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TOM TAT

Trong gia cong vi mé, luc cat quyét dinh chat liwong bé mdt, do chinh xdc va tudi tho dung
cu. Hién tiwong gdy dung cu thuong xdy ra khi lyc cdt bién doi bdt thwong, lam gidn doan qud trinh.
Nghién ciru nay sir dung phirong phép phan tir hivu han (FEM) d@é phan tich lyc cdt trong qud trinh
gia cong ranh vi mé, voi cdc théng sé gom toc do cat, lwong an dao va chiéu sau cdt. Két qud cho
thdy luc cdt phu thuoc manh vao thong 50 cong nghé, tir do hé tro lwa chon ché do cdt hop Iy, 16i

wu héa qud trinh va ndng cao chdt lwong gia céng.
Tir khéa: Gia cong vi mé; Phiong phép phan tir hitu han; Théng s6 céng nghé; Luec ct.
ABSTRACT

In micro-machining, cutting force determines the surface quality, accuracy and tool life.
Tool breakage often occurs when the cutting force changes abnormally, interrupting the process.
This study uses the finite element method (FEM) to analyze the cutting force during micro-groove
machining, with parameters including cutting speed, feed rate and depth of cut. The results show
that the cutting force strongly depends on the process parameters, thereby supporting the selection

of reasonable cutting mode, optimizing the process and improving the machining quality.
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1. GIOI THIEU

Nguyén ly gia cong vi mo co ban tuong
tu nhu gia cong vi mo, nhung khong don thuan
chi 1a viéc thu nho kich thudc ctia cong cu va
phoi. Khi thu nho, vn d& ctng viing cta dung
cu tré nén kho dam bao, doi hoi thiét ké va ché
tao dung cu c6 do bén va do cung cao, phu hop
v6i toe d6 cét 16n [1]. Ngoai ra, cac thong sb
cong ngh¢ anh hudéng manh dén luc cét, tr do
quyét dinh chét lugng bé mit, d6 chinh xac va
tudi tho dung cu [2].

Trong gia cong vi md, mot sd thach thirc
16n nhu nhiét sinh ra trong viing cit, qua trinh
mon dung cu, bién ciing bé mit phoi va rung
dong c6 thé anh huong truc tiép dén hiéu qua
va do tin cdy gia cong [3]. Nhiéu nghién ctu
da dugc thyc hién dé phan tich anh hudng cua
16p phit dung cu va co ché hong héc khi phay
vat liéu kho gia cong nhu Inconel 718 [3], cling
nhu vai tro cua thong s6 cat ddi véi ung suit du
trong qua trinh phay [2, 5]. Bén canh do, cac
nghién ctru gan day con tap trung md phong luc
cit bang phuong phap phan tir hitu han (FEM),
két hop moé hinh vat liéu nhu Johnson-Cook,
nham 1am rd mbi quan hé giira thong sd cat va
su hinh thanh tng sut du trong phay vi mé [4,
5].

Xuat phét tir yéu cau tng dung trong
céc chi tiét vi mo nhu mao dan thay lyc, nghién
ctru ndy xay dung mo hinh FEM dé mé phong
luc cdt trong quéa trinh phay ranh vi mo. Céc
thong sb cit dugc thay doi va so sanh véi két
qua tir cac nghién ciru trude, tir d6 rat ra két
luan vé anh huong cta thong s6 cong nghé dén
luc cit va kha niang t6i wu hoa qué trinh gia
cong [1-5].

2. MO HINH HOA QUA TRINH PHAY
MICRO

2.1. M6 hinh hinh hgc ciia dung cu va phéi

Pau tién, mo hinh hinh hoc ctia cong cu
va phéi duoc thiét 1ap bang cach sir dung phan
mém NX. Sau d6, cac mo hinh duge nhép vao
phan mém Abaqus. Puong kinh cta dao cit 1a
500um, ban kinh canh cua dao cit 1a 2um, vat
li¢u cuia dung cu l1a cacbua vonfram. Kich thude
ctia phoi 13 50mm x 50mm x 3mm. Dé cai thién
hiéu qua mo phong, gidm thoi gian chay mo
phong va dam bao tinh chinh xac cta két qua
md phong, cac mo hinh cong cu va phoi duoc
don gian hoa trong mo6 hinh. M6 hinh cong cu
dugc hién thi trong Hinh la va mé hinh phoi
duoc hién thi trong Hinh 1b.

