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STUDY ON THE ELASTICITY OF STEEL SHEETS UNDER HEAT

Tran Vin Manh
Khoa Co khi, Truong Pai hoc Kinh té — Ky thuat Cong nghiép

TOM TAT

Nghién ciru ndy trinh bay mét phirong phap dé di dodn chinh xdc xu hwéng dan hoi khi
uon tam thép duwoi nhiét do cao. Nghién ciru tan dung dir liéu thur nghiém do bén kéo mo rong de
xde dinh cac tham s6 cho dinh ludt dé cung dong hoc va dcfng huwong thuan tuy o cdc nhiét do khac
nhau. Mdc div chi sir dung cdc dinh ludt lam ciing dang hudng hodc dong hoc thudn tiy ciing cé
nhitng han ché, dic biét la ¢ nhiét dp cao. Pé gidi quyét van dé nay, tac gia sir dung ty 1é dwong
cong ung suat dong chay giita nhiét dé cao va nhiét do phong nhu mot ham cua cdc tham 6 bién
dang tiwong dwong dé riit ra dinh ludt lam ciing két hop.

Tw khéa: Dinh ludt lam cung; FEM; Dan hoi nguoc, Mo hinh dw dodn.
ABSTRACT

This study presents a method to accurately predict the elastic trend when bending steel
plates under high temperature. The study takes advantage of extensive tensile test data to determine
the parameters for the pure isotropic and kinematic stiffness laws at different temperatures.
Although using only isotropic or purely kinematic hardening laws has its limitations, especially at
high temperatures. To solve this problem, the author uses the flow stress curve ratio between high
temperature and room temperature as a function of equivalent deformation parameters to derive the
combined hardening law.

Keywords: Hardening law; FEM; Reverse elastic, Prediction model.

1. GIOI THIEU ctru [1-3] da d& xuat nhiéu phuong phap khac

nhau dé du doan kha nang tao hinh va giam do

M6 phong phuong phap phan tir hitu dan hoi, bao gdm két hop dir liéu thr nghiém

han (FEM) da dugc chirng minh 1a mgt cong cu ubn véi két qua FEM, thay ddi hinh dang cua

c6 gia tri trong viéc du doan do dan hoi trong dung cu, t6i uu hoa kich thudc tdm va str dung
cac qua trinh tao hinh kim loai. Cac nha nghién mo phong FEM linh hoat.
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Thép tao hinh kim loai dugc st dung
rong rai trong cac nganh cong nghi¢p khac
nhau, hién tugng dan hoi nguoc anh hudng lon
dén d6 chinh xac cudi cling cua san pham trong
qué trinh udn va bi anh hudng bai cac yéu to
nhu ban kinh uén, vat liéu, do day, tdc do udn
va nhiét do gia nhiét [4]. Nhiét do lam néng co
anh huong dic biét dén viéc anh huong dén do
dan hoi. Nhiéu nghién ctru [5] di chi ra rang
nhiét do cao lam giam d6 dan hoi tro lai.

Nghién ctru nay dé xac dinh cac thong
s6 d6 cing trong tim thép ubn ¢ nhiét do cao,
dwa trén cong thirc tng suit ngugc tuong quan
v6i ty 18 ing suat dong chay gitra nhiét do cao
va nhiét d phong.

2. MO HINH VAT LIEU VA PQ CUNG

Dé ap dung trong md phong FEM, cac
tham sb do cung cua dinh luat d6 cung dfmg
huéng va dinh ludt lam cung dong hoc duoc
mo ta bang sy gia ting Gng suit nguoc (o) 1a
mot ham cua bién dang déo twong duong:

g —oy+A(1l—- exp(—Bsf;)) (1)

Trong do, o, la cuong do chay; A va B
1a cac thong s6 do cimg, & 1a ing suét twong

duong va b, la chung tuong duong.

C 1
@ = (1—e ") @)
Y

Trong d6, C va y la cac tham s6 vat liéu
mo ta hanh vi dong.

Quy trinh thyc hién va cac tham sb thu
duogc 1an luot dugc thé hién trong Hinh 2 va
Bang 1. Cac thong sb vat liéu nay s& duogc st
dung lam dir liéu déu vao trong md phong FEM
duoc thuc hién bang phan mém Abaqus.
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(a) 300°C

o, MPa
o, MFa Viee's

(b) 600°C
Hinh 1. Puong cong iing sudt va irng sudt nguwoc
dua trén cac dinh ludt lam cung dong hoc doi véi
(a) Nhiét do 300°C va (b) 600°C.

Trong nghién ctru ndy, vat liéu thép tim
SS400, theo tiéu chuan JISG 3101 [37], duogc
st dung dé thu kéo.

