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Effect of the Die Conner Radius on the Sheet Metal Hydroforming Process
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Tom tat

Nguyen céng dép vudt duoc st dung rat nhiéu trong qua trinh tao hinh cac chi tiét phurc tap trong dé bao
gom ca cbng nghé dap vubt truyén théng, dap vubt thuy co, dap vubt thay tinh. Mi céng nghé cé nhiing wu
diém khéc nhau va g dung phu thudc vao vt liéu, san pham, diéu kién san xuét ... Céng nghé dép thiy
tinh dwoc st dyng cho nhing chi tiét cén c6 bén kinh géc lwon chi tiét nhé ma céc phwcyng phép khac kho
hodc khéng thé ché tao. Muc tiéu cta nghién ciru nay la xac dinh anh hwdéng cda ban kinh goc lwon coi
trong quaé trinh dap thdy tinh chi tiét tim dén kha ndng tao hinh va théng sé luc chén. Nghién ctru duoc thuc
hién voi thép ZAM day 0,8 mm véi cac ban kinh goéc luon ¢éi 2mm, 3mm, 4 mm, 5 mm va 6mm..

T khoa: Dap thay tinh, Bién méng, Nhan, Rach. ..
Abstract

Drawing is used a lot in the process of the intricate part shaping including traditional drawing, hydro-
mechanical deep drawing, and hydrostatic deep drawing. Each technology has different advantages and
applications that depend on the materials, products and production conditions... Hydrostatic deep drawing is
used for the products, required die shoulder and die radius little, that is difficult or impossible to fabricate by
other method. The objective of the present study is to determine the influence of work piece materials on die
shoulder radius in sheet hydrostatic forming process. The die shoulder radius plays a vital role in
manufacturing the product in deep drawing process to formability and holder force. The present work deals
with ZAM steel blank of 0,8 mm in thickness, and 2mm, 3mm, 4 mm, 5 mm and 6mm for corner radii of the

die.

Keywords: Hydrostatic Forming, Thinning, Wrinkle, Crack ...

1. Pit van dé

bi co nhiéu nghién ctru vé qué trinh va t6i uu
céc thong s6 cong nghé khi dép Vuot truyen thong [1-
3]. Cac co che bién dang, h¢ s6 dap vudt, mic do
bién dang toi da, su bién mong thanh hodc nhing
dang hong chi tlet da dugc nghién ctru, cong bd va ap
dung vao san xuat cong nghiép. Tuy nhién, cong nghé
dap vubt truyén thong con cé rat nhleu cac nhugc
diém nhu: khé ché tao duoc cac chi tiét c6 hinh dang
phirc tap, ton kinh phi khi phai tao ca chay va cdi nén
kho ché tao khi san lwong nhé ... Cong nghé dap thuy
tinh dugc phat trién va img dung dé khic phuc nhiing
nhuoc diém cia cong nghé dap vudt truyén thong.
Cong nghé nay véi cac vu diém: Ban kinh géc lugn
nho, hinh déng hinh hoc chinh xac, ning suét cao, tiét
kiém chi phi do chi ché tao cbi thiy tinh [4]. Hai
cong nghé nay da dwoc nhidu nhém nghién ctru thue
hién va dua ra cic so sanh véi cic wu nhuoc diém
khac nhau [5,6]. Mot trong nhitng yéu t hinh hoc ciia
khuén quyét dinh su hinh thanh chi tiét 1a ban kinh
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gbc luon cbi, ban kinh géc luon day chi tiét. Do vay,
nhém nghién ctru trién khai cong viéc khao sat anh
hudng cua ban kinh géc miéng lugn miéng va day cbi
dén qué trinh hinh thanh va bién dang chi tiét dang
cdc try véi vat lidu thép ZAM day 0,8 mm. Phuong
phap nghién ciru duge thuc hién bang mé phong sd
két hop thuc nghiém. Cac két qua mo phong duge
kiém ching bing mot trudng hop twong Gmg véi ban
kinh géc lugn miéng ¢di rc = 4mm va béan kinh day
¢di re = 2mm.

