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Siffness versus density
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Freedom in reinforcement types

Glass Aramid Steel Carbon
Materials
(0, E Modulus (Gpa) 400
Shape S Particulates Fibres: short long discontinuous continuous
1 Shape factors L/d oo
. Random Knitts Weaves
Architectures - Er———— 1
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Micromechanics
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Continuous fibres

Vin
Matrix (polymer)
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Properties of unidirectional composites

S Glass Kevlar 49 Carbon HR |Carbon HM | Boron

Epoxy Epoxy Epoxy Epoxy Epoxy
Vf 65 % 65 % 65 % 65 % 55 %
Density p 2.04 g/cm® | 1.36 g/lem® | 1.56 g/cm® 1.5 glcm® 1.97 glcm®
EL 56 GPa 86 GPa 145 GPa 270 GPa 220 GPa
Er 16 GPa 5.6 GPa 10 GPa 7 GPa 2.3 GPa
AR 0.26 0.32 0.29 0.3 0.26
GLt 7 GPa 2.5 GPa 5.5 GPa 5.7 GPa 6.9 GPa
o tension 1.75 GPa 1.5 GPa 1.2 GPa 0.95 GPa 1.3 GPa
orrtension 0.04 GPa 0.03 GPa 0.08 GPa 0.035 GPa | 0.065 GPa
oL compression 0.9 GPa 0.28 GPa 1 GPa 0.75 GPa 2.85 GPa
o compression 0.15 GPa 0.14 GPa 0.25 GPa 0.2 GPa 0.03 GPa
YrLT Shear 0.06 GPa 0.05 GPa 0.1 GPa 0.055 GPa 0.06 GPa
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Which stiffness do you need ?

Carbon fibres

Glass fibres
200 80
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Short fibre composites

E= 77 orientationn fiber lengthE f Vf + Em (1 - Vf )

| = do;
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Short fibre composites

Length of fibres

z Orientation of fibres

60
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40 -
Ei 30}
Em
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10 - _ Orienté
0 : ' : Aléatoire
0 1 2 3 4 N =
log (¢/d¢)
L J
“T2 0 T2
2
tanh(34/2 -
E, =E, f{l-%}JrEm A f(9)=(l) 7 X
B ™ 14+ —2Acos(20)
Cox m0d€| where A is the ‘orientation parameter’. For random distribution, A=0, for more
oriented fibres , A takes higher values, 0<A<I.
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| LPE

10 roceuing
Laboratory for Processing

of Advanced Composites

=PL



Halpin-Tsai equations

p:Pm<11+5ﬂVfo> §(Ey) =2
_Z —
4 i &(Grr) =1
P, —-P, )1
X = ~ 2
P +&P Tl



Short fibre composites
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Properties of short fibre composites

Properties at 23°C Zytel® Zytel® 40% short fibres Zytel® 50% short fibres

0 % HR 50% HR 0 % HR 50% HR 0 % HR 50% HR t
Yiel stress oy (MPa) 84 MPa 48 MPa 205 MPa 135 MPa 230 MPa 155 MPa
Failure strain gy (%) 50 % >300 % 3 % 6 % 2% 5% 1
Bending
modulus E 2.7 GPa 0.9 GPa 10.5 GPa 6.5 GPa 23.5 GPa 8.5 GPa -
Is;r;zck (notched) 50 J/m 200 J/m 160 J/m 214 J/m 180 J/m 270 J/m ]
g:::::yreswtance Pas de rupture 60 kJ/m? 65 kJ/m? J—
Density p 1.14 g/cm3 1.45 g/cm3 1.58 g/cm3 -
Melting temperature 245°C 233 °C 233 °C -
Heat distortion
temperature in 65 °C 224 °C -
bending at 1.8 MPa
Water absorption 16 %
24h (immersion) - -
Molding shrinkage 1.3 % 0.18 % 0.16 %

QU PONT:
The miracles of science-
matweb.com
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Other models

» with anisotropic fibres

» for 2D and 3D composites

TMX15 chap.4
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Macromechanics
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Introduction o,

Anisotropic materials % 81 csts

Linear elasticity

o Hooke'slaw
C, C, C; C, Cy Cylle
C, C C, C C,. C € . .
G I | R Stresses and strains are symmetric
Cy Gy Gy Gy Gy Cyg || & y M
Cy C, Cui Cp Cpi Cylley
C, C C C C C €
51 52 53 54 55 56 5 . . 21 CS.'.S
Coy Co Cu Cu Cgs C66_ | €6 | Tensor‘ IS symmeTrlc -
) i
S 0o Material symmetry
C, C, C,, 0 0 0 Monoclinical 13 csts
C(;B COB C(;s CO 8 8 Orthotropy 9 csts
44 . E—
0 0 0 o c. o Transverse isotropy 5 csts
0 0 0 0 0 Cgl Isotropy 2 csts
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Approach used by the engineers

Constants of the engineer

Orthotropic materials under plane stresses
Laminate theory and effective properties
Laminate symmetries and coupling effects

