NGHIEN CU’U - TRAO DBOI

NGHIEN CU’U ANH HUONG CUA QUY BAO CHAY DAO PEN
DO NHAM BE MAT BANG MO PHONG TREN NX CAM

STUDY ON THE EFFECT OF TOOLPATH STRATEGIES ON SURFACE
ROUGHNESS USING NX CAM SIMULATION

TS. Nguyén Thi Thu Lé*, ThS. Lé Thi Minh Phuong
Vién Co khi, Truong Pai hoc Hang hai Viét Nam

*Email: lentt.vck@vimaru.edu.vn
TOM TAT

Bai bdo nghién civu anh hiong cia quy dao chay dao dén do nham bé mdt khi phay tinh hop
kim nhém trén phan mém NX CAM, nham gép phan lea chon ché dé gia cong hop Iy va ndng cao
chat lwong bé mat. Nghién ciru dwge thiee hién bang mé phong cdc quy dao chay dao trén NX12 véi
lirong chay dao thay doi tir 480 dén 2880 mm/ph. Két qud cho thdy quy dao chay dao anh hwéng
manh dén dé nham bé mdt hon lwong chay dao. Trén co so do, xac dinh quy dao chay dao phu hop
cho tirng dang bé mdt thwong gdp trong gia cong, dong thoi xdy dung phwong trinh hoi quy dé xdc

dinh gid tri Ra nhé nhdt trong pham vi nghién ciru.
T khoa: Phay CNC; Quy dao chay dao; PJ nham bé mdt; NX CAM; Bé mdt gia cong.
ABSTRACT

This paper investigates the influence of toolpath strategy on surface roughness in the finish
milling of aluminum alloy using NX CAM, with the aim of contributing to the selection of appropriate
machining conditions and improving surface quality. The study was carried out by simulating
toolpaths in NX12 with feed rates ranging from 480 to 2880 mm/min. The results show that toolpath
strategy has a stronger effect on surface roughness than feed rate. Based on these findings, suitable
toolpaths were identified for common surface types in machining, and a regression equation was

developed to determine the minimum Ra value within the investigated range.

Keywords: CNC milling; Tool path strategy, Surface roughness;, NX CAM; Machined

surface.
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1. PAT VAN PE

Trong gia cong phay, do nham bé mait
12 mot chi tiéu quan trong phan anh chat lugng
bé mit va kha ning lam viéc cua chi tiét co
khi, dic biét dbi véi linh vuc gia cong khudn
mau. Cac tai liéu vé NX CAM ciing khang dinh
vai tro cua vi¢e lya chon quy dao chay dao phu
hop trong qué trinh 1ap trinh gia cong [1], [2]
Mot s cong trinh nghién ciru da dé cap dén
anh huong cua chién luge quy dao dao dén chit
luong bé mat, nhu nghién ctru trén thép AISI
X210Cr12 [3], nghién ctru cua A. F. de Souza
va cong su vé anh hudng cua chién luoc quy
dao dao dén thoi gian gia cong thyc [4], hay
cong trinh ciia J. Bali¢ vé xay dung quy dao
dao t6i wvu nham cai thién chat lugng bé mit
[5]. Bén canh do, mot ) nghién ctru khac ciing
da phan tich truc tiép cac chién luoc chay dao
cho bé mit tu do [6] va phat trién phuong phap
t6i wu quy dao chay dao trong gia cong cac bé
mit ndy [7]. Tuy nhién, phan 16n cac cong trinh
trén chi yéu xem xét riéng 1¢ yéu té quy dao
chay dao. Thuc té cho thdy, trong phay tinh,
quy dao chay dao anh huong dén d6 nham bé
mit thong qua hudng tao vét cit, mirc do chong
lan giita cac vét dao va tinh 6n dinh cia qua
trinh cat. Pong thoi, luong chay dao ciling tac
dong truc tiép dén co ché hinh thanh nham bé
mit do lam thay d6i khoang cach va muc do
chdng 14p gitra cac vét ct lién tiép ctia dao. Vi
vdy, viéc nghién ctru anh hudng két hop cua
quy dao chay dao va luong chay dao dén do
nham bé mit 1a can thiét, qua d6 cho phép danh
gia murc do nhay cia do nham dbi voi tung yéu
t6 cong nghé. Trong nghién ctru ndy, cic quy
dao chay dao dugc xay dung va mé phong trén
phan mém Unigraphics NX 12, toc do cit va
chiéu siu cit duoc gitt khong d6i, trong khi
lugng chay dao dugc khdo sat & ba muc khac
nhau. Trén co s¢ d6, nghién ctru tién hanh dénh
gia anh huong cua quy dao chay dao dén do
nham bé mat, phan tich do nhay cua hai yéu td

quy dao chay dao va lugng chay dao, dong thoi
xac dinh quy dao phu hop cho qué trinh phay
tinh chi tiét.

