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APPLICATION OF NX SOFTWARE IMPROVES THE CAPABILITY FOR
MACHINING COMPLEX SURFACES ON 4 AXIS MILL-TURN MACHINE

Lwong Hai Chung*, Nguyén Thanh Son, La Ngoc Tuén
Khoa Co khi Ché tao, Truong Pai hoc Su pham K¥ thuat Vinh

TOM TAT

Trong qud trinh gia céng cdc san phdm cé bé mdt phire tap, c¢é rat nhiéu vi tri khé vao dao
(dung cu cdt) khéng thé xir Iy bang tay hay triee tiép trén mdy CNC, do dé viéc img dung phan mém
vdo qud trinh gia céng la rdt can thiét. Bai bdo nay trinh bay phwong phép iing dung phan mém NX
dé tao dwong dan dung cu t0i wu khi gia cong tai cdc vi tri nguy hiém (vi tri sau va hep) nham khdc
phuc hién twong gdy dung cu va giam thoi gian Idp trinh gia cong. Pé xdy dung dwoc dwong dan
10i wu, tac gia da truec tiép nghién ciru mday CNC phay tién két hop 4 truc EmcoTurn EG5, ting dung
phan mém NX tao cdc phiwong phép gia céng, xudat mi G-Code va truc tiép kiém nghiém, so sanh
chirong trinh gia cong trén mot sé san pham cé bé mdt phire tap. Két qua nay sé la co so dé tac gid
tiép tuc nghién cveu va vmg dung da dang trén cdc san pham phire tap khéc, dong thoi sé dinh hidng
dwa vao chuwong trinh dao tao tai Truong Pai hoc Su pham Ky thuat Vinh trong twong lai.

Tir khéa: Bé mat phitc tap; Phay CNC; Mday Mill-Turn; Phan mém NX.
ABSTRACT

In the process of machining products with complex surfaces, there are many difficult positions
for the tool that cannot be handled by hand or directly on a CNC machine, so applying software to
the machining process is very necessary. This article presents a method for applying NX software
to create optimal tool paths when machining in dangerous locations (deep and narrow locations)
to overcome the phenomenon of tool breakage and reduce machining programming time. To build
the optimal path, the author directly researched the EmcoTurn E65 4-axis combined milling and
turning CNC machine, applied NX software to create machining methods, exported G-Code and
directly tested it, compare machining programs on some products with complex surfaces. This result
will be the basis for the author to continue research and diverse applications on other complex
products, and will be included in the training program at Vinh University of Technical Education in
the future.
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1. GIOI THIEU

