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TOM TAT

Cdc ranh vi mé ¢6 g dung réng rdi trong chat long vi mé thity liec, mao dan, bién doi dp
sudt tir do bién doi nhiét. Pé ché tao dwoc cac ranh dé can sic dung phwong phdp phay vi mé sir
dung dao dau cau. Tuy nhién, do co ché cat phirc tap, anh hudng cua kich thuée, théng sé cong
nghé da anh huong khong nho dén luc cat, d6 nham bé mat va dé chinh xdc bé mat sau maoi lan gia
céng. Bai bdo nay nghién ciru cdc tham soé thich hop cho qud trinh gia céng dé giam thiéu lyc cat

va dé nham bé mat. Y chinh xdc cia san phcfm ciing dwoc xac minh sau nhiéu lan cdt va so sanh.
Tw khéa: Phay vi; Do nham bé mat; Luec cdt.
ABSTRACT

Micro-grooves have wide application in hydraulic micro-fluids, capillary, pressure variation
thereby heat transformation. To manufacture those grooves, it is necessary to use the micro-milling
method using a bridge cutter. However, due to the complicated cutting mechanism, the influence of
the size, the technological parameters have significantly affected the cutting force, surface roughness
and surface accuracy after each machining. This paper studies the appropriate parameters for the
machining process to minimize the cutting force and surface roughness. Product accuracy is also

verified after multiple cuts and comparisons.
Keywords: Micro-milling; Surface roughness, Cutting force.
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1. GIOI THIEU

Ky nguyén méi cua su tién bo trong
cong nghé vi mé nham nhin manh vao viéc ché
tao cac chi tiét vi mo phuc tap trén nhiéu loai
vat liéu khac nhau. N6 c6 anh hudng lon ddi
v6i xa hoi nghién ctru, dac biét 1a trong linh vuc
phat trién san pham co khi vi mé, cai thién dang
ké hiéu suat, chirc ning va gbp phan vao ting
truong kinh té, cong nghiép [1]. C6 thé ké dén
mot sé tng dung cu thé cta cac san phdm co
tinh nang vi mé nhu trong linh vyc chét long vi
mo, 10 phan tng vi mo, vii tru hang khong, di¢n
tur, lam mat chip tich hop (IC), y sinh, ma sat va
nhiéu linh vuc khéc [2]. Hinh dang, kich thudc,
d6 nham bé mit khac nhau cé anh huéng dang
ké dén hiéu suat va chirc ning cua thiét bi. Khe
vi m6 dang dng tron 1a mot trong nhimng dang
dugc st dung trong thuy luc vi mo, nguoi ta
nhan thay rang khi dau duoc din qua 6ng dang
tron ¢6 hiéu suit tét hon, 1am mat t6t hon va
giam ap sudt cao nhat so véi cac dang dng hinh
chir nhat, hinh vuong,... [3].

Hinh 1. Phay ranh vi mo

Do mét s6 uu diém va kha ning ung
dung cua phay vi str dung dao du cau, n6 da
thu hat sy nghién ctru phat trién cong nghé ché
tao hiéu qua cho cac ing dung trong mao dan

thity lwc. C6 rat nhidu phuong phap gia cong
khac nhau dé tao hinh dugc bién dang ranh thay
luc nhu phuong phép chum ion héi tu (FIB),
gia cong bang laser, in 3D,... Mic du phuong
phap gia cong laser 1a mot phuong phap mai,
gia cong dat hi¢u suit cao nhung bi han ché boi
viéc kiém soat bién dang bé mit va ving anh
hudng nhiét, ngoai ra con c6 phuong phéap gia
cong dién cuc (EDM), nhung phuong phap nay
dat hiéu qua thap do gi6i han téc do loai bo vat
liéu thap, thoi gian xtr Iy va chi phi cao [4]. Do
do, dé dap Gmg nhu cau thi trudng dang phat
trién, doi hoi mot phuong phép gia cong hiéu
qué, d6 1a c6 nhimg vu diém va han ché nhiing
nhugc diém cta cac phuong phép trén. O day,
phuong phap phay vi mé co loi thé vé toc do
loai bo vt liéu, tmg dung gia cong trén nhidu
loai vat liéu khéc nhau, nhiéu lya chon vé hinh
dang cong cu va do chinh xac dat twong dbi
tt [4]. Tuy nhién, do viéc thu nho dung cu va
anh huong cua kich thudc, can phai chon dugc
cac thong sd cong nghé phu hop dé giam luc
cit, cai thién tudi tho cong cu va chét luong bé
mat gia cong dugc nang cao, tir do gitp dat do
chinh xac bién dang bang cach giam duoc hao
mon cua dung cu va kha nang gay cong cu dot
ngot.

