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TOM TAT

Bai bdo trinh bay nghién ciku va danh gid mét cach cé hé thong anh hudng ciia goc nghiéng
thanh long khudén dén si hinh thanh khuyét tt cua chi tiét trong qud trinh ép chay micro. Qud trinh
nay dwoc phan tich va mé phong bang phwong phdp phan tir hitu han (FEM) théng qua phan mém
Oform, cho phép mé ta chi tiét trang thdi bién dang, phdn bo img sudt — bién dang va dong chay
vat liéu trong sudt qud trinh ép. Théng qua viéc thay doi cdc théng sé hinh hoc ciia dung cu, ddc
biét la géc nghiéng thanh khudn, nghién ciku tdp trung lam ro co ché phdt sinh cdc dang khuyét tdt
ddc trung trong ép chay micro, tir dé danh gid mirc dj dnh hieong ciia tirng tham sé dén chat lwong
san pham. Két qua mé phong sé dwoc so sanh va doi chiéu véi két qua thue nghiém nham kiém
chig d tin cdy ciia mé hinh mé phong. Trén co sé do, bai bdo dé xudt phirong dn lwa chon hinh
dang dung cu toi wu, gép phan giam thiéu khuyét tt, néng cao chat leong chi tiét sau ép va ting
hiéu qud trong thiét ké, ché tao dung cu ciing nhir san xudt san pham ép chay micro trong thuec té.

Tir khéa: ép thudn nghich, sw hinh thanh khuyét tdt, FEM, CAE, Qform
ABSTRACT

This paper presents a systematic study and evaluation of the influence of the die wall inclination
angle on defect formation in micro-extrusion processes. The investigation is carried out using the finite
element method (FEM) implemented in Qform software, enabling detailed analysis of material flow
behavior, stress—strain distribution, and deformation characteristics during the extrusion process. By
varying the geometric parameters of the tooling, with particular emphasis on the die wall inclination,
the study clarifies the mechanisms leading to typical defects in micro-extrusion. The influence of tool
geometry on material transformation is analyzed through numerical simulations, and the obtained
results are compared with experimental data to validate the reliability of the simulation model.
Based on the combined numerical and experimental analyses, optimal tool geometry parameters are
proposed to minimize defect formation and improve product quality. The results provide practical
guidance for tool design and process optimization in micro-extrusion manufacturing, contributing
to improved efficiency and reliability of high-quality micro-formed products.

Keywords: Forward-backward extrusion, defect formation, finite element method (FEM),
computer-aided engineering (CAE), Qform
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1. Gidi thiéu.

Xu huéng thu nhé san pham va tich hop
da chtrc ning da dan dén viéc giam dang ké
kich thude céac loai linh kién trong thap ky
qua. Kién thirc va dung cu dé phan tich hanh
vi bién dang kim loai & quy mé thong thudng
d3 duoc phat trién t6t va duoc tng dung rong
rai trong cac linh vyc tao hinh kim loai. Tuy
nhién khi céc kich thude hinh hoc dugce giam
tir cAp d6 vi mo xudng cap d6 vi mé, cac md
hinh 1y thuyét va kinh nghiém duoc tich liy
tr& nén khong thé ap dung duoc cho cac quy
trinh vi mo do anh huong cua hiéu ting ty 1.
Ngoai ra viéc thiét ké va san xuét cac cong
cu lam vi¢c ¢ kich thudc micro phai ddi mat
v6i nhiéu thach thuc lién quan dén dic tinh
kich thu6c cua chung [1,2]. Viéc phat trién va
thiét ké cac cong cu kich thude micro thudng
dura trén kinh nghiém va bi quyét thu duoc
thong qua thtr nghiém va cac sai s6t [3]. Do
do, viéc su dung phan mém mo phong cho
phép chung ta t6i uu héa quy trinh nghién
ctru va thiét ké cac cong cu ép micro, giam
thoi gian va chi phi phat trién, dong thoi du

