=5 ilH 3 1k

Acta Materiae Compositae Sinica

BBV R B R AU R R R AL

&b T

Mechanical properties and damage mechanisms of novel variable stiffness laminates
CAO Zhongliang, DING Xiaoxiao

TEZR B2 View online: https:/doi.org/10.13801/j.cnki.fhelxb.20240008.001

LT RIS HA SO

Articles you may be interested in

T A SR 8 = B S WL A2 5 bR Z SoA U T
Buckling performance of high—precision variable stiffness composites laminate based on automatic placement technology

A MR 2020, 37(11): 2807-2815  https://doi.org/10.13801/j.cnki.fhelxh.20200218.001
AR A AR A T S BB AL B 5 50 e

Numerical simulation and experiment validation of variable stiffness composite laminates with open holes under

unidirectional tension

HAEMBIAAR. 2018, 35(3): 599-606  hitps://doi.org/10.13801/j.cnki.fhelxb.20170612.003
A PO JRE B 2T 24 B SRS IR A2 3 A AR B8 A5 1) R 052 -5 B SR AT L

Axial crushing response and failure mechanism of variable stiffness carbon fiber/epoxy resin composite thin—walled tube

AR 2021, 38(11): 3586-3600  hitps://doi.org/10.13801/j.cnki.fhelxb.20210126.002
il e VR AR BAR S Ty 2 A e

Dynamic response and damage performance analysis for composite laminate under the act of lightning impact force

SEARRIEAR. 2018, 35(6): 1481-1489  https://doi.org/10.13801/).cnki.fhelxb.20170727.004
E LT AR SURIE R A RHZ SR A3 50 T

Damage analysis for composite laminate with fiber waviness

B AR, 2019, 36(2): 330-336  https://doi.org/10.13801/j.cnki.thelxb.20180504.001

im0 R OB LT YRR YR R R A AORHZ ARSI R RE S AR AL
Ballistic performance of ultrahigh molecular weight polyethylene fiber/waterborne polyurethane composite laminate

against mild—steel core projectile and its damage mechanism

FARRIZER. 2021, 38(5): 1455-1467  https://doi.org/10.13801/j.cnki.fhelxh.20200722.003



https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20240008.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20200218.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20170612.003
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20210126.002
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20170727.004
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20180504.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20200722.003

FIREMBEARAS, FREZHINGEE



§é$j*4$*ﬁ FH4E B0 10H 2024 F

Acta Materiae Compositae Sinica Vol.41  No.10  Oct 2024

DOI: 10. 13801/j. cnki. fhelxb. 20240008. 001

BTN EEERNZ5E R B G

¢EE,THRA

(TTHBTHBE IR TRB, 3 213001)
#OE.JENHATHEAR . s S & A RZE G AR S BRI AR TE A AR SR T AR M
TPk, Affde LR, R A2 AR R R G, X7 H 7 22 R0k RSB TS . 15,
FELR AR 1 R A L, B — R AR AR G pR B, DRI A MR AT Bl R A, S
S AN FIURS 6 0 £F Bl AR 4k . HR, 3833 Python/Abaqus BE -G 44 B RIAS K B 2 & B R JTHER , s
AT ERE R AR = AU T R EAALE, R TR RS 4R RO X 2 A R T 2E R L R T 43 A R
BilE DL RE R . BF IR 45 SRR . = 5 T T o R B n) £ 2 il M BB PAE B R, 0o A R REHE T
90° M| T PERE T s 76 HPO AR LRI f Oy 5o 3Rt L, SR AR F BT T LU A B i — 2 R,
ISR AR NN 15040, [RIBT i — 20 3R e MR B 7, S RAR TR B R 28.31% ., AWFSE N G258 &k
EAR BTSRRI T E A B iR, BR - SR L,
KR . SAMEUE SR ABRIEE; mhZmin; it RetE ;s SipLg
FE 425 TB332 XERFRER: A XEHS: 1000-3851(2024)10-5687-13

