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Why thin- ply composites?

S

= High Versatility
= Tailored design

= Superior strength to weight ratio
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What's new... VX
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The difference o
Ply thickness = 100 um
Matr%nated
and Y
Fiber dominated
Options
Int inar Decreasing ply thickness
a An Equivalent Single Layer (ESL)
Intrdlaminar

approach seems fit.

Ply thickness < 100 um
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The problem
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A simple problem: Open Hole Tension

“(\lfcmd23
‘ BELFAsy
N <

T

Elastic

Proper representation of the
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M ‘ = Macro-mechanical homogenization
B General Aniso effects. ([A]=[D], [B]=0)
w IR = CLPT or other continuum approaches
\ 3 U"W crack path can represent the material with a
- homogenized compliance matrix
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Phase Field (PF) model
PR W - Fracture
l l W How can directional
toughness be defined ?
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It is @ method relies on the total potential energy minimization linked to the variational T
expression of Griffith’s energy balance.

U, = g((p) j %ngdv The PF variable acts like a damage
%

/’ variable:
¢ = 0 undamaged state

Ur = jFchI" ~ fvgcy(fp,Wp)dV ¢@ = 1 damaged state
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crack surface density function
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Governing equations:

Uf =fGCdF
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Vo=0 inV
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v-(av(p)—a(p_o in S

Evolution equation
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Incorporating Fracture Energy Anisotropy ,Q’ﬁ
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The crack surface density function: ,,"J
/e;gth scale Inverse toughness, G.(8)~1, plot:
1 [ Point defining
_—|.2_2° AL 90
V(e Vo) =— (fp S Ve A Vw)) e | o crack path angle
structural tensor o
A=1+a,a,Qa, + a,a,Qa, 150 ne o
\ /\ ) 0.4 )
scaling constants 0.2
\
The new toughness: < 0 =L
: ] Maximum energy
effective length scale Angle of crack with r?sp e.ct - - . release rate (MERR)
to the preferred a4 direction .
L criterion
210 330
* = I(1 + ay sin?(0) + a; cos?(H))
240 300 al - 1
270 a, =10
" q, =100
G.(6) = gc\/l + a; sin?(6) + a, cos?(0) a, =0

—

2 NewFrac g

Training Neftwork
raung o Teichtmeister et al. (2017) PORTO

FEUP FACULDADE DE ENGENHARIA

31/07/2023 ICCM23 6 UNIVERSIDADE DO PORTO




CCM 23

[ ] \’

The “proper” scaling constants 7
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If the path is unknown or a predefined link to a direction exists, then the toughness distribution will T
produce the crack angle as an output...

Inverse toughness:
90

120 60 G.(0) = geJ1 + a, sin2(8) + a, cos?(H)

150 P1 30
L Known Points P1, P2

180
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Gc(907)\’ G.(09)*
a,=———| -1 ay= -1
210 330 9 9c

240 300
270
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Application to off-axis tests

>

ICCM 23

Experimental results from Furtado et al. (2021) for the off-axis OHT of a
hard thin-ply laminate of lay-up: [45/-45/0/45/-45/90/0/45/-45/90/0]

E.(GPa)  E,(GPa) G, (GPa) vy, G2 (N/mm)
Lamina 146.6 8.7 4.6 0.34 67
Laminate 54.0 48.3 4.6 0.39 19.7

Max error 4.8%

& Exp. O Num
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Mitrou et al. (2023)

Q

400
Scaling constants: ¢, — —09171, a,= —0.9399
360
Exp. Av. FEA Prediction Error (%)
On-axis (0°) 333.00 319.98 4.07 § 320 I
30° 334.00 318.62 4.83 =
60° 301.00 315.20 -4.51
90° 302.00 305.87 -1.27 280
Values of strength in MPa
240
0
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https://www.sciencedirect.com/science/article/pii/S0263822320329871

But... X

The accurate predictability for the off-axis MD OHT ‘\“ /4
seems be linked to the weak level of anisotropy the plate '
has: What is to be expected in

strongly anisotropic plates?

90

120 60 I
| e.g., the cross-ply...
150 30
I 90
I There is a
0 . I discrepancy in
[ most angles
|
I
210 330
|
240 300 I
PF = 270 I
VCCT =

Assuming the SERR distribution is a
valid indicator of a fracture toughness
distribution
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Testing for validation...
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The soft one
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Experimental results for the off-axis OHT of a “soft” thin-ply laminate of
lay-up: [90/+45/90/ + 45/90/0],, for T800-736LT from NTPT

E, (GPa) E, (GPa) G,y (GPa) Vs G%° (N/mm)
Lamina 143.8 7.85 4.6 0.38 171

Scaling constants: ¢, — —0.9657, a, = —0.8382 900
800 o
Exp. Av. FEA Prediction Error (%) R
On-axis (0°) 635.89 634.51 -0.22 S 5
15° 655.56 645.45 -1.54 =
45° 738.75 698.745 -5.42 C 8
60° 797.51 741.7 -7.00 600
Values of strength in MPa ¢ Exp. O Num
500
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The H30 ~X
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Experimental results for the off-axis OHT of a “hard” thin-ply laminate of
lay-up: [90/+30/0/90/ + 30], for T8BO0-736LT from NTPT

E, (GPa) E, (GPa) Gy (GPa) Vyy G%° (N/mm)

Lamina 143.8 7.85 4.6 0.38 171
Scaling constants: o, — —0.8332, a,= —0.9330 1100
C
Exp. Av. FEA Prediction Error (%) § 700
= O
On-axis (0°) 944.52 943.065 -0.15 S o ©
15° 950.82 923.38 -2.89 200 o
45° 787.13 831.995 5.70
60° 721.61 805.18 11.58
. <& EXp. O Num
Values of strength in MPa c00
0 20 40 60 80
Angle (°)
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The rest... 17\
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In fact, things get a bit more complicated... ‘1
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The rest... 1\
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Conclusions & Now What(s)? .
. ‘Qmm)

’lll

Conclusions

= A PF ESL approach can be used to successfully predict off-axis notched strengths of MD
thin-ply laminates residing in the weakly anisotropic range.

= There is a clear dependence of the overall behavior of MD thin-ply laminates to the level
of anisotropy they exhibit

as for what follows...

= Continue exploring and developing methods and tools....
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For listening up to here...
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Directional Toughness

A

The toughness of a MD laminate can be determined by using as an input

Camanho and Catalanotti (2011):

= Lay-up of the laminate
= Toughness of the 0° ply

o
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X crack at 90°

y

o RS at 0°
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number of balanced sub-laminates

Scaling constants:

2 2
Xk\ Vk
a=E°E ., —]1 — | —1
' (eq 0°< kXo) Ek)

Essentially the Lay-up definition is changes to
reflect a 90° rotation of the plies
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https://www.sciencedirect.com/science/article/pii/S0013794411002372

VCCT technique for ERR distribution ,(*)
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| |
| |
| _ , |
I Run the model until a certain u I
I is reached and record the ERR11 I
I and ERR12 components. I
| |
| |
l Loop for all possible l

angles 6 of the material system “ Top region
I “ Bottom region

Given a known G.(0°) it scales the
respective ERR11 value to obtain the
G.(0) distribution
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