Ché tao duoc céc
chi tiét phuec tap
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doan dugc cac dang khuyét tat c6 thé xay
ra trude khi bt diu qua trinh san xuat hang
loat. Khac v&i mo phdng vat li, m6 phong
s6 duoc thue hién bang nhiéu phuong phap
tinh khac nhau nhu: phuong phap phan tir
hitu han, bién phan hodc phﬁn tr bién. Moi
mot phuong phap tinh toan déu cé nhiing
mat manh riéng nhung ap dung pho bién nhét
trong viéc khao sat cac bai toan co hoc noéi
chung va céac bai toan bién dang ndi riéng
12 phuong phap phan tir hitu han boi tinh
thich tmg véi cac bai toan co mién xac dinh
bat ki va diéu kién bién phurc tap. Phuong
phap mé phong s6 tmg dung tinh todn phan
t0r hiru han nhim phan tich toan bo qua trinh
tao hinh dugc tién hanh trén may tinh (Hinh
1). Trong bai nghién ctru phan mém duoc
str dung 13 Qform. Qform 14 mot phdn mém
mo phdng qua trinh rén dap va tao hinh kim
loai, thuong duogc st dung trong nganh co
khi ché tao va luyén kim. N6 giup cac k§
su thiét ké, t6i wu hoa va phén tich cac qua
trinh rén néng, rén ngudi, dap kim loai va
cac phuong phap tao hinh khac [4, 5].
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/ "'~.“ Cai thién chat
/ "‘~,| luong san phim

Gia Giam tiéu hao vét li¢u

Giam thoi gian thtr nghiém Thai
gian
I

Giam thoi gian
thiét ké

Tbi wu va giam chi
phi san xut dung cu

Hinh 1. Uu diém cua viéc 4p dung moé phong s6 trong san xuat dung cu

2. Vat liéu va phuwong phap nghién ciru
Vat liéu ph()i‘du:qc st dung trong r}ghién
ctru 1a hop kim dong M1 voi thanh phan hoa

hoc dugc xac dinh (bang 1) phu hop theo
tiéu chuan GOST 895-2001 va thanh phan
co tinh duoc thé hién trong bang 2.

Bang 1. Thanh phan héa hoc ctia hop kim déng M1, % (GOST 859-2001)

Ni, Sb, As, Sn

<0,002 mdi chat

99,9 <0,001

<0,004 mdi chat < 0,005 mdi chat
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Bang 2. Céc thong s6 co ban cua vat lidu
phoi tai 20°C

Gia tri

Thong so co ban cuia vat liéu

Mat d6 vat liéu, p [KG/m?] 8 940
Gi6i han bén, 5, [MPa] 260
M6 dun dan hoi, E [MPa] 1,28
Hé sb Poisson, v [-] 0,34

Thiét 1ap mé phong thir nghiém

Trong nghién ctru nay, qua trinh ép chay
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thuan, nghich da dugc thyc hién. Hinh 2.a
cho thiy so d6 hoat dong ctia qua trinh ép
chay micro thudn, nghich va kich thudc cua
dung cu. Qua trinh m6 phdéng s6 duoc thuc
hién bang phan mém Qform (hinh 2b). Dé
danh gia sy anh hudng cua gdc nghiéng cuia
thanh khuon té1 su hinh thanh khuyét tat cua
chi tiét, chung ta sir dung bdn gié tri cta goc
nghiéng a va qua trinh mo6 phdong thuc hién
tai nhiét 46 phong (20°C). Cac thong s6 qua
trinh dugc trinh bay trong bang 3.

Bang 3. Thong s cong nghé ciia qua trinh ép micro

Théng sb Goc nghiéng  Hanh trinh ctia chay Nhiét do Hé hé Hé s6 Pause
cong nghé (a)° [mm] [°C] Levanon [-] [-]
Gia tri 125; 135;145;155 0.8 20 1,25 0,05
007
0, Chay ép
e
N .