Trong linh vuc gia cong cit got kim
loai, dic biét 1a khuén mau, cac bé mit gia cong
thuong phong phu va phuc tap budc phai ung
dung phan mém dé 1ap trinh két hop gia cong
trén may CNC. Day 1a cac linh vyc dugc cac
nha khoa hoc trong nuéc va trén thé gi6i quan
tam, nghién ctu. Nam 2019, Hoang Van Quy
va cic dong nghiép [1] da tim cach ting ning
suat gia cong bang phuong phap phan ving bé
mat gia cong dua vao ham Gaussian va thuat
toan Freeman khi gia cong cac bé mat tu do
trén may CNC 3 truc. Két qua mo phong véi
bé mit B-Spline cho thiy phuong phép nay
két hop véi su lya chon dung cu cit hop 1y co
thé giam thoi gian gia cong va d6 nham bé mat
so voi phuong phap khong phan vung. Rong
Zhang va cac dong nghiép [2] (2015) da dé
xudt mot y tuong duge goi 1a Linear Morphing
Cone (LMC) ldy cac dudng bao cta bé mit gia
cong lam gi6i han khi gia cong cac bé mit ciia
chi tiét Blisk — mot bo phan quan trong trong
dong co may bay. Dua vao LMC, tir do tim
ra phuong phép hinh thanh céc 16p chay dao
v6i do chinh x4c gia cong nhét dinh. Bang cac
thuc nghiém, Rong Zhang va cac dong nghiép
da sir dung phuong phap nay dé tao ra cac 16p
chay dao va két qua cho thdy cac duong chay
dao dong nhat va dong dang voi dudng bao. M.
H. Mohamad and M. N. O. Zahid [3] (2019)
da xay dung chuong trinh mé phong nham cai
thién viéc 1ap trinh va mo6 phéng quy trinh gia
cong truc thr 4 trong hé thong NX CAM. Két
qué bai bao chi ra rang cac chuong trinh duoc
phat trién c6 kha ning toi wu hoa qua trinh
mo phong gia cong cia tryc thir 4 bang cach
giam thiéu dén murc nho nhat cac bude va thoi
gian 1ap trinh gia cong. Lazoglu va cac dong
nghiép [4] (2009) da nghién ctru phuong phap
t6i uu duong chay dao khi gia cong cac bé mat
tu do. Nghién ctru da chi ra mot cach tiép can
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moi dé tao ra cac dudng chay dao duogc tdi vu
héa cho cac bé mit dang tu do thuong dugc s
dung trong cac nganh cong nghi¢p 0 t0, hang
khong vil try, y sinh, san xuét thiét bi gia dung
va khuén mau. Phuong phap t6i uvu héa duong
chay dao duoc phat trién ¢6 thé xir Iy cac muc
tiéu khac nhau dudi nhiéu rang budc. Do hinh
hoc di huéng cta cac bé mat dang tu do, duong
chay dao tr& thanh mot trong nhitng yéu té
quan trong nhat dé xac dinh luc cat. O day,
khai niém tao duong chay dao véi luc tdi thiéu
dugc dé xuit va ap dung cho cac bé mit dang
tu do. Pay 1a mot phuong phap méi nham tao
duong chay dao dua trén co ché xir ly dé giam
thiéu lyc cit dén murc nhod nhat khi gia cong
bé mat tu do bat ky. Vedat Savas va cong su
[5] (2006) d3 nghién ctru d6 nhdm bé mit bang
cach tién hanh thuc nghiém gia cong phay trén
méy Turn-Mill bang dao End Mill va phéi thép
®40 1am bang vt liéu SAE 1050. Sau khi lan
luot thay ddi cac théng sd dau vao nhu chiéu
sdu cat, lugng chay dao doc truc, sb vong quay
ctia phoi va tién hanh do d6 nham bé mit bang
may MITUTOYO 211, ho da xay dung duoc
moi lién hé cua chung d6i v6i d6 nham bé mit.

Hién nay, tai xuéng CNC Truong Dai
hoc Su pham K¥ thudt Vinh duoc trang bi may
CNC Emcoturn E65 4 truc phay tién két hop
(sau ddy goi tit 1a may Mill-Turn) (Hinh 1)
phuc vu qua trinh nghién ctu cling nhu dao
tao nganh Cong nghé CNC va Cong ngh¢ k¥
thuat khuén méu; tuy nhién, cic san pham gia
cong con don gian va qua trinh 1ap trinh duoc
thuc hién thti cong, do do chua phat huy hét kha
nang cua may Mill-Turn.

Trong thyc té, qua trinh truyén chuong
trinh gia cong vao may Mill-Turn doi hoi phai
c6 phién ban phan mém NX va b xuat chuong
trinh (bo post) pht hop, dong thoi cac phuong
phap gia cong co san trong phdn mém phai da
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dang, dac biét 1a giai doan pha tho, nham tiét
kiém thoi gian va ting tudi tho cho dung cu cit.
Tuy nhién, phién ban phan mém do bén cung
cap may chi dinh chua da dang vé cac phuong
phép gia cong tho trén may Mill-Turn, dac biét
khi gia cong chi tiét kich thudc 16n co bé mit
phtc tap budc phai chia nhiéu ving nho lam
tang thoi gian gia cong. Bén canh do, qua trinh
chia bé mit chi tiét thanh nhiéu viing nho dé gia
cong gay kho khan trong viéc kiém tra va cham
giita dung cu cit va ving vat lidu gia cong 1am
cho dung cu cit d& bi ph4 huy.

a)

