinh cung cong thi
chiéu cao nhap nho (hs1) 1 nho nhat,
con khi cit & phia phai nhat hodc trai
nhit cia cung cong thi chiéu cao
nhap nho (hs) 14 16n nhat, do d6 ta
can tinh dugc budc tién ngang S, dé
chiéu cao hs, nim trong pham vi cho
phep (hsn<[hs]).
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So db tinh chiéu cao nhap nho khi gia cong bé mit cong 16i (Hinh 4) voi:
So: 1a budce dich dao ngang
hsn: 14 chiéu cao nhap nho 16n nhat
p: La ban kinh cung cong can gia cong
R: La ban kinh miii dao

—-
= e -—
| e

L)
=

3n

h

T TNEAR

Hinh 3. Sor do tinh chiéu cao nhdp nhé khi gia cong bé mdt 16i bang dao dau cau

Ta c6 phuong trinh dudng tron tAm O; ban kinh R (dudng tron dau dao)
trong hé truc toa dg oxy la:

(x —x0)>+ (¥ —y0)? = R* (2)
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Trong do:
Xg = P + R — SO

Khi do: hy, =

3)
Yo =+ (p+R)? = (p+R—5)?=1/So(2p + 2R — S,) @)
Nhin trén hinh vé ta théy hg, max tai vi tri x = p;
prt+y?—p (5)
Thay Thay (3) va (4) vao phuong trinh (2) ta dugc:
(So = R)? + (v — /So(Zp ¥ 2R —5)) = R (6)

&y =+/5y(2p + 2R — S;) ++/2RS, — SZ (loai, do v6i x = p nhu trén

Hinh 3 thi y nhan gié tri nhé hon)

Hodc y=/So(2p + 2R — Sy) — y/2RS, — 52 (7
Thay (7) vao (5) ta dugc:

5 2
hey = Jpz + [So(2p + 2R =5¢) = /2RS, — 53| - p ®)

e Gia cong bé mit cong 16m

Tuong ty nhu bé mit cong 161,
khi gia cong bé mat cong 16m bang
dao phay ngén dau cau chiéu cao
nhép nho thay doi theo vi tri ciia dao,
nhin trén Hinh 4 ta thiy véi cing mot
budc tién ngang Sy thi chiéu cao
nhép nho khac nhau tai mdi vi tri clia
dao trén cung tron va khi dao ¢ vi tri

trdi nhat hodc phai nhit cua cung
tron thi chiéu cao nhdp nhé 1a 1én
nhat, ta can tim ra dai luong nay dé
khi gia cong lua chon gié tri So hop
ly dé co dugc gia tri hy nam trong

gi¢i han cho phép cua bé mit gia
cong (hs <[hs]). Phuong trinh dudng
tron tdm O; ban kinh R (dudong tron
dinh dao) trong h¢

Hinh 4. Sor do tinh chiéu cao nhdp nhé khi gia cong bé mdt cong Iom bang dao phay dau cau
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(x —x0)* + (y — ¥0)* = R?

Trong do:
Xo=p—R
Yo =0

Trén hinh v& ta thiy hymax = he tai vitri x = p — S
Thay (10); (11) va (12) vao (9) ta dugc:

(R—S50)*+y*>=R*<y®>=R*— (R - S,)*

Co: hey = p —Jy? + (p — Sp)?

& hg =p—R?2 = (R = Sp)? + (p — Sp)?

Shgy = p —25,(R — p) + p?

)

(10)
(11)
(12)

(13)

(14)

Tong hop lai ta dugc két qua tinh chiéu cao nhip nhé 16n nhat khi gia

cong cac dang bé mat duogc biéu dién trong Bang 1.

Bang 1. Tinh toan chiéu cao nhip nhd 16n nhit khi gia cong cac bé mit biang

dao phay ngén diu chém cau.

