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> Issues with the test pyramid

How to handle composites?

Full scale

What about composite lay -ups?
What about environment?

h,  Detail How long does all of this take?
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> Typical Product Life Cycle Approach

Concept
(« NPV Assumptions ) Development (o Fatigue lifing / )

. i durabilit
Requirements e Linear FEA " « Replacement rate
* Ideas _ _ | * Functional _
« Hand calcs * Generic design curves Assessments * Repair rate
« “Should cost” * LCC/LCA
* Disposal

N\ Concept PR Dctailing and
Generation Release

Dengn SpaCe

Cost of change
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> D- STANDART Value Chai

(*NPV Assumptions

* Requirements
e ldeas
*Hand calcs

\

Wl Concept

Generation

eLinear FEA

* Generic design curves
« Fatiguelifing / durability
*LCC/LCA

”/\
Concept
@ Development

4 )

« Functional Assessments
*“Should cost”

* Disposal/Circularity
- J

N

D@Sign SpaCe

* Watch the cash roll in!

Wl Detailing and
Release

Cost of changé
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> Issues with the test pyramid
The D-STANDART Answer

Full scale

What about composite lay -ups?
) Understand effect of fibre
orientation
What about environment?
) Understand combined effect

How long does all of this take?
D Test faster
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High Frequency Testing (HFT)

Chapter 2 _ o
Innovation and Standardization

1) Derive a fatigue damage onset law
From raw data to fatigue law

Onset fatigus master cure @ 25°C

MNormalized Phase

2) Demonstrate the effect of selieating

Fatigue anset data IM738552 with cut-ply

1.50E-08
3) Demonstrate and validate the technology
. S Fatigue law of the aero scor A
i ( ‘ 1.00E-04 demonStrator .?_‘_‘__.___‘t_‘?_: TTTTT 3 j'"'_: .- e
_ 1_._,,"' r“:.mmUDUHUﬂ - " PSP W FSRNRCTEL
E — o -0 20 -10 1] . 10 20 4.50 4F] a0 ] K]
'D% __,.-6 Environmental Ternperature [degrees C)
kS | ! ;"' i s 15y #10g
The environmental temperature can
S e T mitigate the effect of self heating
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Chapter 2

XCTE Spin -Off
Journey & Next Steps

PAST

Method
Developed

Lab Validation

Technology
Recognized

NOW

Business Model
Shaping

IP Strategy
Pilot Talks

NEXT

Company
Launch

Starting Pilot
Projects

Customer
Expansion

FUTURE VISION

Simulation
Integration

Industry
Adoption

Global
Customer Base
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Chapter 3 Methodology

/ Multidirectional layups:

0//0 =5

0//45 XIS
] )

( )
0® OOO)

\()//90 = ) /

\

New application of existing standards

r
!
|

fl
[

Loading complexity:
/[ Mixed mode: Mode II: \

Based on ASTM / 1SO
guaststatic standay
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® 0/0-2.34mm
Mode | ] 0//0 - 4.98 mm
3 0//0 - 6.34 mm
0//0 - 16.0 mm
0//0 - 20.0 mm
= 0/45-2.5mm
0//45 - 5.5 mm
= 0//45 - 16.79 mm
0//45 - 20 mm
A 0/90-2.1mm
0//90 - 4.5 mm
0//90 - 18.6 mm
5 0//90 - 20 mm
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da/dN [m/cycle]
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Increased fatigue resistance

10°®

|
100

| 2(I)OI
G e [N/M]

>ERPpPpOEEROCOO®

0//0 - 2.34 mm
0//0 - 4.98 mm
0//0 - 6.34 mm
0//0 - 16.0 mm
0//0 - 20.0 mm
0//45 - 2.5 mm
0//45 - 5.5 mm
0//45 - 16.79 mm
0//45 - 20 mm
0//90 - 2.1 mm
0//90 - 4.5 mm
0//90 - 18.6 mm
0//90 - 20 mm

b) 0//45
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Mode |

Oscillation/migration gives more fibre bridging

a) 0//0

0//90

l_-_.l_“]%] ST et |

T

b) 0//45

G i ___‘7 AT

10pm  JEOL 3/3/2025

10pm JEOL 3/3/2025
5.0kv LEI SEM WD 17.4mm 13:50:31

SEM WD 15.0mm 11:02:00

Crack growth direction
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' 50% mode |, 50% mode II
Mixed mode b mode b mode

t::, J bf'fo' IR R R R AR AR R A A RA AR R AR LR R LERTLALLT LALLLLY

10°4 = 0//45

A 0//90 dariig ;

10" 4 : ; E 5

: : ] D .'