2. THIET KE THUC NGHIEM
2.1. M hinh chi tiét va bé mit gia cong

Mo hinh chi tiét dugc thiét ké don gian
nhung dai dién cho cac dang hinh hoc thuong
gip trong thuc té gia cong, dong thoi thuan loi
cho viéc lap trinh CAM, gia cong va do nham.
Chi tiét nghién ctru bao gdm cac dang bé mit
dién hinh: bé mat phiang ngang, bé mit thanh
dung, bé miat phang nghiéng va bé mat cong.
Day la cac dang bé mit pho bién trong khuon
mau va chi tiét co khi chinh xac, dong thoi co
ddc diém tiép xtic dao va phoi khac nhau, din
dén co ché hinh thanh nham bé mat khac biét.

- Bé mit phing ngang hoic dung duoc
stt dung dé danh gia do nham trong diéu kién
tiép xtc 6n dinh gitta dao va phéi, thuong gip
trong cac nguyén cong phay tinh mit phang.

- Bé mat nghiéng duoc lya chon nham
xem xét anh hudng cua su thay doi goc tiép xtc
gitra dao va bé mit gia cong dén hudng vét cit
va sy chong lan quy dao dao.

- Bé mat cong dai dién cho céac bé mat
c6 ban kinh cong va diéu kién tiép xiic bién
thién lién tuc, anh huong manh dén qué trinh
tao hinh bé mat. Bé phu hop voi loai may phay
3D dung dé gia cong thuc nghiém, trong nghién
ctru nay chi xét loai mat cong don gian.

Kich thudc cac bé mat duoc lua chon
du 16n dé dam bao qua trinh gia cong 6n dinh
va cho phép do do nham tai nhiéu vi tri khac
nhau, déng thoi tranh anh hudng ciia ving vao
dao va thoat dao. Viéc st dung chung mdt mo
hinh chi tiét cho ca ba dang bé mat giup giam
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thiéu sai léch do yéu td hinh hoc, dam bao réng
su khac biét vé do nham bé mat thu dwoc chu
yéu xuét phat tir chién lugc chay dao va dic
diém bé mat gia cong, phu hop voi muc tiéu
cua nghién ctru.

2.2. Thiét 1ap quy dao dao trong NX CAM
Trong moéi truong NX CAM, nghién

ctru st dung hai nhom nguyén cong chinh la
mill_planar va mill contour dugc ap dung cho

gia cong cac bé mit phang, cac bé mit nghiéng
va bé mit cong gia cong trén may phay CNC 3
truc. Viéc lua chon cac nguyén cong nay phu
hop véi dic diém hinh hoc bé mat va diéu kién
thuc nghi¢m cia nghién ctru.

Vé&i mdi dang bé mat chon 3 nhom
kiéu di dao (bang 1) dai dién c6 khac biét o
vé hudng vét dao va tinh lién tuc. Thiét 1ap mo
phong duong chay dao cho bén dang bé mit dai
dién khi gia cong khuon mau.

Bdng 1. Cdc kiéu quy dao dao

Dang bé mit Nguyén cong

Quy dao chay dao

Bé& mit phang ngang Mill planar

Zig-Zag: Chay dao qua lai hai chiéu; Zig: Chay dao mot
chiéu song song; Follow Periphery: Chay theo bién dang.

Bé& mit thanh dung Mill contour

Zlevel Profile: Chay theo ting 16p; Follow Part: Dao bam
theo hinh dang bé mat chi tiét; Zig with contour: Chay
mot chiéu song song noi theo bién dang.

Bé& mit nghiéng Mill_contour

Streamline: Chay theo huéng dong cuia bé mit.
Contour Area: Chay d€ quét hét ving bé mat.
Area Milling: Cat cac vung doc 16n.

Bé mat cong Mill contour

Streamline: Theo hudng dong cua bé mit; Follow part:
Bam theo hinh dang chi ti€t; Spiral: Chay theo dudong
X0an.