2. M6 phéng qua trinh dip chi tiét cdc tru véi ban
kinh géc luon coi khac nhau.

Hinh 1. So d6 nghién ctru
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So d6 nghién ctru nhu hinh 1. Phéi 1 duoc dat
vao giita tim chan 2 va cbi thiy tinh. Khi chit long
dugc bom vao trong long cbi tac dung truc tiép 1én bé
mat phoi s& 1am bién dang phéi theo hinh dang cdi.

2.1. Vit li¢u nghién ciru

Vat liéu su dung nghién ctru 1a thép can nong
dugce phu 16p kim loai (ZAM) vdi thanh phan va tinh
chat nhu sau [8]:

Bang 1. Thanh phan hoa hoc 16p phii thép ZAM (%)

Zn Al Mg
91% 6% 3%
Bang 2.Thanh phan hod hoc thép can nong SPHC(%)
C Mn P S
<0.15 | <0.60 <0.050 | <0.050

Gidi han chdy cua vdy li€u thép ZAM cé dugc
nho thi nghiém kéo trén mdy MTS-809.
Axial/Torsional Test System:
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Hinh 2. Thi nghiém kéo mau vit liéu va d6 thi quan

hé ung sudt — bién dang cua vat liéu khi kéo
Két qua kéo cho o, = 300 MPa = 30kG/mm>
2.2. Xdy dung mo hinh hinh hoc

Phuong phap phan tir hitu han gin day da duoc
phat trién dé phan tich va du dodn céc qua trinh, Ung
suat va bién dang khi tao ‘hinh. Do d6, nhiéu nghién
ciru da duoc thyc hién bang cach st dung phuong
phép phan tr hitu han.

Hinh 3. Xay dung mo6 hinh hinh hoc

M4 hinh hinh hoc duge xay dung nhu hinh 3.
Duong kinh chi tiét $60 mm, chiéu day phoi 0,8mm,
chiéu sau chi tiét 25mm.
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2.3. Két qua mé phong

Bing phuong phap tiém cén ole, tién hanh chay
cac bai toan trén may tinh, dé san pham tao hinh dat
yéu cau ve hinh dang, kich thudc.

Xét trudong hop ban kinh géc luon miéng cbi
thuy tinh ro = 2mm; lan luot ban kinh day chi tiét 1o =
Imm, 2mm, 3mm, 4mm va 5 mm. Quan hé luc chian
va muc d6 dién day goc luon chi tiét duge chi trong
bang 2.

Hinh 4. Chi tiét hinh thanh khi r.= 2mm, re = 2mm.

Khi ban kinh géc lwon miéng cdi r. = 2mm,
tat ca cac truong hop voi cac dai luc chian khac nhau
déu gay nén rach phoi, khong dién day duoc.

ro | Luc chap Luc chap Tt Tinh trang chi
(mm) | nhod nhat | 16n nhat | (mm) tiet
Qi1 (kN) | Q2 (kN)
0 25 1 |khong day, rach
0 25 2 | khong day, rach
2 0 25 3 | khong day, rach
0 25 4 | khong day, rach
0 25 5 | khong day, rach

Hinh 5. Chi tiét khi re=2mm, re = Imm, Q = 25kN

Khi ban kinh géc lugn miéng ¢di re = 3mm,
re= 1mm, 2mm, 3mm chi tiét khong thé dién day day
¢di va bi rach tai miéng cdi (hinh 5). Vi ban kinh
day chi tiét ry = 4mm va Smm, chi tiét tao hinh dat
kich thudc va hinh déng yéu cau, luc chin Q = (12 =
25) kN.