Bdng 1. Thanh phan héa hoc ciia thép tam SS400

C Si Mn P S Cr
0,19- | 0,05- | 0,4-
0,21 | 0,17 0,6

0,04 | 0,05 | 303

3. THi NGHIEM VA MO PHONG UON
THEP O NHIET PO CAO

3.1. Quy trinh moé phéng

Dé du doan do dan hoi sau khi uén chir
V cta tim thép SS400, ca dinh luat 1am cing
dang hu:ong va dong hoc thuan tay déu duoc
sur dung bang phan mém ABAQUS. Cac tham
s6 dau vao cho mo phong duoc trinh bay trong
Bang 2. B 1éch cua géc do (AB) sau khi dan

hoi nguoc duoc tinh:
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Ae - esim_ eexp (3)

Trong d6, 6 va __lan lugt la céc goc
do mo phong va thur nghi¢m.

139.05 [

(a) Pang huwdng déng hoc

1711 ! 119.98 ‘
(b) Ding hiong dong hoc

NM 9647 :

\V4

(c) Pang huéng dong hoc
Hinh 2. Két qua mé phéng véi cdc chuyén vi doc
chay khdac nhau
3.2. Pinh luit lam cirng két hop

Experimeni

— [

Hinh 3. Thiét ldp cdc théng sé cia dinh ludt tang

citng két hop ¢ nhiét d¢ phong

Dy doan dan hdi nguoc st dung dinh
luat 1am cing dang huéng thuan tiy 1on hon
thi nghiém tuong ung khoang 1,6°, trong khi
du doan sir dung dinh luat lam cing dong
hoc thuan tay nhé hon thi nghiém tuong tng
khoang 2,8°. Mot m6 hinh méi da duge dé xuat
bang cach két hop cac dinh luat lam cimg dang
hudéng va dong hoc nhu trong phuong trinh:

C i
& = 6y + Ay (1 — exp(— ByeP)) + 2 (1 — e ¥ea)(4)
Y1

( A dico

Attiep —Ckine

Yxa=0583xa (5)

Eeomb =

Moi quan hé gilta ung suat lung méi

(at,,,,) va bién dang twong duong (e2) duoc sir
dung dé xéac dinh cac tham s6 cua dinh luat do
cling méi duge dé xuat C , vay, str dung phan
mém tinh toan Excel 2013 theo phuwong phap
binh phuong bé nht.

Giso (e5g) = 6 (eby) — (el (6)

Két qua md phong udn chir V thyc hién
trén tAm thép SS400 sir dung dinh luat d6 cing
téng hop duogc dé xuét dugc mé ta & trén va
chtrng minh rang dinh luat do cimg tong hop
duoc dé xuét ¢6 do chinh xac cao hon trong
viéc dy doan dan hoi trong udn chir V so véi
cic dinh luat lam cung dang huéng va dong
hoc thuan tay. Do 1éch tdi da giira két qua mo
phong va két qua thir nghiém d6i voi goc dan

hoi nguogc dugce tim théy 1a 0,668°.
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Bdng 2. So sanh két qud uon chit V trude va sau khi dan hoi ¢ nhiét dg cao 300°C va 600°C

Do goc (°)
H (mm) Goc udn 300°C 600°C
) Mirc do Trung Mirc do Trung
Pau tién 2 3 binh | Piu tién 2 3 binh
10 136 139,1 | 140,15 | 1389 | 139,38 137 137,45 | 1372 | 137,22
16 112 1162 | 1155 1152 | 115,63 | 113,15 114 113,5 | 113,55
22 88 93,5 93,0 93,0 | 93,167 | 90,5 90 90 90,167

Pé mo phong hién tuong dan hoi nguoc ¢ nhiét d§ cao, nghién clru nay su dung dinh luat
lam cing dugc dé xuat ¢ nhiét do phong két hop véi viéc xac dinh ham Gng suat ngugc ¢ nhiét do

cao.
Badng 3. Cac thong 56 do cung cua dinh ludt do cing téng hop o nhiét do cao.
Nhiét do (°C) o, (MPa) A, (MPa) B, C, (Mpa) Vi ticn
300 199.3 53,3422 6,9049 280,9023 2,0133
600 72,43 29,2536 6,3814 36,5690 4,7288
4. KET LUAN Ngay nhan bai: 26/4/2024

Phuong phép nay da dugc chirng minh
thong qua phan tich so sdnh nghiém ngét, bao
g6m phén tich phan tir hitu han bang phan mém
ABAQUS va két qua thir nghiém thu dugc tir
cac thir nghiém uén.

Pi dé xuat 1a mot cong cu manh mé
dé mo phong cac dy doan dan hoi qua cac qua
trinh udn khac nhau lién quan dén cac tam thép
0 nhiét do cao.

Cac két qua co thé ap dung cho viéc tbi
uu hoa quy trinh udn trong cac ing dung cong
nghiép thyuc té, trong d6 du doan do dan hoi
chinh xac c6 thé anh huéng dang ké dén hiéu
suat quy trinh va chat luong san pham, danh
dau su dong gop khac biét va sang tao cho linh
vuc nay.
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