Phay vi m sir dung dao ddu cau dugc sir
dung lam thi nghiém moé phong. Tuy nhién, co
ché cit phirc tap va anh hudng cua kich thudce
vi m6 doi hoi mot sy hiéu biét sau vé chuyén
mon dé chon dugc cac thong sé gia cong phu
hop. Ngoai anh hudng cua kich thudc, phay vi
md con gap van dé vé ma sat trong qua trinh gia
cong do toc do cit thay doi. Tuy nhién, bang
cach thay ddi chiéu siu cét va tde do truc chinh,
ta c6 thé giam anh hudng ctia ma sat & mot mirc
d6 nao d6. Ngoai ra, ta co thé thay doi viéc st
dung céc loai cong cu vi mo nhu cong cu mot
hay nhiéu ludi cit, cong cu dang dau cau hay
dang con,...
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Dua trén céc tai liéu da duoc tham khao,
d6i chiéu va so sanh, phuong phap phay vi mo
duogc xac dinh 1a phuong phap gia cong tdi uu
dé tao ra ranh vi md v&i bé mit nhin bong va
khong co ba-via. Tuy nhién, rat it bao cao khoa
hoc nghién ctru vé phuong phap gia cong rinh
vi mo ndy ma chi yéu chi gi¢i han gia cong &
cac dang hop kim thép va titan. Hon nira, viéc
lwa chon diing céc tham s6 cong nghé ciing phu
thudc vao tinh chat vat liéu caa dao va phoi
trong gia cong. Do do, bai bdo nay trinh bay
phuong phap mod phéng qua trinh phay ranh
vi mo sir dung dao dau cdu bang phuong phap
phan tir hitu han (FEM) dé tim ra cac thong so
cong nghé phit hop, phén tich lyc cit trong qua
trinh gia cong, tir d6 cai thién hi¢u suét va chat
luong bé mit chi tiét sau gia cong.

2. VAT LIEU VA PHUONG PHAP THI
NGHIEM

Viéc mo6 phong gia cong dugc thuc hién
trén phoi dong bang phuong phap phay vi. Dao
phay vi mo dau cau lam tir vat liéu Cacbua
Vonfram cé duong kinh ddu cau 500pm va ban
kinh ludi ¢t 2 pm. Phoi dong c6 kich thudc
50mm x 50mm x 3mm dugc md hinh héa bang
phan mém NX, sau d6 xuét file sang phan mém
Abaqus dé chay mé phong. Thong sb gia cong
duogc cho trong bang sau:

Bdng 1. Diéu kién cdt mé phong gia cong ranh vi
mo trén phoi dong

Théng sb gia cong Pon vi Gia tri

Tbc do truc chinh v/ph 10.000
Luong an dao um/rang | 0,5; 1; 1,5; 2
Chiéu sdu cit um 50

Hinh 2. M6 hinh hoa phéi va cong cu

3.PHANTICH CACKET QUA MO PHONG

Khao sat luc cit dugc mod phong cho
cac diéu kién cit cu thé, ta co thé théy duoc su
thay d6i luc cit theo ba phuong X, Y va Z trong
hinh 3 sau day:

a) Biéu do6 e cat Fx vdi cae hrong 3in dao
khac nhau

Fx (N

1 1.5

Lueng an dao (um)

b) Biéu d6 hpc cit Fy voi cac hegng dn dao
khac nhau

Fy (N
o ® —

1 1.5 2

Luong an dao (um)

c¢) Biéu dé hyc cat Fz véi cac hrong &n dao
khac nhau

1.5

Lwong an dao (um)

