%36 % 4 5 M hOE ML A TR Vol.36 No.5
2025 4F 5 H CHINA MECHANICAL ENGINEERING pp.1074-1082

75 g B [ IO 7 O AR e 5 AR A 9 S ST R R Wi

Aok E B I RAE FHAE FF AT AR
1.AELXFARBERBRREHFHAFTHRETLEEHLET.ALZ5,066004
2.E LK FThEABEFT B TH R FH PO, A2 5,066004

HE REIABEAYGRGETAHFHBERBG EZHARKRZ —, ERARBEEFEG L)
RESBAAGRYRRARK Y0 R T ARG A S THRHABERAB IR PR ERBEAL,
KA ABAQUS %4+ 89 Buckle-Dynamic 3ok 25 & SR 2 U Z A1 5 5 T4 M 70 iR R 45 AL 5 AT AL AL
FB AR SREE A EN AL, RERES L EARHMEAIFER, XA ML EE QNN 6K
HERARENZARETFEITHRMEGSFHETHBEREEF L, WTTEOR A BB RS AR
YT BB R EEREZAPILEG T 0, AREREYN,MEGE N T ARG
FHEW RERTBRE, IRERTABRM RN T LA S0 R R A R A6 X6 R AR F B
I,

KB A AR s SR BT A s i T T VR R AR 5 R I 1 5 I A A A 2k

RE DS . TG386 L

DO1:10.3969/].issn.1004-132X.2025.05.019 FRAZE (R IERS )RR (OSID) : o

Establishment and Influences of Critical Wrinkling Criterion of
Sheet Metals Considering Thickness Stress

DU Bing"** LI Yang'? LIU Fenghua'? DONG Mingxin'? WAN Yufan'"*
ZHONG Qingshuai'**
1.Key Laboratory of Advanced Forging &. Stamping Technology and Science( Yanshan University) ,
Ministry of Education of China,Qinhuangdao, Hebei,066004
2.Hebei Engineering Technology Research Center of Metal Precision Plastic Processing,
Yanshan University, Qinhuangdao, Hebei, 066004

Abstract; Wrinkling instability was one of the main technical challenges affecting the precise plas-
tic forming of thin-walled parts. The stress state in the thick direction had a great influence on the
forming limit of the sheet metals during the sheet forming processes. In view of the above problems,
the wrinkling instability of sheet metals in plastic forming processes was studied under different thick-
ness stress conditions. The Buckle-Dynamic algorithm in ABAQUS software was combined with solid
element modeling to establish a numerical analysis model of liquid-filled compression of fan-shaped
parts, and the accuracy of the simulation algorithm was verified by tests. According to the wrinkling
bifurcation theory and numerical analysis results, a method was adopted for defining the critical wrin-
kling time of the plates considering the thickness stress, and the critical wrinkling limit curve was es-
tablished under the compression conditions of the plates. The influences of thickness stress on the
compression wrinkling behaviors, wrinkle resistances and the positions of critical wrinkling limit
curve in space of fan-shaped parts were discussed. The results show that the applications of thick
stress may improve the wrinkle resistances of the sheets and improve the forming quality, which pro-
vides useful reference and experimental basis for the selection of sheet metal forming parameters and
the trial production of typical parts.

Key words: wrinkling instability; solid element modeling; liquid-filled compression of fan-shaped

part; thickness stress; critical wrinkling limit curve
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Fig.1 Uniaxial tensile test specimen
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Fig.2 True stress-true strain curve of 304 stainless steel
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Tab.1 Constitutive equation parameters of specimen
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Fig.6 Liquid-filled compression wrinkling test device

and schematic diagram of fan-shaped parts
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Fig.7 Compression wrinkling test results of fan-shaped

parts under different thickness stresses
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Fig.8 Forecast diagram of finite element simulation
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Fig.9 Liquid-filled compression wrinkling model and
mesh division of fan-shaped parts
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Fig.10 Compression wrinkling simulation results and
three-dimensional laser scanning diagram of

fan-shaped pasts
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Fig.12 Thick displacement test data and simulation data
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Fig.13 Node setting in the thickness direction of
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plate under three-dimensional stress state
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Fig.17 Thickness displacement nephogram and critical

wrinkling strain line of fan-shaped parts

with 3 MPa thickness stress
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Fig.18 Thickness displacement nephogram and critical

-

wrinkling strain line of fan-shaped parts
with 6 MPa thickness stress
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Fig.19 Thickness displacement nephogram and critical

wrinkling strain line of fan-shaped parts

with 9 MPa thickness stress
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Fig.20 Influence of the thickness stress on the critical

wrinkling limit curve
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