Dang bé mit

STT R Cong thirc tinh
gia cong
Gia cong 2
L I hy=R— |[R2 -2
mat phang s 4

5 Gia cong , 3 2
mit cong 16i hgy = [p*+ [\/SO(ZP + 2R = So) — /ZRSO - Sol —-p
Gia cong
3 hez = p = 25(R — p) + p?

mat cong 10m
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Ap dung tinh cho bé mat cu thé tuongung ban kinh cong ban dau 1a p=
twong ing v6i dao D=16mm, luong dich 50 mm, sau do tang 10 mm tuong tmg,
dao ngang So=2mm, tinh cho 20 mau ket qua dugc thé hién trong bang sau:

Bang 2. Két qua tinh lrgng dw I6m nhét dé 1ai sau gia cong miu

STT o) So R hs hs1 hs2

(mm) (mm) (mm) (mm) (mm) (mm)
1 50 2 8 0.063 0.953 1.709
2 60 2 8 0.063 1.014 1.759
3 70 2 8 0.063 1.065 1.794
4 80 2 8 0.063 1.108 1.821
5 90 2 8 0.063 1.146 1.841
6 100 2 8 0.063 1.178 1.857
7 110 2 8 0.063 1.207 1.870
8 120 2 8 0.063 1.233 1.881
9 130 2 8 0.063 1.256 1.891
10 140 2 8 0.063 1.278 1.899
11 150 2 8 0.063 1.297 1.905
12 160 2 8 0.063 1.315 1.911
13 170 2 8 0.063 1.331 1.917
14 180 2 8 0.063 1.347 1.921
15 190 2 8 0.063 1.361 1.926
16 200 2 8 0.063 1.374 1.929
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17 210

0.063 1.386 1.933

18 220

0.063 1.398 1.936

19 230

0.063 1.409 1.939

N | N NN
o0

20 240

0.063 1.419 1.941

2.000 4 hs

1.800
1.600
1.400
1.200
1.000 S
0.800
0.600
0.400
0.200

»

p

Hinh 5. Biéu do moi quan hé giita chiéu cao luong dw sau gia cong voi ban kinh cong

cua bé mat gia cong

Tir két qua trén ta thay khi gia
cong bé mit 1a dang mit phing thi gia
tri chiéu cao nhap nho hy dé lai 1a nhu
nhau vé&i bat ky huéng chay dao nao
va 0 gia tri nho nhét, véi bé mit cong
16m thi chiéu cao nhap nho hg, s& co
gi4 tri 16n nhat.

Khi gia cong bé mit chi tiét ta can
phan chia ving gia cong theo dang bé
mat va lya chon dudong chay dao co
phuong pht hop dé phan luong du con
lai thap nhit. Vi ving bé mit c¢6 dang
mat cong 10i va dang mit cong 16m thi
duong chay dao s€ chon c6 hudng
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trung v&i1 dudong sinh cong cua bién
dang, khi d6 v6i bude tién dao ngang
s& tao ra lugng du gan tuong duong
v6i gia cong mit phing, do d6 do
chinh x4c bé mat dat cao nhét.

2.2. St dung phin mém
Siemens NX dé mé phéng gia
cong va phén tich lrong du dé lai
sau gia cong nhim kiém nghi¢m
lai 1y thuyét da tinh toan.

Kiém nghiém lai két qua tinh toan
bang mo phong gia céng trén phan mém
CAD/CAM véi gia cong cac dang bé
mat véi cac hudng khac nhau.



Bang 3. Thong so dung cu ciit va thong so ché dj cat

Kich o e £ 1
STT Loai dao thuée Buwéce dich Bal‘i kll:h c?ng Lu’o’ng duw
dao ngang cuabé mat gia cong
dao
1 | Phay ngon dau cau | 16mm 2mm 60mm 0,5mm

Gia cong mat cong 161 va médt cong 10m vaéi kich thudce va cac hudng chay
dao duoc biéu dién trén Hinh 6.