Hinh 6. Chi tiét khi r.= 3mm, ree = Smm, Q =25 kN
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Hinh 9. Chi tiét khi r.= 6mm, rq = 3mm. Q = 50kN

=

P N

4
5

Ap suat chan nho nhat trong xi lanh (bar})

3 4

Rc (mm)

2 3

Rct (mm)

a - Mién lam viéc cua luc chdn nho nhat

Ap suat chan lon nhat trang xilanh (bar)

2 3

Rt (mm) Rc (mm)

b - Mién lam viéc cua luc chan 16n nhat
Hinh 10. Mién lam viéc cua luc chin

Lan luot thuc hién vdi cac ban kinh goc luon
miéng cbi re= 3mm, 4mm, Smm va 6mm tuong ung
v6i ban kinh goc luon day chi tiét re= 1mm, 2mm,
3mm, 4mm va Smm ta dugc céc gia tri trong bang 3.
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Nhim thuén loi cho qua trinh thyc nghiém sau
nay, ta chuyén di ap luc chin 1én chi tiét sang thong
sO 4ap suat trong long xilanh chin. Hé thdng thuc
nghiém dugc thiét 1ap trén may ép thuy luc 125 tin
voi dudng kinh xi lanh cong tdc 220mm. Trong qua
trinh thyc nghiém, ta s& thiét 13p 4p luc chan theo
thong sb 4p suat nay. Tién hanh diéu chinh ap suét xi
lanh chan P (gia tri P dugc hé¢ théng do ép suat — hanh
trinh do va luu gitr két qua).

Trong tat ca cac truong hop, khi ban kinh chi
tiét nho ro = lmm khong thé dién day duoc tai goc
day chi tiét, véi cac truong hop ban kinh day chi tiét
ree > 2mm thi chi tiét dién ddy ré dang hon.

Bang 3. Quan hé gitta luc chan va ban kinh r tuong
ung vdi cac gia tri ban kinh géc lugn miéng coi re.

re | Qi [P | Q| P2 ree | Tinh trang chi
(mm) | (kN) |(bar)|(kN)| (bar) | (mm) tict
0 | 0 | 25|53 | 1 |khongday, rach
0 |0 |25]53 | 2 |khongddy, rich
2 1 0 |0 [25]53 | 3 |khongday, rach
0 | 0 | 25|53 | 4 |khongday, rach
0 | 0 [25]53 | 5 |khongday, rach
10 12,6 25| 5,3 1 |rach & goc lugn
10 |26 25| 5,3 2 |rach & goc luon
3110 [26]25| 53| 3 |rachd goc luon
12 (322553 | 4 Dat
12 (322553 | 5 Dat
19 [50/30| 79 | 1 | Nhan,khong
dién day
19 [50]32] 84| 2 Dat
Y120 [53]33]87] 3 Dat
20 [53(35|92 | 4 Dat
20 |531(35]92 | 5 Dat
22 |58|45|11,8| 1 | Nhan,khong
dien day
23 6,147 |123] 2 Dat
> 123 6147|123 3 Dat
23 | 6,148 |12,6| 4 Pat
23 6,150 (132 5 Dat
35 19,2| 50 | 132| 1 | Nhan, khong
dien day day
35 19255 |144| 2 Dat
6 1735 [92] 55144 3 Pat
35 9258|153 4 Dat
35 192158153 5 Dat
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Tur cac két qua bang 3, ta xdy dung dugc mién
luc chan t6i thiéu va mién luc chan t6i da phu thudc
vao ban kinh géc lugn miéng cdi r, va ban kinh goc
lugn chi tiét ro. Mién lam viée cua luc chin khi ban
kinh goc luon cdi, ban kinh géc lugn chi tiét thay doi
nam trong mat giéi han trén va mat giéi han dudi cua
cdc mat luc chin nho nhét va 1on nhat (hinh 10).

