Cong nghiép rirng

NGHIEN CUU ANH HUONG CUA LUC CHAN PHOI PEN KHA NANG
TAO HINH THUY CO THEP KHONG Gi TREN CO SO MO PHONG SO
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TOM TAT

Dap vudt 1a mot trong nhiing qué trinh quan trong tao hinh kim loai tim, dugc tng dung rit rong réi trong cac
nganh cong nghiép hién dai va cling 1a yéu td c6 vai tro quan trong trong twong lai. Bai bao nay nhim muc dich
nghién ctru kha nang tao hinh bién dang déo cua thép khong gi SS304 & nhiét 6 phong bang phuong phap dép
thity co. Ty 1& dap vudt, luc chin phoi va ap suat chat 1ong trong long cdi 14 cac thong s6 cong nghé co ban
duoc khao st trong qua trinh mo phong tao hinh thily co. M6 phong phan tir hitu han dwoc thyc hién bang cach
str dung Eta/Dynaform véi tinh ning siéu manh LS-DYNA, mé phong hoan chinh h¢ théng khuon dap thiy co.
Trén co s md phong qua trinh dap thiy co cho ta thay ty 1& dap vudt ting, ty 1¢ bién mong giam khi xac dinh
thong s6 luc chin phoi hop 1y. So sanh giita cac bo két qua ta nhan duogc do tin cay gitta mo phong sé va két
qué thuc nghiém, trong d6 luc chan phdi 1a mot thong sé cong nghé dau vao quan trong anh hudng truc tiép téi
kha nang bién dang déo cia thép khong gi SS304 ciing nhu chat lugng dau ra ciia chi tiét dap.

Tir khéa: Bién dang déo kim logi, dip thiiy co, mé phong sé ddp thiiy co, phin tiv hivu han, tao hinh kim

logi tém.

I. PAT VAN DE
1.1. Giéi thiéu chung

Dap vudt 1a mot trong nhitng qua trinh tao
hinh kim loai tim quan trong. Hau hét cac
thanh phan kim loai tim dang dugc ung dung
trong cac linh vuc 6 t6, hang khong, hang thuy,
hat nhan déu ung dung qua trinh nay. Trong
d6, tao hinh bién dang déo phoi tim kim loai
mong boi thiét bi tao hinh nhu chay, cbi ta thu
dugc chi tiét c6 hinh dang mong mubn ma
khong bi phé phdm. Cac thong s bao gdm tinh
chét co hoc va tinh chat luyén kim ctia kim loai
tam, hinh dang hinh hoc cua chay va cbi, toc
d6 cuia chay, d6 day phoi, bdi tron... gop phan
vao sy thanh cong ctia qué trinh tao hinh véi
muc d6 khac nhau va phu thudc 1an nhau [3].
Do d6, su hiéu biét vé kha nang tao hinh bién
dang déo cua kim loai tAm 1a mot diéu can thiét
cho viéc san xuét cac thanh pham chét luong.

Do nhu cau ngdy cang doi hoi tinh uu viét
ctia cac san pham co khi, trong d6 c6 chi tiét
dang coc bang vat liéu thép khong gi. Ngoai
cong nghé tao hinh truyén thong sir dung chay
cling — cbi cung, cong nghé gia cong ap luc
hién nay s dung cic cong nghé méi nhim

giam sb luong cac nguyén cong, ting ty 1& dap
vudt, ning cao chit luong san pham, tranh
duoc cac khuyét tat nhu rach, nat, bién mong
thanh hoac nhan... M0t trong nhitng phuong
phap gia cong ap lyc tién tién hién nay la st
dung chay cimg va cdi chit 1ong cao ap dé tao
hinh, d6 1a cong nghé dép thiy co.