(b)
Hinh 1. Mé hinh héa cong cu va phéi bang phan
mém NX: (a) Cong cu, (b) Phoi.

2.2. Chia lwoi

Viée chia ludi hop 1y ¢ thé dam bao
chat lugng cia md phong va ciing c6 thé giam
thoi gian chay m6 phong. Phoi c6 hinh dang
khéi 1ap phuong, chia phoi thanh nhitng phan
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tu ludi hinh dang nut tor gidc. Cong cu c6 hinh
dang phtrc tap, ta nén chia ludi cong cu theo
dang phan tir nit tam giac. Cach chia ndy s&
lam qua trinh moé phong 1au hon do cac phan
tu dang tam gidc va tor giac khong cung dang
ma tran. Nhung né s& han ché du’oc sai s6 do
viéc chia ludi, tir d6 han ché sai s két qua mo
phong. Dé rit ngan qua trinh moé phong, ta chi
ldy phan dau cong cu dé tién hanh qua trinh cat
got. Ludi cua dao duogc thé hién trong hinh 2a,
ludi cua phdi dugce thé hién trong hinh 2b.

(b)

Hinh 2. Tgo ludi cua dung cu va phoi: (a) Luoi
dung cu, (b) Luoi phdi.

2.3. Cac thong sb gia cong

Tbc do truc chinh thay ddi qua cac lan
md phong gidng nhau. Chiéu sau cit ae khong
ddi. Nghién ctru phan tich sy hinh thanh phoi
va luc phay bang cach chon cac luong an dao
khac nhau fz. Viéc lya chon tham sb phay dugc
thé hién trong Bang 1.

Bdng 1. Théng sé phay micro

S61an | Toc dd truc| Lwongidn | Chiéu
mo chinh dao sdu cit
phong | (viph) | (um/ring)  (um)
30,000 <
1 (v/ph) 0.5 um/rang | 50 um
30,000 <
2 (v/ph) 1 pm/rang | 50 um
30,000 <
3 (v/ph) 1.5 ym/rang | 50 pm
30,000 <
4 (v/ph) 2 um/rang | 50 pum

3. KET QUA MO PHONG

Tt sb liéu mo phong tmg suat va bién
dang ctia phan mém, ta dua ra duoc d6 thi vé
mdi quan hé gitra gia tri luc cit va luong an
dao trong qua trinh gia cong ranh vi mo va so
sanh luc cit mo phong vai luc cit thuc té tir két
qué cua cac bai bao qudc té. Nhu chiing ta thiy
trong biéu do, luc cit md phong khoang 0.48N
khi cit ¢ lugng an dao 1a 0.5um/rang. Luc cit
¢6 chiéu hudng giam di khi cit v6i lugng an
dao 14 1pm/rang. Diéu nay cho ta thay, & lugng
an dao 0.5um/rang khong c6 phoi dugc tao ra,
hoan toan xdy ra hién tugng chen, cay, chinh
vi vay luc cit cao hon. Khi lugng an dao ting
lén 1pum/ring, bit dau co qua trinh thoat phoi
xay ra nén lyc cit c6 phan giam di mot chut,
khoang 0.45N.

Brids 88 toe clit vt cic hegng Jn dao khic shas
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Hinh 3. Gid tri luc cdt véi luwong an dao.
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Vi lugng an dao 1a 1.5um/rang, qua
trinh thoat phoi xay ra, luc cét tiép tuc ting
1én mirc 0.68 N. Piéu nay chimg to di xay ra
qua trinh thoat phoi, nhung van con hién tuong
chen, cay, thoat phoi chua hoan toan, vi vay luc
cit van ting cao.

