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Fiber-reinforced plastics (FRP) [Ipf]

Multi-axial vs. variable-axial

Composite design 1.0 Composite design 2.0
multi-axial variable-axial
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Fiber-reinforced plastics (FRP)
Variable-axial FRP by Tailored Fiber Placement (TFP)

Composite design 2.0
variable-axial
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Fiber-reinforced plastics (FRP) [Ipf]
Variable-axial FRP by Tailored Fiber Placement (TFP)

Composite design 2.0
variable-axial
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t = f(s)




Variable-axial composites made by Tailored Fiber Placement [Ipf]

From basic research to industrial deployment
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How to design variable-axial composite structures? [Ipf]
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Analysis and optimization of bolted joints made by [Ipf]
variable-axial laminates sVl vk

t (thickness)

What in-plane fiber orientation strategy shows

advantageous mechanical performance?

* Calibration of progressive damage simulation for
structural optimization by experimental research

* No consideration of out-of-plane reinforcements

Dimensions of specimen
R;=25mm, R, =7,5 mm,
L=170mm, t=5 mm




Bolted joints with tailored fiber orientation in literature
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Figure 5 Patterns for TFP reinforcement of test components
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Fig. 16. Dominant or X-direction load paths for an isotropic material

Fig. 21. Hybrid combination of anisotropic load path and tensilje principal

stress trajectories.
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Fig. 9. Reduction of fibre over stacking: (a) FEA pattern; (b) modified pattern.
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Bolted joints with
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Figure 9. Test curves for 90 mm wide baseline specimens.
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Figure 11. Test curves for 70mm wide steered fiber specimens.
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Figure 12. Test curves for 60mm wide steered fiber specimens.
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Figure 13. Test curves for 50mm wide stesred fibor spacimens.

ailored fib

Available online at www.sciencedirect.com

"+, ScienceDirect

er orientation in literature

2006

COMPOSITE
STRUCTURES

www.elsevier.com/locate/compstruct

Composite Structures 76 (2006) 260-271

Improvement of bearing strength of laminated composites ™

A. Crosky %, D. Kelly ®*. R. Li ®, X. Legrand ¢, N. Huong *, R. Ujjin ©

* School of Materials Science and Engineering, University of New South Wales, Sydney, NSW 2052, Australia
® School of Mechanical and Manufacturing Engineering, University of New South Waes, Sydney, NSW 2052, Australia
© Ecole Nationale des Arts et Industrie Texles, Laboratoire GEMTEX, 9 rue de [ Ermitage ~ BP 30329, 59100 Roubaiv, France

X
Widh 90

X
Wil =70

o 100 200

X
Wil 60

0 100 200
X
Wil =30 my

Fig. 15, Dominant oad path tgjetoris (hol diameter — 20 m .

Available online | August 2006

Single side steered

fiber fabric \
@a

fiber fabric

Single side steered
fiber fabric

Fig. 7. Typical layup of steered fibre samples.

0@
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Fig. 9. Reduction of fibre over stacking: (4) FEA pattern and (b) modified pattern.
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Bolted joints with tailored fiber orientation

Steps for optimizing design process

VA patter design based on
isotropic calculations

Experimental evaluation
and model calibration

Load Path (LP) Principal Stress (PS)
Design Design
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Optimization of
VA pattern design
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VA pattern design based on isotropic calculations [Ipf]
Principal Stress (PS) Design
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VA pattern design based on isotropic calculations

Load Path (LP) Design [1]

7/<////// /7 7/<///7//4

AN
NV

11

/////

TN

\

Calculation of
Load Path directions

y

E D Ostructure

Continuous
CNC path
for TFP

>

=g

EDOpath (]

[1] Kelly, D. & Elsley, M. A Procedure for Determining Load Paths in Elastic Continua Engineering Computation (1995), 12, 415-424




Experimental evaluation and model calibration [Ipf]

Manufacturing of specimen
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Experimental evaluation and model calibration [Ipf]

Manufacturing of specimen
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Experimental evaluation and model calibration [Ipf]

Specimen specification and experimental setup [2]

Test setup

* Instron 8088 with
hydraulic clamping

e 250 kN load cell

* Preload: 50 N

* Test speed 1 mm/min

* Number of specimens: 6

Ql
- m=74g |
~ (base line) 3

[0/90/£45],s [LP/£45],s [PS2/PS1/%45],

(base material only)

Variable-axial specimens are about 22 % lighter than Ql type
14

[2] Selvaraj, K. & Spickenheuer, A. et. al. Bolted joints made of carbon fiber reinforced plastics using the tailored fiber placement technology:
numerical and experimental failured analysis. In: Aachen Dresden International Textile Conference (2012) Dresden, ISBN 1867-6405



Experimental evaluation and model calibration

Results: Tensile test force-displacement diagram
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Experimental evaluation and model calibration

Results: Tensile test force-displacement diagram
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Experimental evaluation and model calibration [Ipf]

Results: Quasi-plastic deformation energy
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Experimental evaluation and model calibration

Results: Quasi-plastic deformation energy
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Model calibration

FE-modelling and material parameters Numerical material parameters (¢ = 55 %)
| y/ Fiber, Matrix Composite
E,+= 238,000 Mpa = 1,409 Mpa
PS2 layer I1f G ©lle &
EJ_’f = 16,000 MPa O,c= -7,40 MPa
GJ_’f= 50,000 MPa O t= 80 MPa
V1= 0.27 O™ -140 MPa
Emy =3,150 MPa TJ_||=TJ_|_=69 MPa
PS1 |ayer GM = 1,150 MPa
HEH Vm = 0.37
Base
material
layer
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Model calibration

ipf|

Progressive damage simulation with parameter identification by FEMU

HASHIN Failure Criterion [3]
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Progressive damage modelling [3] \
Cu C C 0 0 0 B
(1 —df) 12 13
Gy, Co Cy 0 0 0
(1-4d,) ;
C C b 0 0 0
31 32
D= (1 _dm)
- Cun
0 0 0 0 0
(1 _ds)
0 0 0 0 Css 0
(1 _ds)
0 0 0 0 0 Cos
(l _ds)
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[3] Ansys 2022 R1 Documentation



Model calibration [Ipf]

Progressive damage simulation with parameter identification by FEMU

Stiffness degradation parameters [4] P = {dft dic  dyy dmc}

PS Design — Comparison exp. vs. num. results
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[4] Almeida Jr. et al. Computers & Structures 276 (2023). doi: 10.1016/j.compstruc.2022.106939



Conclusion and Outlook

Bolt joint loaded composites with a

variable-axial fiber design shows improved

guasi-plastic behavior compared to Q|
multi-axial laminate.

* Optimality based PS design shows higher mass

energy absorption than LP design

* By help of experimental tests a progressive
damage modelling setup was identified

Optimization of variable-axial fiber patterns

by using, e.g., DFPO [5]

* Optimizing for maximal mass-specific loads

* Optimizing for even higher energy absorption

22
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[5] Bittrich, L. & Spickenheuer, A. et. al. Optimizing variable-axial fiber-reinforced composite laminates: The direct fiber path optimization concept, Mathematical Problems in Engineering (2019). ID 8260563
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