Khuén

0,4

Phoi

7

3. Két qua va thio luin

Qua trinh ép chay chi tiét chan tiép diém
bao gdm 3 giai doan, duoc trinh bay nhu
trong hinh 2.

- Giai doan 1: xay ra tir ddu cho t&i khi
phoi phinh ra cham vao thanh long khuon.
Giai doan nay mang tinh chat ciia nguyén
cong chon nhiéu hon.

b)

Hinh 2. Qua trinh ép micro: so dd qué trinh (a) va bién dang diu vao dé mo phong
trong chuong trinh Qform (b) (1- Chay ép; 2- Khuon; 3- phoi)

- Giai doan 2: bat dau tir khi chd phinh
tang trong ctia phoi cham vao thanh 10ng
khuon cho dén khi ca long khuén duoc
dién day.

- Giai doan 3: bat dau tir khi 10ng khudn
duoc dién dﬁy cho té1 khi kim loai dugc ép
chay qua 13 thoat dui lwong can thiét va két
thic qua trinh ép chay.
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Hinh 3. Céc ving phéi bién dang khi bi ép chay
1- Viing dan hoi; 2- Ving bién dang déo; 3- Viing “chét”; 4- Tiép xuc vé6i 16p bién dang [6-8]

Qua trinh ép thudn dugc dic trung boi
su bién dang khong dong déu dang ké trén
mit cit ngang. Su phan bd bién dang va
dong chay dong hoc cua kim loai chi ra sy
anh huong cua cac diéu kién cua luc trong
qua trinh ép, d6 bén va do déo cua phéi, diéu
kién ma sat tiép xuc, hinh dang cia dung cu
(hinh dang bo phan lam viéc cua khudn);
muc do va tde do bién dang va cac h¢ ) ty
16. Nghién ctru vé ban chit ctia dong chay
kim loai trong qu4 trinh ép chi ra rang toan
bo thé tich bién dang cua phoi c6 thé duoc
chia 1am ba vung: ving bién dang dan héi,
vung bién dang déo (hodc ving bién dang)
va ving & dong hodc ving “chét”.

Tir két qua thu duoc sau qua trinh mo
phong, d6 thi thé hién mdi lién hé gitra luc
bién dang va hanh trinh di chuyén cua chay
da duoc xdy dung (Hinh 4). Kich thudc phan
than trén va than dudi ctia khuén khong thay
d6i 1a @1 va @0,69. Su khéc biét chi xay ra
tai phan con ¢ giita chuyén giao gitra hai kich
thudc duong kinh khi géc nghiéng a duogc
thay doi tir 125° dén 155°. Tur sy thay doi
nay dén ti sy thay d6i ctia hanh vi bién dang
déo ctia kim loai thay d6i. Dura trén nguyén
ly dinh luat tré luc bién dang 16n nhét trong
ly thuyét bién dang déo, khi goc nghiéng a
cua khudn cang nho thi vat li¢u cang kho di
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chuyén tir ving con (II) sang vung try (1)
va nguoc lai. Pidu nay dugc ching minh
trén d6 thi hinh 4. Khoang céach dau truot
chuyén tir giai doan 2 sang giai doan 3 ddi
v6i a=125° 1a tir 0,23mm dén 0,3mm. Déi
véi a=135° 1a tir 0,23mm dén 0,33mm. Ddi
v6i a=145° 1a tir 0,23mm dén 0,4mm. Déi
v6i a=155° 1a tir 0,23mm dén 0,5mm. Khi
goc nghiéng a cua khuon tang 1én dan dén
khoang cach di chuyén cua chay tir giai doan
2 sang giai doan 3 ciing ting 1én. Cho ta thay
gbc nghiéng a ctia khudn cé anh hudng dén
tdc d6 bién dang cua vat liéu trong qua trinh
ép chay. Cu thé & day 1a khi goc nghiéng a
ctia khuén ting 1én thi tbc d6 bién dang cua
vét liéu s& giam xudng

1000

%
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S
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S