Which interface is >

conservative depends 510-6— ]
on loading mode! 2
©

107 - 4
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ANG [N/m]
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Chapter3> What about mode 1?

Check out the poster!

Coming soon* to a journal near you

*depending on reviews
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Fibre Orientation Effect on Fatigue Delamination

F.M. Monticell, D. Blaginl, Y. Mosleh, J.A. Pascoe

Fatigue delamination in real composite structures develops in
interfaces with differant fibre orientations and under mixed keading.
Yet, most design data still come from unidirectional interfaces.
Predicting the behaviour of arbitrary lay-ups therefore reguires a
better understanding of the fibre orientation infieence.

How does fibre ord ion modify fatigue delaminati

mechanisms such as bridging and migration? -5

Can &ny interfaci re orientation be considered universally 5 II)
conservative for fatigue delamination across different loading =
mades?

Delaminau’on interface

L [ P—
—

M——--—

:a:ﬁ

Mode I: Off-axis interfaces increase crack Dorma:rty and pramote fibre
bridging, resulting in enh: d fatigue delamil

Mode Il: Multi-orientad intarfaces trigger migration: under fatigue loading,
crack growth rapidly stabilises along the minimum-2nergy path adjacent to
the 0° fibres.

Mixed de: Behavi = s that of mode 11, but with a higher
density of shﬂar related surface malkmgs The =lope of the Paris curves
shows a strong dependence on fibre orientation.

Mo single interfacial fibre orientation can be considered universally
conservative across all loading modes.

OVER MORE
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Chapter 4

> Methodology

2.0 - S ;
90°C Relative  Average moisture
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10

1" Dry(0.00 wt%) at 22°C/50% RH =
Jm— (da/dN) = 6.22 x 104° (ANG)"653
{  Dry (0.00 wt%) at -40°C
Results 10 4 (daraN) = 8.77 x 109 (aNG)1%2 4"
Chapter 4 _ 1 '
Change of Paris Curves T
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Results

Chapter 4 _
Combined Effect
Cold/Wet H ot/Wet
10-4 EH bR R Er AR Rl Rt BHR i b bt 10-4 E LELE i | id i ] ]
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Fractographic analysis

RESULTS

Chapter 4 )

(80°C)
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Chapter 4

> Empirical Model
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Simulation (da/dN) = 1.18 x 1050 (ANG)2169
] = Simulation (da/dN) = 3.29 x 10 (AVG)?6&
| == simulation (da/dN) = 5.23 x 104 (ANG)""-1®
1 = Simulation (da/dN) = 2.83 x 1035 (ANG)™405

| = simulation (da/dN) = 1.01 x 108 (A1G)™332
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Chapter 5

Conclusions
How far did we get

Full scale

What about composite lay -ups?

) Characterisation of fibre
orientation; worst case depends
on loading mode

What about environment?
> Empirical model; importance of
combined effect

How long does all of this take?

) High frequency screening
method, test in hours instead of
days

S-stendart

25




TS w NEWS

9/—‘516 ﬂda I‘T‘ ABOUT CONSORTIUM + METHODS AND TOOLS

Want to know more?

Chapter 5
Read our results and use our data!

PUBLICATIONS
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Thank you!

Contact points

for any question:

FOLLOW US ON:

d- standart.eu

Presenter

) John-Alan PASCOE (TUD)
) Email: j.a.pascoe@tudelft.nl
D Phone: +31 15 27 86604

Coordinator

) Marco NAWIIN (NLR)
) Email: Marco.Nawijn@nlr.nl
D Phone: +31 88 511 44 86

Project Management Officer

) Mathieu LIONS (LUP)

) Email: mathieu.lions@I -up.com

D Phone: +337 832819 82

Communication Officer

) Peggy FAVIER (LUP)
) Email: peqgqy.favier@I-up.com
) Phone: +336 7564 10 78
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