Su phat trién manh mé& cia ky thuat may
tinh va cac phuong phap tinh todn mé phong
dya trén nguyén tic phan tir hitu han d3 tao
diéu kién thuan lgi cho viéc nghién ctru, tinh
toan, thiét ké va mo phong qua trinh cong nghé
dap tao hinh. Phuong phap “Céong nghé mo
phéng s6” duoc coi 1a budc dot pha trong cong
nghé va dan dan thay thé dugc cong nghé cd
dién, dic biét trong viéc tinh toan, thiét ké mat
rat nhiu thoi gian va cong strc ciia cic nha
may trudc day chi dua vao kinh nghiém san
xuit. Cong nghé mo phong s ung dung trong
nganh gia cong ap luc gitip cho viéce tinh toan,
thiét ké khuén miu nhanh, don gian va c6
dugc nhitng quyét dinh cong nghé dung din
ngay trong lic mé phong boi sy phan tich tinh
toan chinh xac phian bd tng suit, bién dang
ngay trén vat liéu va khuén mau tai ting thoi
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diém, ciing nhu dién bién cia qua trinh tao
hinh. Qua d6, nhanh chong ti wu hoa dugce cac
thong sd cong nghé anh hudng t6i quéa trinh
bién dang nhim dam bao d6 chinh xac vé hinh
dang va kich thudc cia san pham ciing nhu co
- ly tinh ctia san phdm. Tuy nhién, hién nay
viéc tinh toan cong nghé dap thuy co chi tiét
vé mong van chua duge nghién ctiru mot cach
tong quat ciing nhu tng dung vao thuc té san
xuét tai Viét Nam. Vi vy, bai bao nay tac gia
tmg dung phdn mém eta/Dynaform vao viéc

(%4
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mo phong sb qua trinh dap thiy co chi tiét vo
mong dang cdc nham tdi wu hoa cong nghé,
giam gia thanh san pham, tiét kiém dugc thoi
gian trudc khi dua vao thu nghiém va Ung
dung san xudt.
1.2. Cic yéu to co ban trong qua trinh dip
thay co

Trong qué trinh dap vudt thuy co, phoi kim
loai tAm chiu tac dong cua cac loai trang thai

tmg suat khac nhau [2] nhu minh hoa trong
hinh 1.
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Hinh 1. So dé trang thdi irng sudt, bién dang ddp vudt thuy co

Cdc yéu 16 co ban trong qud trinh ddp thiy co

Phan vanh phéi: Ca dap thuy co va dap
vudt thong thuong déu co trang thai Gmg sut
khdi (hai chiéu nén va mot chiéu kéo), trang
thai bién dang 14 bién dang khdi (hai chiéu kéo
va mot chidu nén). Thanh phin bién dang +e,
lam cho phdi trén phan vanh bi bién day, dé
gay ra su mat 6n dinh va lam xuét hién nhin,
rach phoi. Do d6, trong dap thuy co can thiét
phai c6 chdn, chan ngoai tdc dung bit kin khe
hé gitta phoi va vanh c¢di con co tic dung
chéng nhin ddng thoi ting sy On dinh cia
phoi. Trong do, luc chin va phuong phap chan
phai hop 1y vi ddy 1a thong sé anh hudng truc
tiép ti chat lugng san pham.

Phan chuyén tiép giita vanh phéi va dung cu:
Phan nay chiu anh hudng cia trang thai tng

suat — bién dang khdi phirc tap. Diém khac biét
so v6i dap vudt thong thuong 13 thanh phan
g suit nén o, do 4p luc q ciia chat 1ong chiu
nén giy ra, nén da lam gia ting déng ké tinh 6n
dinh cua phoi ciing nhu kha ning bién dang
déo cta vat lidu, dong thoi giam thiéu tac dung
khong c6 1gi ciia ma sat nhu trong truong hop
dap vudt trén chay cung — cbi cimg. Véi dap
vudt théng thuong, xdy ra hién tuong bién
mong phdi trén phan ban kinh luon cua cdi, do
d6 c6 thé din dén sy kéo dit phoi trong qua
trinh vudt.

Phan thanh try: Trong dap thiy co c6 trang
thai ing suét hai chiéu (mot chidu kéo va mot
chidu nén), con trong dap vudt thong thuong
chi c6 mot trang thai ing suat (mot chiéu nén).
Qua thyc nghiém cho thay phéi hau nhu khong
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bi bién dang, tirc 12 khong xay ra sy bién mong
phoi nhu trong trudng hop dap vudt thong
thudng, do khong c6 sy tiép xuc truc tiép giita
phoi va bé mit cua cdi nén chit lugng bé mat
ctia san pham duoc tang 1én.