&
=
S

Luc bién dang, [N]

)
=3
S

o

04 0,6
Hanh trinh cta chay, [mm]
Hinh 4. Pudng cong lyc bién dang va hanh trinh
cua chay trong cac qua trinh ép micro khac nhau
(1- Ep nghich; 2- 14p diy long khuon;
3- ép thuén)
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Trong két qua nghién ctru ctia W.L. Chan
va M. W. Fu [9], cac tac gia da sir dung goc
nghiéng thanh long khuon a=135°. Véi
cac diéu kién tuong tu nhu qua trinh mo
phong, chi tiét thu duoc c6 mot khuyét tat
(mot khoang rong) nhu trong hinh 5. So
sanh v6i két qua mo phong thu dugc ciing
cho két qua twong tu, mot khoang rdng da
duoc hinh thanh trong qua trinh dong chay
cua vat liéu di chuyén tir qua trinh 2 sang
qua trinh 3.

Hinh 5. Cau tric vi m6 cta cac bd phan duogc
tao hinh siéu nho trong qua trinh ép thanh
két hop tién-1ui [9]

-

m @) 3 @

Hinh 6. Sy hinh thanh khuyét tt trong qua trinh

ép micro két hop tién-1i v6i cac goc nghién khac

nhau cua long khuon a (1)- a=125% (2)- a=135%,
(3)- a=145% (4)- a=155°

Vi cac kich thude goc nghiéng a cua
khuoén khac nhau trong bang 3, cac thi
nghiém mé phong sé da duogc tién hanh. Cac
két qua cua chi tiét thu duoc sau qua trinh
mo phong dugc hién thi trén hinh 6. D& dang
nhan thay khi kich thudc goc nghiéng a ciia
khuon ting dan thi khuyét tat (hinh thanh
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khoang rdng) ciing giam dan. Do siu cia
cac khoang rdng ddi véi cac trudong hop 1an
luot 1a: Khi a=125°1a 0,173mm; Khi a=135°
la 0,166mm; Khi a=145° l1a 0,086mm; Khi
a=155°130,028mm. T cac két qua thu duoc
ta xay dung do thi thé hién sy anh hudng ciia
gbc nghiéng a cuia khuon téi su hinh thanh
khuyét tat (hinh thanh khoang rong) (hinh 7).
Dac biét voi truong hop a=155° thi khoang
rong rat nho, gan nhu khong déng ké so voi
cac truong hop con lai.

g ),

w0 0,14

59 N\

: \

i |

(g v

g8 _
135 145 155

G6c nghiéng ctia khudn, a [°]

Hinh 7. Anh hudng géc nghiéng a ctia khudn
t6i sy hinh thanh khuyét tat

4. Két luan

Khi cong nghé ki thuat phat trién khong
ngung, viéc ung dung cac cong nghé mod
phong sé trong qua trinh nghién ciru 1a diéu
can thiét. So sanh cac mé hinh mé phong sb
v6i cac md hinh thi nghiém thuc té cho thay
khong c6 su khac biét qua nhiéu cho thay do
tin cdy cua cac két qua thu duoc sau qua trinh
mo phong sé. Véi két qua dat duoc chung ta
6 thé dua ra mot s6 két luan chinh sau day:

1. Ban kinh goc nghiéng cua khuon
lam can tré sy di chuyén ciia dong chay vat
li¢u trong qua trinh ép chdy, lam qué trinh
chuyén ddi tir giai doan 2 sang giai doan 3
kéo dai hon.

2. Trong qua trinh ép chay goc nghiéng
a cua khuon c6 anh huong té1 su hinh thanh
khuyét tat (hinh thanh khoang rong) cta chi
tiét. Khi a cang 16n thi sy hinh thanh khuyét
tat giam.
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3. Ung dung cong nghé mo phong sb
trong qué trinh nghién ctru giup gidm thoi
gian, chi phi nghién ctru va tdi wu chat lugng
san pham.
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