Hinh 1. May EmcoTurn E65: (a) Hinh anh may va
(b) Cac chuyén dong chinh cia may

Trong ndi dung nghién ctru nay, tac gia
dé xuat mot phién ban phan mém NX phu hop
may Mill-Turn va tng dung phuong phéap gia
cong tho tdi wu dé tao dudng dan dung cu khi
gia cong cac chi tiét c6 bé mat phuc tap, khic
phuc hién tuong giy dung cu cét tai cic ving
gia cong hep va sau. Cac chuong trinh gia cong
duoc tac gia lap trinh, sau do thuc hién gia cong
trén may CNC va tién hanh so sanh két qua
gitra cac phuong phap véi nhau.

2. CO CHE HINH THANH PUONG DUNG
Cy

Pé xay dung va phan tich dudng dung
cu, trong nghién clru nay, tac gia lya chon san
pham gia céng 1a md hinh khép gbi nhén tao
(Hinh 2) va phoi gia cong la phoi hinh tru
(Hinh 3).

Wi

Hinh 2. M6 hinh khép géi nhan tao
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Hinh 3. M6 hinh 3D phéi va Kich thudc phoi
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Hinh 4. Hinh dang dwong dung cu khi gia cong
phay thé 3D
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Sau khi thuc hién thir nghiém céac phién
ban khac nhau ciia phan mém NX, chung toi
nhan thay phién ban NX-1926 14 pht hop nhat.
Dic biét, & phién ban nay di dwoc ning cip
thém mot sd phuong phép gia cong mai linh
hoat va hién dai hon, phu hop v61 may Mill-
Turn hon; dac bi¢t & phuong phap gia cong tho,
d6 1a phuwong phap Multi Axis Roughing. D6i
v6i céac phién ban cii hon, qué trinh gia cong
phay tho trén may Mill-Turn dugc chia thanh
nhiéu ving nho va 4p dung cac phuong phap
gia cong phay tho 3 truc, khéng cd phuong
phap gia cong phay tho truc tiép cho may Mill-
Turn. Diéu nay gay nhiéu khé khin trong viéc
kiém tra va cham gitra dung cu cit va vung vat
lidu gia cong, dong thoi 1am ting thoi gian 1ap
trinh gia cong. Puong dung cu ap dung phuong
phép gia cong phay tho 3 tryc tao thanh cac 16p
phang 2D song song nhu Hinh 4.

D6i voi phién ban NX-1926, qué trinh
gia cong phay tho trén may Mill-Turn trng dung
phuong phap moi Multi Axis Roughing hinh
thanh nén cac duong dung cy hinh tron dong
tam (Hinh 5), dong thoi nhan dién va cap nhat
phdi mot cach tu dong trong sudt qué trinh gia
cong, tranh dugc viéc bd sot phoi trong cac goc
hep gy nén hién tuong giy dung cu cit khi
thue hién cac nguyén cong tiép theo.
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Hinh 5. Hinh dang dwong dung cu khi gia cong
phay tho bang phwong phdap Multi Axis Roughing

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 314, thang 4 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn

3. TAO PUONG DUNG CU

b)
Hinh 6a, b. Hinh anh dwong dung cu cua mot vung
gia cong trén chi tiét

Dé lap trinh gia cong tho chi tiét trén
cac phién ban ci, tac gia da chia chi tiét thanh 6
vung gia cong, mdi ving gia cong déu tmg dung
phuong phap gia cong phay tho 3 truc (Cavity
mill). Khi thue hién phay tho theo phuong phap
3 truc trén may Mill-Turn dn dén viéc han ché
chuyén dong cua dung cu cit theo chiéu truc Y
(hanh trinh 16n nhit va nhé nhét cua truc Y 1a
+80), do d6 néu chi tiét kich thudc cang 16n s&
phai chia cang nhiéu ving gia cong hon, gy
kho khin trong viéc lap trinh gia cong va kiém
tra va cham cua dung cu cat. Hinh anh duong
dung cu cua mot vung gia cong dugc minh hoa
nhu Hinh 6.

