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Tsai's modulus and Double-Double design in hybrid laminates

RUAN Chenlong, GONG Bowen , WANG Huan', PENG Huaxin
(School of Materials Science and Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: Traditional laminates are usually made up of plies with 0°, 45°, -45°, and 90° (Quad). However, the Quad
layup has limited design space for stiffness, and the excessive arrangement sequence makes ply optimization and
thickness reduction design exceptionally difficult. The Double-Double (DD) laminate, based on the invariance of
the Tsai modulus, provided an alternative method to traditional layup. It held promise for simplifying the design
process of laminate layups and structures. Currently, research for DD laminates primarily focused on the single car-
bon fiber types, while further research is needed for hybrid laminate configurations. To extend the design of DD
laminates to hybrid conditions, the normalized stiffness and equivalent replacement for hybrid DD laminates were
investigated based on the invariance of the Tsai modulus. Experimental verification confirmed the feasibility of ply
replacement for hybrid DD laminates and their advantages in thickness reduction design. The results indicated that
the normalized stiffness of hybrid DD laminates followed the hybrid law with respect to the Tsai modulus hybrid
proportion p’. The layup parameters V and allowable range for equivalent replacement of hybrid DD laminates were

influenced by the hybrid proportion and fiber types. A hybrid DD layup strategy with higher homogeneity can be
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achieved through a repeated configuration [+®,/- W /+W¥ /-®], (tension-bending consistency) or a symmetric

configuration or [+®,/+ ¥ |s (no coupling effect). Tensile experimental results for the equivalent layup of hybrid

carbon fiber/glass fiber quasi-isotropic laminates indicated that hybrid DD laminates and their reduced-thickness

configurations could achieve equivalent tensile stiffness substitution (error<3%), while tensile strength was influ-

enced by specific configurations and failure modes (error ranging from -15.2% to +2.1%). This demonstrates the

feasibility of equivalent ply substitution for hybrid DD laminates and provides a new approach for the design of hy-

brid laminates.

Keywords: Double-Double; Tsai modulus; hybrid composites; laminates; tensile performance
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Table1 Material properties of two used prepregs

Material USNO03000 G15000
property (T300/epoxy) (S-glass/epoxy)
Ply thickness ¢ 0.030 mm 0.125 mm
Fiber volume fraction V;/% 40 50
Longitudinal modulus E,/GPa 95.5 46.4
Transverse modulus E,/GPa 5.2 14.3

Shear modulus G,,/GPa 2.6 4.9

Poisson's ratio y,, 0.3 0.3

Tensile strength X,/MPa 1538 1494
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Fig.3 Hybrid Quad laminate and equivalent hybrid DD laminate
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Table 2 Layup of comparative experiment

Layup Thickness/ Normalized stiffness
mm (91,05, 0]

[0°4/90°,/45°,/45°/

0°./90°./45°./45°]s 1.24 [0.373,0.373,0.127]

([ng/QIc]S)

[£27°4/£75° ]s 1.24 [0.373,0.373,0.127]

[£63°/£15° ] 1.24 [0.373,0.373,0.127]

[#27°,/£75° ] 0.62 [0.373,0.373,0.127]

[+63°,/+15° ] 0.62 [0.373,0.373,0.127]
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Fig.5 Tensile representative stress-strain response of hybrid QI
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Table 3 Stiffness and tensile strength of hybrid QI laminates
and equivalent hybrid DD laminates

Layup Stiffness/GPa CV/% Strength/MPa CV/%
[ng/QIc]s 28.2 1.3 415.8 3.6
[£27°,/+75°]ps  29.0 3.0 4243 2.4
[£63°5/+15° )5 27.7 26 3523 5.1
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Fig. 6 Failure morphologies of tensile specimens of hybrid QI laminates
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Fig.7 Tensile representative stress-strain response of thinning equivalent hybrid DD laminates
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Table 4 Stiffness and tensile strength of thinning equivalent

hybrid DD laminates
Layup Stiffness/GPa CV/% Strength/MPa CV/%
[£27°/+75°Jos 29.0 3.0 4243 2.4
[£27°,/275°]s 287 1.8 367.2 4.2
[£63°/£15° |5 27.7 26 3523 5.1
[163°g/115°c]5 273 2.2 344.9 4.8
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Fig. 8 Failure morphologies of thinning equivalent hybrid DD laminates
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