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Fig. 1 Die photo (a) and schematic diagram (b) of principle of

SGMF tube outer pressure compression forming
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Fig. 2 Forming parts of different diameter reduction zones:

(a) h=25 mm; (b) ~=35 mm; (c) /=45 mm
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Fig.3 HandySCAN 3D laser scanner
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Fig. 4 Reverse 3D diagram and intermediate section profile of parts formed with different height of diameter reduction zones (7, is

instability wave number): (a), (a) A=25 mm, n.=7; (b), (b") /=35 mm, n.=13; (c), (¢') /=45 mm, n.=12
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Table 1  Mechanical properties of AA6061 tube under
solution treatment at (500 ‘C, 2.5h)
pl(grem™)  E/GPa \% o/MPa Al%

2.75 68.9 0.33 43.74 18.34

ABAQUS "2kt Drucker-Prager FEAY 0] DL%
R SE BRI AT R 1) S RE, e
KA ARG JE EAR SR A 5T, BI GM BURLAE A& A
JRUSY, AR o R R 4 R BY D) SE RS A3 E]) GML B
$i ff) Drucker-Prager #8157, 3 2 fiaw.
2™ BONTRLA B A BERE S Egw AMURLAY
B R R v ORI B VAR B X =l

£ 2 GM ki Drucker-Prager 7 247

Table 2 Drucker-Prager model parameters for GM
BI(°) Egw/GPa % X
34.1 30 0.45 0.82

A4S,
17.5




1858 hEA O RYR

2020 4F 8 A

Je AR 735 =l R A R RS S 2 B RS B
AR A -

2.2 WEXI S A0SR A

BRI YT R R4 AR 7> 7e 5ot B S4R B
J6, HAERERRE, EH T TR AR R R ek g i,
IF HREARAF MR AR T . K AR SRR AT O, A
W TE A I B A e e P o UKL A PR\
TR ENERGERA 7> SR TT, B S3IDSR HIT . HARHR
PRI SONRIER o 8 I s i 7, Xt b Skt o 17 52
%o AIRTTERMUIE 6 Fios.

Mandrel

Jhibe Punch

Granule
medium

Pedestal

El6 BRI ERY

Fig. 6 Numerical model of tube diameter reduction forming
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Fig. 7 Dynamic finite element simulation diagram of tube

diameter reduction
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Table 3 Eigenvalues of buckling modes

Mode No. Eigenvalue Mode No. Eigenvalue
1 5.91055%X1072 11 8.69396X 1072
2 5.91055% 1072 12 8.69396X 1072
3 6.07815X1072 13 8.93189X1072
4 6.07815X 1072 14 8.93189X 1072
5 6.55261%X1072 15 9.97502X 1072
6 6.55261%X1072 16 9.97502X 1072
7 6.68975 %1072 17 1.141%x107"
8 6.68975%X1072 18 1.141 X 107"
9 7.58651%X1072 19 1.299X 107"
10 7.58652% 1072 20 1.299x 107"
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Fig. 8 Energy consumed by different modal defects
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Fig. 10 Reduced-diameter forming simulation diagram by
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Numerical simulation on wrinkling instability of
tube outer pressure compression

ZHANG Xin, ZHAO Chang-cai, DU Bing, LI Han, HAN Zhao-jian, SONG Peng-fei

(Key Laboratory of Advanced Forging & Stamping Technology and Science of Ministry of Education,
Yanshan University, Qinhuangdao 066004, China)

Abstract: The lightweight thin-walled parts are increasingly used in high-tech engineering fields such as aviation,
aerospace and automobile. Wrinkling instability has always been one of the major defects in thin-walled parts forming
processes. Therefore, the study on prediction of plastic wrinkling instability becomes particularly important in the process
of forming lightweight thin-walled parts. Based on the inconsistent between the instability simulation prediction of
thin-walled tube structures and the actual situation which are due to various initial defects (such as uneven thickness,
dimensional deviations, etc.), this paper takes the example of the AA6061 diameter-reduced tubes by solid granule
medium forming technology and combines the DYNAMIC algorithm which is the most suitable for complex contact
conditions in ABAQUS, simulates the tube outer pressure compression forming with no initial imperfections, buckling
modes initial imperfections, uneven thickness initial imperfections and the last one which contains buckling modes initial
imperfections and uneven thickness initial imperfections. The dynamic finite element method with simultaneous
introduced buckling modes and thickness unevenness imperfections can accurately predict the instability waveforms of
the tube through the comparison between the simulations and the tests. The reliability of the simulation method is verified
through the comparison between the simulative and experimental force-displacement curves.

Key words: tube outer pressure compression forming; numerical simulation of wrinkling instability; buckling mode;

thickness imperfection
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