2.3. Piéu kién gia cong

Thi nghiém dugc thyc hién trén may
phay CNC van nang CN-VMCS50, gidi han
gia cong 500 x 500 x 400 mm. Dung cu cét sir
dung 1a dao phay ngoén va dao phay cau hop
kim ctmg, duong kinh D = 12 mm, s me cit z
= 3. Vat liéu gia cong la hgp kim nhom A6061
dang phoi khéi kich thude 154 x 84 x 85 mm.
Ché do phay tinh duogc lya chon voi tde do truc
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chinh n = 8000 vong/pht, chiéu sau catt= 0,1
mm va ba muc lugng chay dao ring thip, trung
binh va cao: Sz = 0,02; 0,06; 0,12 mm/rang,
tuong ung lugng chay dao phut st dung trong
1ap trinh NC 1a F = 480; 1440; 2880 mm/pht.
Dung dich tron ngudi Emunxy 4% dugc phun
truc tiép vao ving gia cong véi luu luong 20
lit/phtit. DO nham bé miat duge danh gia bang
méay do d6 nham cam tay SRT-6223 theo chi

tiéu Ra, mdi bé mat do tai ba vi tri ddc trung. &
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3. KET QUA THU'C NGHIEM VA THAO LUAN

Két qua mo phong thyc nghiém thé hién trén hinh 1 dén hinh 4, bang 2 dén bang 5.

Zig-Zag

Zig

Bang 2. Két qua thuc nghiém gid tri do nham bé mat phang ngang

Follow periphery
Hinh 1. M6 phong duong chay dao gia cong mat phang ngang

Quy dao dao F (mm/ph) Ralan 1 Ra lan 2 Ra lan 3 Ra tr(l:::f)binh

480 1,54 1,60 1,63 1,59

Zig-Zag 1440 1,60 1,65 1,67 1,64
2880 1,67 1,75 1,77 1,73

480 1,25 1,29 1,33 1,29

Zig 1440 1,32 1,37 1,39 1,36
2880 1,43 1,49 1,52 1,48

480 0,75 0,79 0,83 0,79

pgﬁgﬁgy 1440 0,82 0,87 0,89 0,86
2880 0,92 0,93 0,97 0,94

Xay dyng ham hdi quy tong quat khi
gia cong mat phang ngang, quy dao dao Follow
periphery 1 quy dao chuan véi cac bién D, =0;
D,=0;ZigD =1, D,=0; Zig-Zag D, = 0; D,

=1.

R, =0,7566 + 6,67.10°F + 0,5133D, +

0,7900D,
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Hé s6 x4ac dinh ciia mo hinh R2~0,9992.

Vi Follow periphery, bé mat dat chat
luong gia cong tinh, nhung véi Zig-zag gia tri
d6 nham da chuyén sang ban tinh. Cho thiy
quy dao Follow periphery c6 hudng chay dao
bam sat bién dang hon, cit ém hon nén han ché
cac vét nhap nho bé mit.
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Zlevel Profile Follow Part Zig with contour
Hinh 2. M6 phong duwong chay dao gia cong mdt twong dung

Bang 3. Két qua thue nghiém gid tri do nhdm bé mdt thanh diing

Quy dao dao F (mm/ph) Ralan 1 Ra lan 2 Ra lan 3 Ra t?:ll:;lg)bmh
480 0,79 0,83 0,81 0,81
Zlevel Profile 1440 0,91 0,95 0,90 0,92
2880 0,97 1,01 0,96 0,98
480 1,57 1,64 1,62 1,61
Follow Part 1440 1,62 1,72 1,71 1,68
2880 1,72 1,82 1,80 1,78
480 1,23 1,36 1,31 1.3
Zig with
1440 1,33 1,41 1,39 1,38
contour
2880 1,41 1,48 1,46 1.45
Xét quy dao dao Zlevel Profile 1a quy Hé s xéac dinh ctia m6 hinh R~ 0,9984.
dao chuan vdi cac bien D, = 0; D, = 0; Zig with
contour D, = 1; D, = 0; Follow Part D, = 0; D, Doi véi bé mat thanh dung, quy dao
= 1. Ham hoi quy c6 dang: Zlevel Profile phu hgp hon do duong chay dao

phan 16p theo phuwong Z, 6n dinh va thich hop
R, =0,7963 +6,689.10°F +0,4733D, + v6i dang hinh hoc vach dung.
0,7867D,

Streamline Surface Contour Area Milling

Hinh 3. M6 phong dwong chay dao gia cong mdt phiang nghiéng
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Bdng 4. Két qua thire nghiém gid tri do nham bé mdt nghiéng

