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Optimization design of extension-shear coupled laminates and

application in extension-twist coupled structure

LI Jin, TANG Guojin
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; Focusing on the deficiencies of standard-form laminate with extension-shear coupling, such as weak extension-shear coupling, the

design method for free-form laminate with extension-shear coupling using the method of optimization design was proposed. Necessary and sufficient

material-independent conditions were derived for extension-shear coupled laminates. The stacking sequences of 7-ply to 14-ply free-form laminates

with extension-shear coupling were derived. Comparisons were made on buckling strength and robustness of extension-shear coupled laminates. The

free-form laminate with extension-shear coupling was used to design structure with extension-twist coupling. Compared to the standard-form

laminate, the free-form laminate with extension-shear coupling is worse in buckling strength and robustness, while it” s stronger in coupling. The

results also indicate that with an increase in the number of plies, the maximum extension-shear coupling flexibility coefficient of the free-form

laminate decreases.
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Tab.1 Material properties
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E, =161GPa
AR E, =11.38GPa
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Tab.2 Free-form laminates with extension-shear coupling

I HEMHE ()

[ —85.845 8/80.761/88.489 6/ —34.156 4/
88.489 6/80.761/ —85.845 8]

8 [82.8066/ -74.094 4/ -89.411 2/37.490 4]
[ -86.357/82.828 5/ —88.64/89.430 7/

—33.232/89.430 7/ - 88.64/82.828 5/ —86.357]
[83.856/ —77.228 3/86.922 5/ —89.946 8/

35.691 ],

7

9

10

[82.390 4/ -72.826/85.811 1/89.518 5/
11 38.782 3/36.419 1/38.782 3/89.518 5/85.811 1/
-72.826/82.390 4]
[ -84.941 1/79.268 6/ —86.649 2/ -88.361 9/
89.982 7/ -34.521 5],
[85.787 5/86.643 3/ -73.348 8/ -89.675 9/
13 —87.408 3/37.317 2/34.058 2/37.317 2/ -87.408 3/
-89.675 9/ —73.348 8/86.643 3/85.787 5]

[ —85.8204/80.699 7/ -86.964 5/ -87.972/
-89.139 9/ -90/ -33.784 ]
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Tab.3 Rounding free-form laminates

with extension-shear coupling

=24 R (°) |4 |/ (m+N7")
[ -85.9/80.8/88.5/ -34.2/
3.6343x107°
88.5/80.8/ -85.9]
8 [82.8/-74.1/-89.4/37.5], 2.977 6 x107°

[ -86.4/82.8/ —88.6/89.4/ —33.2/
9 2.718 6 x10°*
89.4/ —88.6/82.8/ —86.4]

[83.9/-77.2/86.9/ -90.0/

10 2. 1x107°
35.7], 568 1 x10

[82.4/-72.8/85.8/89.5/38.8/ ¢
11 2.206 8 x10~
36.4/38.8/89.5/85.8/ -72.8/82.4]

[ -84.9/79.3/ -86.7/ -88.4/90.0/

12 2.204 3 x10°®
_34.5], %

[85.8/86.6/ -73.4/ -89.7/

13 -87.4/37.3/34.1/37.3/-87.4/ 1.9942x107*
-89.7/-73.4/86.6/85.8]
[ -85.8/80.7/ -87.0/ -88.0/

14 1.8854 x10°®
-89.1/-90/ -33.8], X
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Tab.4  Standard-form laminates with extension-shear coupling

5 FEAH () la |/(m-NT)

[45/90/ -45/ -45/ -45/

1 90/ -45/-45/ -45/90/ 7.611 4x107°
-45/90/ —-45/45]
[45/ —45/90/ - 45/90/

2 -45/-45/-45/90/-45/  7.6114x10°°
—-45/ -45/90/45]
[45/ -45/0/ -45/0/ -45/

3 -45/-45/0/ -45/ -45/ 1.3632x107°
-45/0/45]
[45/0/ —-45/ —45/ —45/0/

4 -45/-45/-45/0/-45/0/ 1.3632x10°°

~45/45]
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Fig.2  Simply supported laminated rectangular plate

under uniform uniaxial in-plane compression
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extension-shear coupling
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Fig.4 Deflection of a rectangular laminate
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Fig.5 Histograms of thermal deflection because of layup

errors for 14-ply free-form extension-shear coupled laminate
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Fig.8 Extension-twist coupled deformation
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