Dang bé mit Hwoéng chay dao ngang | Huwdng chay dao doc

B¢ mat cong 16i

Bé mat cong 1om

Nt

~

100

Hinh 6. Két qua mé phéng gia cong va phan tich lwong dur
trén hé thong CAD/CAM thwong mai NX12.

Két qua mo phong gia cong va phan tich luong du dé lai sau gia cong
bang phan mém Siemens NX dugc thé hién trén Hinh 7.
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Vi dang bé mat cong 16i, dung cu cat di chuyén theo phuong ngang, két
qua phan tich duoc lugng du 16n nhat dé lai sau gia cong 14 0,1003 mm.

I il PUIROSES {9 3

0. 1004

0.07800

Minimal Destance: 0.1004

= Range Colors and Limits

Maximum

: | 0.01300
+
s - N
: E q -1.270e-03
¢ [
Minimum i3
Reset Colon |\:u I
. A

Hinh 7. Két qua phan tich heong die con lai sau gia cong

Vi dang bé mit cong 16i, dung cu cat di chuyén theo phuong doc, két
qua phan tich duoc luong du 16n nhat dé lai sau gia cong 14 0,0836 mm

:

A o commecial pUTposas

& -

0 08361
Minimal Distance: 0.0726 9:07200
"
0 0800
0 0480
0.0360
= Range Colors and Limits 0.02400
voen 1 [
o IIIII. 0.01200
: I 0.0
« - i
5 - -8. 150403
¢ [
s I
Minimum v
-

Hinh 8. Két qua phan tich heong dir con lai sau gia cong
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Vi dang bé mat cong 1dm, dung cu cat di chuyén theo phuong ngang, két
qua phan tich duoc lugng du 16n nhat dé lai sau gia cong 14 0,5117 mm.

@ Analyze ? X

% * Measure Distance

a.5m7
0.3900
Y
Q.325
Q. 260
0.198
* Range Colers and Limits
maamory 1 [ R 0.5117 0.1300
2 -350
| BEED S
sl o
» - [
& :| 300 -7.210e-04
7 (. 0&50
s 1N 0.0060
Minimum =0.0007
Reset Colars = o
o | e |

Hinh 9. Két qua phan tich heong die con lai sau gia cong

Véi dang bé mit cong 16m, dung cu cét di chuyén theo phuong doc, két
qua phan tich duoc luong du 16n nhat dé lai sau gia cong 14 0,0917 mm.

A 1585 G)'- U

0.09178
0.08400
™
00720
0. 0600
0.0480
= Range Colors and Limits 0.03600
saxiown 1 [ A 0.0817
: I | o0 o-ozs00
; N 0.0720
0.01200
« B [ .0600 |
.y | 0.0480 0.0
s I | o0.0360
7 ] 0.0240
T Emx
Minimum 0.0000]
. i
. o (ke

Hinh 10. Két qud phén tich lwong dw con lai sau gia cong
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3. KET LUAN

Tir két qua tinh toan va két qua
mo phong bang phin mém Siemens
NX chung ta thdy véi cling mot bé
mat, voi duong chay dao theo phuong
doc thi lugng du dé lai sau gia cong s&
nhé hon truong hop duong chay dao
theo phuong ngang. Do do khi gia
cong bé mit chi tiét ta cAn phan chia
ving gia cong theo dang bé mit va lya
chon duong chay dao c6 phuong phu
hop dé phan luong du con lai thap
nhat. V&i ving bé mit c¢6 dang mat
cong 16i va dang mit cong 16m thi
duong chay dao s€ chon c6 hudng
trung voi duodng sinh cong cua bién
dang, con voi dang bé mat 14 mat
phang thi c6 thé chon duong chay dao
theo phuong bat ky. Ngoai ra hinh hoc
dung cu ciing anh huéng dén d6 chinh
xac bé mit chi tiét may. Tuong tng
v6i mdi dung cu c6 thé lya chon
nhitng dudng dan dung cu khac nhau
dé phdi hop trong gia cong vira dam
bao ning suat vira dam bao do chinh
xéac bé mit chi tiét sau gia cong.
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