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Numerical simulation and process optimization of aluminum profile

stretch-bending forming
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Abstract; Aiming at the problem of stretch-bending forming of automotive luggage rack aluminum profiles,
ABAQUS finite element analysis software was used to establish a finite element model of the stretch-bending
process. Through the orthogonal numerical experiment of stretch-bending forming of A6043 aluminum profile
structural parts, the influence of key process parameters of stretch-bending forming such as pre-stretching a-
mount, coating stretch amount, supplementary stretch amount and friction coefficient on the springback of the
profile was studied. Results show that within a certain stretching range, the amount of springback decreases
with the increase of the pre-stretch, the amount of coating stretch, and the amount of supplementary stretch,
and it first decreases and then increases with the increase of the friction coefficient. In the process parameters,
cladding stretch amount has the greatest influence on the springback results. When the maximum coating
stretch reaches 3% , the springback tends to be stable; when the pre-stretch amount is 1%, the coating stretch
is 3%, the supplementary stretch is 1%, and the friction coefficient is 0.1, the elasticity of the irregular alu-
minum car roof rack after bending is the smallest.
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Fig.1 Schematic diagram of stretch bending processing
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Fig.2 Changes before and after springback unloading
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Fig.3 A6043 true stress-strain curve
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Tab.1 Mechanical properties of A6043
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Fig.4 Stretch-bending finite element model
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Fig.5 Schematic diagram of displacement

loading trajectory
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f(x) = Rsina + rsin(a + B) — rsina +

(L+Al, +Al, —Ra —1B)cos(a +B) (4)
f(y)=R(1 = cosa) +rlcosa —cos(a +B)] +
(L+Al +Al, - Ra - B)sin(a + )

(5)
FMPLEE S I B AL B B
f(x) = Rsina + rsin(a + B8) — rsina +
(L + Al +AlL +Al, = Ra = B)cos(a +B)

(6)
S(y) =R(1 = cosa) +r[cosa — cos(a +B) ] +
(L +Al +Al, +Al, = Ra — 8)sin(a + B)

(7)
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Tab.2 Factor levels for stretch forming
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% % % £

1 0.2 1 0.2 0.05
2 0.6 2 0.6 0.10
3 1.0 3 1.0 0.15
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Tab.3 Orthogonal experiment table

Fpi Wb WP AR EER
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1
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Tab.4 Results of orthogonal experiments

Wbk AR, AR, R Rl

%

mm mm mm  RE mm
1 1.89 9.43 1.89 0.05 9.40
2 1.89 18.86 5.66 0.10  3.86
3 1.89 28.29 9.43 0.15  4.47
4 5.66 9.43 5.66 0.15  8.89
5 5.66 18.86 9.43 0.05 3.85
6 5.66 28.29 1.89 0.10 3.74
7 9.43 9.43 9.43 0.10 5.12
8 9.43 18.86 1.89 0.15  4.58
9 9.43 28.29 5.66 0.05 3.82
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Fig.7 Variance of springback with the amount
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Fig.6 Variance of the amount of springback

varies with the amount of pretension
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Fig.8 Variance of the amount of springback with the

amount of supplementary stretch
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