Tir hinh 10 ta thdy rang ban kinh géc luon chi
tiét cang 16n thi mién luc chin cang dugc md rong,
ddng thoi gia tri luc chan Q ciing ting 1én dé tranh
hién tuong nhian do kha niang kéo phéi vao trong long
cbi d& dang hon (g suit hudng kinh o, giam di nhu
vay theo Huber Mises thi img sudt chin o, phai ting
1én).

4. Thye nghiém

Nhiam kiérp chung cac két qua mo phong, thuc
nghiém dugc tién hanh cho truong hop ban kinh luon
¢di r.=4mm va ban kinh chi tiét ro = 2mm.

Hé théng thuc nghiém tié,n hanh trén may ¢p
thuy lwe 125 tan cung voi hé thong cap chat long cao
ap, cac thiét bi thu thap két qua do va xu ly tin hi¢u.

Khuon thi nghiém dugc tac gia ché tao vai kich
thudce long coi nhu trong bai toan mo6 phong.

Puong kinh long ¢di: $60 mm
Ban kinh goc lugn miéng cdi: r. =
Baén kinh géc luon day: 1o =2 mm
Chiéu sau long cbi: 25 mm

4 mm

Hé thdng do 4p sudt hanh trinh bao gdm cam
bién K, do 4p suét trong cbi thuy tinh, cam bién K, do
ap suét trong xilanh chin may ép, cam bién hanh
trinh do hanh trinh tao hinh chi tiét trong 1ong cdi.
Céc tin hiéu do duoc thu thdp va xu ly tin hi¢u béng
may tinh.

Pit lyc chan twong tmg ap sudt xi lanh chin P,
= 8 bar tvong duong lyc chan 30 kN.

Trén hinh 12a 1a hién tugng 1éch do dong kim
loai khi kéo vao 1ong c¢di khong déu; trén hinh 12b 1a
hién tugng nhdn vanh va hinh dang pho6i chua dat
duoc theo thiét ké do Iuc chan th.'?ip.

Trén hinh 12¢ thé hién su thay d6i hinh dang
phoéi twong tng v6i mdi mirc d6 ap suat khac nhau lan
luot 1a 300bar, 330 bar, 430 bar. Véi ap sudt 430 bar,
chi tiét dat yéu cau tao hinh dién day géc chi tiét, con
hai trudmg hop 4p suét con lai do gia tri thip nén chua
dat dwoc vé hinh dang yéu cau.

Thuc nghiém cho thay két qua tuong dong véi
cac két qua mo phong. Mbi quan hé giira gia tri ban
kinh géc lugn coi, ban kinh goc lugn day chi tiét va
luc chan trong mo6 phong la gia tri tham khao trong
thuc tién nham giam cac budc tim cac ban kinh téi uvu
khi san xuat.
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Hinh 12. Mot s6 hinh anh tao hinh chi tiét
5. Két luan
Céc két luan tir nghién ciru nhu sau:

1. Khi ting ban kinh goc luwon miéng cbi re, luc
chén can thict toi thiéu va t61 da tang sap xi 45% khi
ban kinh r. tang 1 don vi. Nguyén nhan bao gom:
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- Mot 1a do khi ban kinh r. tang 1én lam kha
nang kéo phdi vao trong coi ré¢ dang hon, dé can bang
ung suat bat budc phai tang ung suat chan 1én.

- Hai 1a sy mét 6n dinh tai ban kinh géc luon
cua coi gdy nhan tai phan vanh khi tang r., d¢ khong
mat On dinh thi phai tang gia tri luc chdn khi tang r..

2. Véi ban kinh géc lugn day chi nho (Imm),
su dién day la rat kho (do ty sb S/D tai ban kinh goc
luon 16n). Khi ting ban kinh géc lugn chi tiét ry 1én
mdt don vi, gia tri luc chan & day thay ddi khong
déng ké. Dé dién day cac ban kinh goc lon chi tiét thi
can tang 4p sudt chét 10ng trong 1ong cbi po.
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