Mechanical properties and damage mechanisms of novel variable stiffness laminates

CAO Zhongliang , DING Xiaoxiao
(School of Mechanical Engineering, Jiangsu University of Technology, Changzhou 213001, China)

Abstract: Laminated composite panels, widely employed in aerospace, aviation and transportation, face
challenges in terms of load-bearing capacity and stability in practical applications. To address these issues, this
study adopts an automated variable stiffness layup approach and investigates the mechanical properties and
failure mechanisms of the resulting laminated composite panels. Firstly, a novel periodic linear extrapolation
algorithm was proposed based on a linear variable angle function to optimize the fiber placement paths, achieving
more detailed and precise variations in fiber trajectories. Subsequently, a finite element model for the new variable
stiffness laminated panel was constructed using Python/Abaqus. Finally, the damage mechanisms under three-
point bending for both constant and variable stiffness laminated panels were analyzed, revealing the impact of
different fiber orientation angles on the mechanical properties, stress distribution and damage scenarios. The
research findings indicate that the orientation angle of the central fiber significantly influences bending
performance under three-point conditions, with 0° favoring performance enhancement and 90° leading to a decline
in performance. Compared to the baseline with a central fiber orientation angle of 5°, employing a variable angle
design effectively suppresses further extension of bending damage, ensures a uniform stress distribution within the
laminated panel, and further enhances the ultimate bending stress, with a maximum improvement of 28.31%. This
study provides crucial insights and a systematic approach for the subsequent design and optimization of

laminated composite panels, contributing to advancements in bending resistance design for composite materials.
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a—Length of laminate; Ty— Starting angle of curved fiber; T, —Termination angle of curved fiber; —The angle between the tangent line at a certain point
on the fiber and the x-axis; p—Deflection angle of the reference coordinate system
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Fig.1 Composite fiber placement: (a) Automatic fiber placement technology; (b) Fiber placement reference path
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Table1 Algorithm validity verification

Bucklingload/kN  Error/%

This paper 94.644 -
Average experimental result’”  97.9 3.326
Average experimental result’®  98.3 3.719
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Table 2 Composite laminate material parameters

Lamina constants

Constitutive damage model parameters of lamina

E,,/MPa 463 Longitudinal tensile strength/MPa Xr 2080
E,,/MPa 700 Longitudinal compressive strength/MPa Xc 1250
E33/MPa 700 Transverse tensile strength/MPa Yr 60
Go/MPa 4800 Transverse compressive strength/MPa Y 140
G3/MPa 4 800 Longitudinal shear strength/MPa S 60
G,y3/MPa 3800 Transverse shear strength/MPa Sr 140
V12 0.33 Longitudinal tensile fracture energy/(mJ-mm™) Gxr 133
Vi3 0.33 Longitudinal compressive fracture energy/(mJ-mm™) Gxc 40
Vag 0.3 Transverse tensile fracture energy/(mJ-mm™) Gyr 0.6
Transverse compressive fracture energy/(mJ-mm) Gyc 2.1

Notes: E,}, E,y, Ez3—Stiffness; Gy,, Gy3, G,3—Shear modulus; v,,, v,3, v,3—Poisson's ratio.

*3 BAMHEAR

Table 3 Composite laminate laying methods

Type of laminate

Layer representation method

The constant stiffness

[0°]g

The variable stiffness

T, remains unchanged

T, remains unchanged

[0°/90°], [90°]

1+0<10°/5°>, 1+0<20°|5°>, 1+0<30°|5°>, 1+0<40°(5°>,
1+0<50°|5°>, 1+0<60°|5°>, 1+0<70°|5°>, 1+0<80°|5°>,
1+0<5°|10°>, 1+0<5°|20°>, 1+0<5°|30°>, 1+0<5°|40°>,
1+0<5°|50°>, 1+0<5°|60°>, 1+0<5°|70°>, 1+0<5°|80°>,
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Fig. 10 Comparison of fiber trajectories at different starting and
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