Vi lugng an dao la 2pum/rang, qua
trinh hinh thanh phoi xay ra ro rét hon, luc cat
c6 phan ting cham tir 0.68N 1én 0.75N. Diéu
nay cho thay khi ting luong an dao trong qua
trinh gia cong, dong nghia véi viée ting luc cit.

Khi xay ra hién tugng mon dao, luc cat
sé theo d6 ma ting déu theo ham tuyén tinh,
tir 46 dua ra duoc duong 16i cong nghé cu thé
cho ngudi van hanh may va kiém tra dao cu véi
ting loai phéi liéu cu thé.

Qua trinh mo phong luc cat trong gia
cong vi mo bang phuong phap phan tir hiru han
c¢6 phan thap hon so véi lyc cit thuc té trong
cac s6 lidu O cac bai bao qudc té. Nguyén nhan
dugc cho 1a trong qua trinh m6 phong, nhiét
d6 trong qué trinh gia cong dugc dé ¢ dinh,
hé s6 ma sat trong qua trinh gia cong ciing dé
¢ dinh. Phéi va dao duoc mé hinh hoa & dang
1y tuong, tirc 1a vat liéu 13 ddng nhat va dang
hudng, ngoai ra, dé qua trinh mé phong duogc
dién ra nhanh chong, thi nghiém nay da hoa
cung cong cy, coi nhu cong cu la vat li¢u cing
tuyét ddi va khong c6 qué trinh mon canh cong
cu trong gia cong. Cac nguyén nhan nay da lam
cho lyc cit mo phong cé phan thap hon so véi
luc cat gia cong thyc té. Tuy nhién, né van ting
va giam theo dang ham tuyén tinh véi luc cit
thuc té. Tir d6 c6 thé thay két qua mo phong co
thé chap nhan dugc va c6 tinh dung din trong
viéc phén tich lyc cit va qua trinh hinh thanh
phoi sau gia cong.

4. KET QUA VA THAO LUAN

Bai bdo nay nham nhan manh loi thé cua
viéc sir dung phan mém mo phong lyc cat trong
qua trinh gia cong vi md tng dung phuong
phap phan tir hitu han, tir 46 giam thoi gian thi
nghi¢m, tiét kiém duge kinh phi thi nghiém
va két qua co thé sir dung dugc dé phan tich
cac thong s gia cong, nham dua ra cac thong
s6 cong nghé phu hop cho qué trinh gia cong.
Tir qué trinh hinh thanh phoi dén viéc thay doi
lugng an dao dan téi su thay doi luc cat. Viéc
nghién ctru dic diém cua luc cit dong vai trd
quan trong trong viéc gia céng vi mé nhim han
ché viée gdy cong cu dot ngdt, giam thoi gian
thi nghiém va kinh phi thi nghiém, dua ra dugc
bo thong s6 cong nghé phu hop dam bao chit
luong bé mit gia cong ngay trong qua trinh gia
cong. Cac két luan sau c6 thé duoc rat ra sau
khi nghién ciru c6 két qua:

1) Bai bao cung cip mot phuong phap
gia cong mdi, tmg dung nhitng uu diém tur
phuong phép gia cong truyén thong, sir dung
loi thé hinh dang hinh hoc cia cong cu va
phuong phép 1ap trinh gia cong CNC c6 thé gia
cong hau hét cac dang bé mat.

2) Céac h¢ s6 ma sat, hé s6 nhiét khong
doi dugce st dung trong FE phan nao lam ket
qua md phong khong sat véi thi nghiém thue té.

3) Viéc mo phong gitp theo ddi luc cat
trong qué trinh gia cong, tranh duoc sy ¢b cong
cu gy dot ngdt, ting hiéu sudt gia cong, chit
luong bé mit on dinh.

4) Kich thudc cta ranh vi mo cho thiy
rang qua trinh phay vi c6 kha nang tao ra cac

bién dang vi mé mat cach chinh xac.

5) Cac van dé nhu chat luong bé mit,
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nhiét d¢ trong gia cong,... can duoc nghién ctru
mdt cach két hop dé cho ra mé hinh mé phong
FE sat voi thuc té, van dang 1a mot dé tai mo dé
nghién ctru sau hon. %
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