Phan béan kinh heon dau chay: Trong trudng
hop dap vudt thong thuong, ddy 1a phan quan
trong nhit do co sy bién moéng dang ké cua
phoi, hon nita khi ¢6 phdi nam trong trang thai
g xuat kéo hai chiéu, lam giam tinh déo cua
vat liéu, vi thé ddy 1a ving nguy hiém nhat,
phoi d& bi kéo dit. Vi dap vudt thay co, do co
tac dung cua chat 1ong nén phdi nim trong
trang thai (mg suat nén mot chidu o, = q, con
cac thanh phan bién dang déu co gia tri rit nho
(c6 thé coi bang khong). Chinh vi vy, tinh déo
cua vat li¢u trong vung nay tang lén, phoi hoan
toan khong bi pha huy.

Phan dau chay: Phan ndy nam trong trang
thai Gmg sudt don o, = q, cac thanh phan ung
suat chinh khac c¢6 gia tri nhé hon rat nhiéu so
v6i thanh phin o, nén c6 thé coi bang 0, phodi
trong phan nay hau nhu khong bién dang
Trong qua trinh dap vudt thong thuong cd
trang thai ing suét hai chiéu (hai chiéu kéo) va
trang thai bién dang khdi (+ex, +ey va -g,) nén
phoi trong trudng hop nay bi bién mong,

IL VAT LIEU, PHUONG PHAPNGHIEN CUU

2.1. Vit liéu

Trong nganh co hoc, vat liéu luon la yéu tb
dau vao hét stc quan trong va quyét dinh tinh
chinh xac cling nhu d¢ tin cdy cua mdt qua
trinh cong nghé. Trong mo phong s ciing vay,
mo hinh vat liéu dong mét vai tro quan trong vi
n6 thé hién mg xir ciia vat lidu khi bi céc tac

Oy (013,022, 043) = (% IK; + K;I™

K, =Ky(oy,00.01) =

+ 21K, — K, 1™ +

dong co hoc bén ngoai.

Vit liéu phoi tdm s& bi bién dang trong qua
trinh gia cong. Néu mirc do bién dang ma dudi
3% ta c6 thé coi qua trinh bién dang nho.
Trong phan nghién cru nay cac qua trinh bién
dang déu 1a bién dang 16n. Viéc dua ra mod
hinh chinh xac thé hién ung xuir cua vat li€u
phoi trong qua trinh bién dang mang mot y
nghia quyét dinh ddi véi két qua cua qué trinh
mo phong, thyc nghiém va tng dung san xuit.
Cac thi nghi¢ém da xac dinh thép SS304 san
Xuét béng phuong phap can 1a loai vat liéu di
hudng [4].

Mot trong nhitng mo hinh vat li¢u duoc ap
dung c6 hiéu qua d6i voi bai toan bién dang
ngudi vat liéu di hudng dudi didu kién tng
suat phang 14 mo hinh Material Model 36: 3-
Parameter Barlat Plasticity [5]. N6 cho phép st
dung théng sé Lankford dé xac dinh mit chay
déo di hudng, diéu kién déo duoc viét:

f(nr, Ep] = ﬂa_ff(ﬂ'm O22.042) — oy(ep) = 0 (1)

Trong do:

o - tng suat, [N/mm®];
— bién dang déo, %;
Ger— 14 ham cua cac thanh phan tng suat
phing;
[N/mm®];

oy - Ung suat chay [N/m?], 1a ham cua

O11, 022, O12

bién dang déo &,: Gy = 69 + E,p.
Bién dang déo ¢, dugc dinh nghia la:
€ = I:: dey 2)
& day t 1a thoi gian bién dang, [s].
M6 dun déo E, dugc xic dinh qua bién E,
(tagent modulus): Ep = (E.Ey)/(E-E;), v6i E 1a
mé dun Young, [N/mm?].

CKImym ()
Sy +hoas (4)

K; = K303, 02.015) = ll(dﬂ_hﬁn) +plog; (5)

Nhitng thong sb vat lidu a, ¢, h, p va m duoc xac dinh tir nhirng thong sb6 Lankford.
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Gradient cua mét chay déo duogc chi rd:

ar ar
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Trong do:
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of oo,
2 (011,62,01,) =
Op 0o,

(011,05,01,) =

1-m 2
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2.2. Phuong phap nghién ciru

Nghién ctru anh hudng ctua luc chian phoi
dén kha ning tao hinh thiy co thép khong gi
SS304 trén co s& md phong phan tir hiru han
duoc thuc hién béng cach st dung phﬁn mém
Eta/Dynaform voi tinh ndng siéu manh LS-
DYNA.