Fz (N)

(5]
t

Hinh 3. (a, b, ¢) Su thay déi liec cdt véi cdc thong
50 theo huwéng X, Y, Z twong ing
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Tur hinh 3 (a va b), quan sat thiy rang
luc cét theo phuong tiép tuyén X va phuong
phap tuyén Y ban dau giam khi luong an dao
tang tir 0,5 pm/ring 1én 1 pm/ring d6i véi toe
d6 cat 10.000 v/ph. Khi tang lwong dn dao 1én
lan luotla 1,5 va 2, ta tha‘iy luc cat tang déu theo
ca hai phuong. Qua trinh ban dau khi luong an
dao 1a 0,5 pum/rang, luc cit 16n hon luong an
dao 1 um/rang cho thiy rang ban dau khi gia
cong chua hinh thanh qué trinh thoat phoi, dao
va phoi ¢ trang thai cay, chen, de, tir do6 tao luc
cit 16n. O luong an dao 1 um/ring bt dau co
qué trinh thoat phoi tao ra, luc cit theo d6 ma
giam di. O cac 1an 4n dao tiép theo 1a 1,5 um/
ring va 2 pm/ring, ta thay rang khi ting lugng
an dao thi lyc cit cling sé& tang 1én dang ké. Mot
Kkét qua quan trong hon véi sy thay doi cua luc
cit theo phuong Z, tic 1a lyc ddy nhu trong
hinh 3(c). Nguyén nhén 1a do sy co sét ctia dau
dao cau v&i bé mit ranh vi mé. Tuy nhién, anh
hudéng cia quéa trinh co xat nay cha yéu cé ¥
nghia ddi vé6i chiéu sau cit doc truc thép va
tdc do cat thap. O day chiéu sau cit 1a 50 pm
khong d6i va cao dang ké, do d6 giam duoc anh
hudng cua viéc co xat. Tu hinh 3(c) cling quan
sat thay rang luc ddy ting dang ké khi luong an
dao tang.

4. KET LUAN

Bai bao nay nhan manh loi thé cua gia
cong vi mo st dung dao dau cau dé ché tao cac
khe vi mé trén vat liéu dong cho ung dung vi
chat 16ng va nhiét. Anh hudng cua céc thong sb
quy trinh gia cong dén hiéu suat gia cong duoc
nghién ctru bang phuong phap moé phong. Dua
trén két qua mo phong, su két hop ctia cac tham
s6 cong nghé da duoc dé xuét dé gia cong cac
ranh vi mé dau tron trén dong bang cach xem
xét luc cat. Cac két luan quan trong dugc chira
la:

1) Bai bao cung cap mot phuong phap
hiéu qua dé ché tao ranh vi mo6 dau tron bang
cach st dung loi thé ctia hinh dang hinh hoc
ctia dao phay vi mé dau cau.

2) Anh huéng cta lugng dn dao tdi thiéu
va anh hudng cia su co xat dau cong cu dbi
v6i cac dac tinh hiéu suat ctia qué trinh phay vi
duoc mo phong véi sy tro gitp ctia phin mém
Abaqus. Ta c6 thé thiy rang chiéu sau cat t6i
thiéu chu yéu bi anh hudng boi lwong an dao.
Ma sat tao thanh boi su co xat dau dao va phoi
1a tac dong tong hop cia tbe d6 cit va chiéu sau
cat doc truc.

3) Gia tri nhd nhét cua luc cit theo
ca ba phuong X, Y va Z duoc tim thay gan
ving chuyén tiép, tirc 1a thong sd cong nghé &
ngudng bat dau qua trinh hinh thanh phoi.

4) Kich thudc cua khe vi mé cho thiy
rang phay vi bang dao dau cau c6 kha ning tao
ra bién dang vi mo chinh xéac.

5) Chiéu rong dinh cua khe vi mo ting
1én khi chiéu sau cat doc truc hodc s 1an chay
dao tang 1én. Khi d¢ sdu cia ranh tiép can voi
ban kinh dung cy, n6 tao ra cac ranh thrfmg Vol
cac rinh ¢ dau hinh tron c6 chiéu rong bang
duong kinh dung cu. <
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