Quy daodao | F (mm/ph) Ralin 1 Ra lin 2 Ralin3 | R® tr(‘;':f)b‘“h
480 1,01 1,10 1,04 1,05
Streamline 1440 1,19 1,33 1,29 1,27
2880 1,28 1,46 1,43 1,39
480 0.79 0.88 0.82 0,83
g‘;ﬁi‘z 1440 0,88 0,95 0,9 0,91
2880 1,07 1,16 1,13 1,12
480 1,58 1,66 1,65 1,63
Area Milling 1440 1,69 1,81 1,78 1,76
2880 1,78 1,88 1,86 1,84
V61 quy dao dao Surface Contour la quy Hé s6 xac dinh R? ~ 0,9898.
dao chuén, céc bién D, =0; D, = 0; Streamline i
D, = 1;‘ D, = Q; Area Milling D, = 0; D, = 1. Véi bé mat nghiéng, quy dao Surface
Ham hoi quy tong quat c6 dang: Contour phu hop hon vi duong chay dao bam

sat bién dang bé mat, gitp qua trinh cét 6n dinh
R =0,7694 + 1,15.10°F + 0,2833D, + va vet dao phan bo déu hon.
0,7900D,

Streamline Follow part Spiral
Hinh 4. M6 phong duong chay dao gia cong bé mat cong

Bdng 5. Két qua thiee nghiém gid tri do nham bé mdt cong trén mdy phay 3 truc

Quy dao F (mm/ph) Ralin 1 Ra lan 2 Ra lan 3 Ra t?tr:f)blnh

480 1,29 1,2 1,26 1,25

Streamline 1440 1,35 1,31 1,36 1,34
2880 1,57 1,52 1,59 1,56

480 0,95 0,91 0,98 0,95

Follow part 1440 1,02 1,09 1,10 1,07
2880 1,16 1,16 1,21 1,18

480 1,64 1,62 1,65 1,63

Spiral 1440 1,77 1,73 1,78 1,76
2880 1,88 1,83 1,90 1,87
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Xét quy dao dao Follow part 1a quy dao
chuin véi cac bién D, = 0; D, = 0; Streamline
D =1;D,=0; SplralD =0; D = 1. Ham hdi
quy tong quat co dang:

R, =0,8942 + 1,078.10°F +0,3167D, +
0,6867D,
Vi R? % 0,9946.

Trong ba quy dao khéo sat, Follow part
cho gia tri d6 nham nho nhit & ca ba mirc chay
dao, trong khi Spiral va Streamline cho két qua
cao hon va kha gan nhau.

Diéu nay cho thiy ddi v6i bé mat cong
gia cong trén may phay 3 truc, quy dao Follow
part phu hgp hon do duong chay dao bam sat
hinh dang thuc ctia bé mit, gitp vét cit phan bd
déu hon.

4. KET LUAN

Qua nghién ctru mo phong va danh gia
anh huong ctia quy dao chay dao dén do nham
bé mat khi gia cong trén NX CAM, c6 thé khang
dinh rang quy dao chay dao anh hudng rd rét dén
chit lugng bé mit sau gia cong. Két qua khao sat
ciing cho thy luong chay dao F 14 thong sb cong
nghé co tac dong dang ké dén d6 nham bé mit Ra
dbi véi tat ca cac dang bé mit dugc nghién ctu.
Khi tdng lugng chay dao tir 480 1én 2880 mm/
ph, gia trj Ra déu ting & moi quy dao chay dao,
chimg t6 luong chay dao cang 16n thi chét luong
bé mat sau gia cong cang giam. Xu hudng nay
xuat hién nhat quan trén bé mit phang ngang,
thanh dung, mat nghiéng va mat cong gia cong
trén may phay 3 truc.

Két qua nghién ciru dong thoi cho thy
mdi dang bé mat c6 mot quy dao chay dao phu
hop riéng dé dat d6 nham bé mit nho hon. Trong
tung quy dao khao sat, khi lugng chay dao tang
thi gi4 tri Ra déu ting, cho thdy chat luong bé
mat suy giam theo cung quy luat. So sanh murc
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d6 anh hudng cua hai yéu t6 cho thiy quy dao
chay dao c6 d6 nhay ddi véi do nham bé mit 16n
hon so véi lugng chay dao. Pac biét, nghlen ciru
da xay dung dugc ham hoi quy biéu dién quan
hé gifra 6 nham bé mit Ra véi quy dao chay
dao va luong chay dao trong mién khao sat, hé
sO xac dinh mo hinh gan bang 1 cho phép du
doan tin cdy va xac dinh gi4 tri Ra nho nhit tmg
véi cac didu kién bién da luya chon. Két qua nay
la co s¢ tham khao c6 § nghia cho viéc lya chon
quy dao chay dao hop 1y va ché do cong nghé
phi hop nham nang cao chat luong gia cong tinh
trén phan mém NX CAM.

Kién nghi: Nghién ctru anh hudng tong
hop ctia quy dao chay dao va ché d9 cat trén cac be
mat ty do phurc tap, dac biét trong gia cong 5 truc.
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Dai hoc Hang hai Viét Nam trong dé tai mi s6
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