LS-DYNA cho phép md hinh héa va tinh
toan bai toan mo phong thuy co [2]. Cac budc
tién hanh v6i Eta/Dynaform nhu sau:

- Budc 1: Thiét 1ap md hinh 3D cho bai
toan;

- Budc 2: Chia luéi su dung Blank
Generator cho phdi va Surface Mesh cho
thiét bi;

- Budc 3: M6 hinh vét li€u cho phdi s
dung Blank Material and Property Definition;

- Bu6c 4: Tao diéu kién bién trong LS-

COMPONENT: FLD, middie layer

PART: 2 PHOI

DYNA, bao gém: chuyén vi cta thiét bi, luc
chin, 4p suat 1ong cbi va bat dau qua trinh
tinh toan.

III. KET QUA NGHIEN CUU, THAO LUAN

Mo phong sé voi LS-DYNA cho biét kha
ning tao hinh bién dang déo bang phwong phép
dép thuy co thong qua: Biéu d6 giéi han tao
hinh FLD (hinh 2), phin bé tng suét theo truc
Z (hinh 3), phan bd Gng suit theo mit phang
XY (hinh 4), phan bd bién dang theo truc X
(hinh 5), phan b6 bién dang theo truc Y (hinh
6), phan bd bién dang theo truc Z (hinh 7),
phan b bién day (hinh 8), phan b bién mong
(hinh 9). Vi thong sé dau vao 1a thép khong gi
SS304 & nhiét do phong, duong kinh phoi
D100 mm, diy 2 mm va dau ra 1a chi tiét coc
duong kinh d50 mm, chiéu cao Hy = 40 mm.
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SAFE

WRINKLE
TENDENCY

WRINKLE

SEVERE
WRINKLE

INSUFFICIENT
STRETCH

Hinh 2. Biéu db giéi han tao hinh FLD
TAP CHI KHOA HQC VA CONG NGHE LAM NGHIEP SO 1-2015 97



Cong nghiép rirng

COMPONENT: Z-stress, middle layer

-0.678235
-281.908600
-563.138916
-844.369263

-1125.599609

-1406.829834
-1688.060181
-1969.290527
-2250.520752
-2531.751221
-2812.081445

Hinh 3. Phén bé wng sudt theo trucZ

COMPOMNENT: X-strain, middle layer

0.590673
0.532259
0.473845
0.415430
0.357016
0.298602
0.240188
0.181774
0.123359
0.064945
0.006531

Hinh 5. Phén bé bién dang
theo truc X

COMPONENT: Thickness Strain

-0.247856
-0.196687
-0.145518
-0.094349
-0.043180

0.007989
0.059158
0.110327
0.161496
0.212665
0.263833

Hinh 8. Phén bé bién day

Bing viéc khao sat trén mé hinh sb dé dang
cho phép ta thay d6i diéu kién bién dé khao sat
chit lugng tao hinh bién dang déo thép khong
gi SS304 v6i dau vao nhu trén va dau ra 1a chi
tiét coc duong kinh d50 mm, chiéu cao H, = 10
mm, H, = 20 mm, Hz = 30 mm, Hs = 40 mm.
Khi thay ddi diéu kién bién trén co so chiéu
day phéi va chiéu cao twong ddi khong doi ta
thu duoc mdi twong quan vé gi tri cia chuyén

COMPONENT: Y-strain, middle layer

Hinh 6. Phén bé bién dang
theo truc Y

COMPONENT: XY-stress, middle layer

22573E+03
1.9661E+03
1.6750E+03
1.3838E+03
1.0926E+03
801.440857
510.265625
219.090393
-72.084839
-363.260071
-654.435303