Qua trinh thyc hi¢n chia vung gia cong
can cha ¥ dén chiéu sdu gia cong (b) va chiéu
rong gia cong (a) (Hinh 7), khi gia tri b cang
16n thi gia tri a s& cang 16n, do giéi han chuyén
dong cua dung cu cit theo chiéu truc Y nén gia

tri a va b bi gidi han.
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Hinh 7. Kich thudc gioi han cua ving gia cong

Nhu vay, néu kich thuéc ctia phéi tron
c6 ban kinh 1a R, ta c6 thé rang budc gia tri a va
b theo cong thirc (1) va (2) nhu sau:

—80=<a=<+80 (D

(g)z =R?— (R—b)? = 2Rb — b?

a* = 8Rb — 2b* (2)

a = V8Rb — 2b?

Sau khi lya chon céc gié tri a va b c6
tinh dén kich thudc cua dung cu cat, tac gia
thuc hién chia chi tiét thanh 6 ving gia cong
nhu Hinh 8.

.

Hinh 8. Hinh anh 6 vung gia cong phay tho trén
mady Mill-Turn khi Idp trinh trén phién ban NX11

Khi tién hanh gia cong tho chi tiét trén
phién ban NX1926 v6i phuong phap Multi Axis
Roughing, truc C ciia may Mill-Turn dugce kich
hoat trong qua trinh gia cong va dung cu cét chi
di chuyén trong mit phang ZOX, do d6 chuyén
dong cua dung cu cit khong bi rang budc gioi
han theo truc Y. Pdng thoi, qua trinh gia cong

dugc tinh toan tu dong va cap nhat luong du,
do d6, @i voi cac vang hep kho gia cong néu
dung cu cat khong xu 1y hét vat liéu gia cong
thi & nguyén cong tiép theo c6 thé thuc hién voi
dung cu cit co duong kinh nho hon, phén mém
s€ nhan dién phén vat liéu chua duogc gia cong
dé tiép tuc gia cong. Dé xtr Iy hét phan vat li¢u
trong cac goc hep, tac gia da su dung hai giai
doan gia cong tho, giai doan 1 bang dao phay
ngén @8 (Hinh 9) va giai doan 2 (xtr 1y phan
vat liéu ma giai doan 1 chua gia cong trong cac
goc hep) bang dao phay cau ®6 (Hinh 10).

Hinh 9. Giai doan 1: Gia cong thé chi tiét bang
dao phay ngon @8

Hinh 10. Giai doan 2: Gia céng thé chi tiét bang
dao phay cau ®6

Sau khi lap trinh gia cong bang ca hai
phuong phap, tac gia nhan thiy véi phién ban
phin mém NX1926 di giam duoc dang ké
thoi gian 1ap trinh, dong thoi viée kiém soat va
cham cua dung cu cit tét hon. Khi tién hanh
bang phién ban cii hon, dé kiém tra va cham
cua dung cu cit duoc tdt nhit can phai chia rat
nhiéu ving gia cong va thuc té di ching minh
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nhiéu vi tri gin dao vi vat liéu qua day 1am anh
hudng khong tot dén dung cu cat. Sau day la
mat sO hinh anh gia cong chi tiét (Hinh 11).

e

b

Hinh 11. Hinh anh san pham

L

gia cong
4. KET LUAN

Trong bai bdo gidi thiéu hai phuong
phap gia cong tho chi tiét c6 bé mat phtc tap,
thuc té 1ap trinh gia cong da chimg minh phién
ban NX1926 dem lai két qua t6i vu hon. Qua
trinh gia cong tho trén phién ban NX1926 gitip
tiét kiém thoi gian lap trinh va kiém soat va
cham t6t hon. Pay 1a mot két qua quan trong
trong nghién ctru duong dan dung cuy, tr do co
thé c6 nhitng nghién ctru rong md hon ddi véi
nhitng bé mat phirc tap nhu bé mit tu do trong
gia cong khuoén miu. Dic biét, két qua nay s&
1a tai liéu tham khao nham phuc vu qua trinh
nghién ctru cling nhu gidng day tai Truong Pai
hoc Su pham K¥ thuét Vinh. <+
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