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Finite element simulation and experiment of surface roughness
evolution for Al6061 sheet under different strain routes

XU Wus-jiao, LONG Jiang, ZHANG Lei, CHEN Chen

(College of Material Science and Engineering, Chongqing University, Chongqing 400044, China)

Abstract: The optimum crystal model size established method for surface roughness simulation was presented based on
data statistic analysis. The influences of grain size and textures of Al6061 alloy on surface roughness evolution were
discussed under different strain routes. The results indicate that the surface roughness after plastic deformation increases
with the increase of the grain size under different strain routes. The textures with small Taylor factor have better
deformation coordination, which will be beneficial to reduce the surface roughness. Under the same deformation
condition, the models with the same Taylor factor and different the shear tendencies present different surface
morphologies. And the larger shear tendency difference is, the worse the surface obtained after plastic deformation will be.
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Table 1 Material parameters

. Initial
Crystal Sli Elastic constant/MPa Strain rate Shear strain harI(lilei‘?in Initial shear Saturated
Ty p sensitivity, rate, £ stress, shear stress,
structure system . modulus,
Cl1 Cl12 C44 m 7o H./MPa 7/MPa 7/MPa
0
FCC {111}(110) 108200 61300 25800 0.05 1 30.41 23.5 55.8
ND
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Fig. 1 Schematic diagram of finite element model: (a) Typical

sections of sheet; (b) Randomly generated 2D Voronoi model
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Table 2 Relationship between strain ratio and strain route

Strain ratio, p Strain route
0 Plane strain tension
0 Plane strain compression
-1.0 In-plane pure shear
-0.5 Uniaxial tension
1.0 Biaxial tension
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Fig. 2 Variance of model surface roughness(R,) and

st-deviation with model length (average grain size 70 pm)
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Fig. 3 Relationships among model length(L), grain size(d)

and average surface roughness(R,)
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Fig. 5 Effect of grain size on surface roughness under different strain routes: (a) Biaxial tension; (b) In-plane pure shear; (c) Plane

strain tension; (d) Plane strain compression
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Table 3 Taylor factor for different textures along RD

Texture type Taylor factor
Brass 3.17
Goss 2.45
Random 3.07
S 3.33
Cube 2.45
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Fig. 7 U2 displacement contours of S texture under different strain routes: (a) Uniaxial tension; (b) Biaxial tension; (c) Plane strain

tension; (d) In-plane pure shear; (¢) Plane strain compression
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Fig. 8 Effect of texture type on surface roughening under different strain routes: (a) Biaxial tension; (b) In-plane pure shear; (c)

Plane strain tension; (d) Plane strain compression
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Fig. 15 {111}, {200}, {220} pole figures of samples: (a) Sample 1; (b) Sample 2
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