Hinh 4. Phén bé wng sudt theo mdt phi’ing oxyY

COMPOMNENT: Z-strain, middle layer

0.027873

1.0000E-19
0.041248 . 0.000000
-0.110368

0.000000
-0.179489 0.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

Hinh 7. Phén bé bién dang
theo truc Z

-0.455972
-0.525093
-0.594213
-0.663334

COMPONENT: Thinning

21.952787
16.737041
11.521294
6.305546
1.089798
-4.125950
-09.341698
-14.557446
-19.773193
-24.988941
-30.204689

Hinh 9. Phén bé bién méng

vi cua thiét bi, luc chin phoi, ap suét chat long
trong 10ng c6i dé chi tiét thu duoc dam bao yéu
cau (bang 1). Cac gia tri nay cho thay ty 1¢ dap
vubt ting khi x4c dinh lyc chin phéi hop 1y,
va do d6 ching la mot trong cac thong sb
cong nghé duoc st dung dé kiém soat qua
trinh dap thuy co thép khong gi trén cac thiét
bi ép 4p luc (may ép thay lyc 200 tin hodc
hon) tai Viét Nam.

Bang 1. Gid tri ciia lwc chdn phoi phu thudc vao chiéu cao twong doi, ap sudt chit long trong long coi

Ap suit chit

St Chiéu day phdéi  Chiéu cao twong dbi léng trong Luwc chin phéi  Két qui md
(mm) H/D 1ong cbi (bar) (kN) phong
1 2 0,1;0,2; 0,3; 0,4 12 95,00 - 100,50 Dat
2 2 0,1;0,2; 0,3;0,4 12 < 95,00 Loi
3 2 0,1;0,2; 0,3; 0,4 12 > 100,50 L&i
4 2 0,1;0,2; 0,3; 0,4 <12 95,00 - 100,50 L&i
5 2 0,1;0,2; 0,3; 0,4 <12 <95,00 L&i
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0,1;0,2; 0,3; 0,4
0,1;0,2; 0,3; 0,4
0,1;0,2; 0,3; 0,4
0,1;0,2; 0,3; 0,4

O 0 3 N
[\STN NI NS T \S)

<12 > 100,50 Loi
> 12 95,00 - 100,50 Ldi
> 12 < 95,00 Loi
> 12 > 100,50 Loi

IV. KET LUAN

Mb phong sb bang Eta/dynaform co thé
khao sat duoc qua trinh tao hinh bién dang déo
thép khong gi SS304 & nhiét do phong bing
phuong phap dap thiy co. Duwa trén két qua
cia qua trinh mo phong sd cho phép thi
nghiém v6i cac két ciu va cac thong sé cong
nghé khac nhau nhim nang cao chit luong tao
hinh bién dang déo cuia thép khong gi bang
phuong phap dap thuy co.

Trén co s& bai bao ndy c6 thé tién hanh bai
toan toi wu héa cac théng sé cong nghé dau
vao va dau ra dé c6 chét luong cua san pham
t6t nhat. Trong d6 luyc chin phdi 1a mot thong
sO cong nghé dau vao quan trong anh hudng

tryc tiép toi kha ning bién dang déo cua vat
liéu thép khong gi, ciing nhu chat lugng dau ra
(hinh dang, co tinh) cua chi tiét dép.
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STUDYING THE EFFECT OF MOULD CORNER RADIUS ON
HYDROMECHANICAL FORMABILITY FOR STAINLESS STEEL BASED
ON COMPUTER - SIMULATION

Vu Duc Quang

SUMMARY

Sheet metal forming is a method widely applied in modern industries and it is going to be a very important

process in the future. The present work is aimed to investigate the formability of stainless steel 304 at room
temperatures based on hydromechanical deep drawing. Limiting drawing ratio, blank holder force, liquid
pressure and thinning ratio are the indicators of formability in deep drawing. Finite element simulations are

carried out using Dynaform with LS-DYNA solver. Based on the computer-simulation process, it shows that

the limiting drawing ration increases and the thinning ratio decreases when blank holder force and the fluid
pressure are determined rationaly. The comparison between these sets of results indicates the reliability of the
predictions. It was found that there is a good agreement between the experimental and predicted values, in

which blank holder force is the parameter of important technological input directly affect the ability of plastic

deformation of steel SS304 stainless as well as output quality of details.

Keywords: Formability, finite element, hydromechanical deep drawing, sheet metal forming, sheet metal

Plastic deformation.
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