Design maps
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Orthotropic materials under plane stresses
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Importance of fibre orientation

m=cos, n=sin

Q,,=m'Q,,+2m’n*(Q,+2Q,)+n‘Q,,
Q,=Q,=m"n(Q, +Q,,~4Q )+Q,(m"+n")
Q,,=n"'Q, +2m°n*(Q,,+2Q, )+m"'Q,,
Q=m’n(Q,,—Q,,)+mn’(Q,,~Q,,)-2mn(m’—n")Q,
Q,=mn’(Q, —Q,,+m’n(Q,,—Q,,)+2mn(m’-n")Q,
Q=m'n’(Q,;+Q,,—2Q,,—2Q)+m"+n")Q
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Laminate elasticity
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From fibre to structures

E, =EV,+E,(1-V,) p_ P,(+<& 4 V)) Elastic materials

S Matix \E T 1y v, No porosity . .
b —— Fibre Q=) Vuvﬂ) Interfaces with good adhesion
— =m Q11 +2m°n’ (Qp, +20,) +1°0,, of matrix to fibres

Micromechanics r
- le

S | [Q o 7Q, Q. Q| &
G, | le sz o, 7Q, Q, Qllsg

: T Q y T, | 1Q Q Qq || 72
7 Sl * iR mL Orthotropy

Ma%;omechanics A QT -2.) Plane stress

Fibes orientations
A lamina

Good adhesion bewteen plies

Symmetry in stacking
sequence

Coupling effects
Load case

Effective properties
Mechanics of materials
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Symmetric

and balanced laminates

A“ (MN/m)

Laminate Asy (MN/m) G,, (GPa)
[905], 11.09 153.28 2.29
[0/90,], 28.86 135.51 229
[05/904]; 46.64 117.73 2.29
[05/905], 64.41 99.96 2.29
[0,/90,], 82.18 82.18 2.29
[05/90,], 99.96 64.41 2.29
[04/90,], 117.73 46.64 2.29
[0,/90], 135.51 28.86 2.29
[0g], 153.28 11.09 2.29
[£45/90], 20.21 126.85 6.62
[£45/0/905], 37.98 109.08 6.62
[£45/0,/90,]; 55.76 91.31 6.62
[£45/0,/90,], 73.53 73.53 6.62
[£45/0,/90,], 91.31 55.76 6.62
[£45/05/90], 109.08 37.98 6.62
[+45/04], 126.85 20.21 6.62
[£45,/90,]; 29.33 100.43 10.95
[£45,/0/90,], 47.11 82.65 10.95
[£45,/0,/90,]; 64.88 64.88 10.95
[£45,/04/90), 82.65 47.11 10.95
[£45,/0,], 100.43 29.33 10.95
[£45,/90,], 38.45 74.00 1527F
[£45,/0/90], 56.23 56.23 1527F
[£45,/0,], 74.00 38.45 1528 F
[£45,], 47.58 47.58 19.60 F

21
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Effective properties

Symmetric and balanced

N ] [N'] [A, A, o7 ev | |an ap O ]|[N.| |N;
N, [+ N§ =lA, A, O 83 82 =la, a, 0 N, |+ N$
0
ny 0 0 A66 'ng ’ny 0 0 Ag6 ny 0
. . 0
Only mechanical loading | e =a, N, =¢, G, 1 A A, —A2
Uniform strain through the thickness N e, =a,, ho, E = = x =
o = _x e, haj hA,
* h
B . [ V. r ] . . . .
£, — -7 0o, Effective engineering properties
— Vyx 1 . . . .
ST TEOE 0o, to be used in material mechanics equations
1
_7/xy_ O 0 ny | Xy
e P
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Stratifié keviar/époxyde

= 60 % de fibres en volume

o

épaisseur du pli : 0.13 mm

caractéristiques du pli : ¢f. paragraphe 3.3.3.
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70% 4|
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0% 4
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0%

23
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Stratifié carbone/époxyde

‘If; = 60 % de fibres en volume

€paisseur du pli : 0.13 mm

caractéristiques du pli : modules, contraintes de rupture : cf. paragraphe 3.3.3
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Failure of composites

(a) state of stresses

(b) matrix rupture

<&

(¢) decohesion, rupture of the fibes

N
»
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Failure criteria

2 2 2
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First ply and final failures

Stresses in the plies

Stress Composite

| [O'] = [é] ({8 0 }+ z {K‘ }) 4 failure

A{ Wtress conditions
3... . N
Failure criteria x Failure of 2" ply

5 5 ) Nx_ Ay Ay Al e B, B, Bj|| K, Fallure Of ISt ply
O, —0,0, 0, T Ny =14, 4, 4 83 +| B, B, By Ky
- N, Ay Ay A7

2
(O'uT,l )
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Design maps
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Composition optimum d’un stratifié carbone/époxyde

Vv = 0,6 ; caractéristiques du pli : cf. annexe 1 ou paragraphe 3.3.3.

10 % minimum de plis dans chaque direction 0°, 90°, + 45°, — 45°
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Fatigue of composites
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Fatigue of composites
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Damage in composites

Matrix
rupture
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. . £
Delamination

= I

Laminated /
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Impact causes local buckling and
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Design

Micro and macromechanics

Mechanical tests
CADFEM tools

Applications

:
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FEM
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Multiscale analysis

Example: Prof. Sung Kyu Ha, Hanyang University

Micro-meso-macro scale

Impact simulation

Damage in thin and thick laminates
Fatigue life prediction

Blade design

ooooooooooooooooooooooo
of Advanced Composites

=PL



More to

come

Textile composites
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Exercises on Moodle
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