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Let Me Introduce Myself

Q

AStarted at Collier Research in Jan 2009 (6+ years experience)
Title: Composite Stress Analysis, application engineer
Expertise: Closed-form analysis of stiffened composite structures

AReIevant Project Experience:

Composite Crew Module (CCM)

Recreation

Ares V Launch Structures Wind Turbine Blades
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Q

Structural Design & Analysis
with Composite Materials

(

AComposite ply properties
Classical Lamination Theory (CLT)
Extension of CLT to stiffened panels
AMargin of Safety
Composite strength failure criteria
Linear buckling
Honeycomb panel failure
Stiffened panel failure
Composite joints -
Coupling analytical methods with FEA Fabrication
Stiffened panel modeling approaches
Composite optimization
Continuous vs. Discrete Sizing
Designing composites for producibility and repair
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Orthotropic Material Properties

Q

AOrthotropic materials have properties dependent on fiber (or
warp) and matrix (or weft) directions (1, 2)

Transverse Direction Weft Direction
2 2
o %% 3> =< _

%%

1 El=E2
Longitudinal El > E2 _ W S E1 stiffness in warp
Direction E1 fiber stiffness Varp Direction E2 stiffness in weft

Tnidi : E2 matrix stiffness . . .
Unidirectional Tape Woven Fabric Lamina

Sources for Composite Ply Properties
1. Coupon Testing

2. Mil-Hdbk17

3.  Vendor data sheets
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What does Orthotropic Mean?

AOrthotropic

AProperties are unique in 3 perpendicular directions

AStiffness terms:

4, A, 0 00 0 D,
A=|4, 4, 0 B=|0 0 0/ D=|D,
0 0 A4, 0 0 0 0
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No normal-shear coupling terms, No Bij terms
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Typical vs. oBas| sc’)Q P

MATERIAL: AS4 12k/3502 unidirecti | ta Table 4.2.8 .
nirectonatiape CEp 147-UT ATyp ical (or Mean)
RESIN CONTENT: 30-33 wit% COMP: DENSITY: 1.56-1.59 g-'cm3 AS4/3502 . .
FIBER VOLUME: 59-61 % _ VOID CONTENT:  0.0-1.0% Tension, 1-axis p ropertles are d etermin ed
PLY THICKNESS: 0.0049-0.0061 in. [0]s .
75/A, -85/A, 180/W
TEST METHOD: MODULUS CALCULATION: B30, Mean aS th e averag e fal I u re I O ad
ASTM D 3039-76 Linear portion of curve from a series Of |dent|cal
NORMALIZED BY: Specimen thickness and batch fiber volume to 60% (0.0035 in. CPT) teStS
Temperature (°F) 75 -65 180
Moisture Content (%) ambient ambient 11-13
Equilibrium at T, RH (W]
Source Code 49 49 49 2 S~ . RN
Nomalized | Measured | Normalized | Measured | Normalized | Measured D e st @ 0 a | I Owa b I
Mean 258 231 261 . . .
! TG ToT ! 162 140 Statlstlcally determined
Maximum 17 285 37 .
CV.(%) 983 134 148 such that a certain
B-value 205 173 200
le | Listribution Weibull l (2) Weibull (2) Weibull (2) percentag e Of th e teSt
(ksi) C 269 244 276 I
& 269 24 e values will be above the
No. Specimens 3 3 0 allowable with a certain
No. Batches 5 5 5 .
Data Class B30 B30 B30 confidence.

ATypicaI = Mean of test sample
asis (design-to):
-Basis = 99% of failure is expected to occur above allowable with 95% confidence
B-Basis = 90% of failure will occur above allowable with 95% confidence

© 2015 Collier Research Corporation 8



Pristine vs. Damage Tolerance Properties

Q

Barely Visible Impact Damage
An practical design situations

l pristine ply allowables are
P knocked down for damage
ow-velocity Impact even

tolerance.
— )
A(nocked down allowable may

be 40%-60% pristine value

Delaminated Plies and Matrix Cracking A/]a’[er lal corrections used to

1 account foré
1. Open hole (0.250 open
BVID
After-impact, CAI, TAI, SAI
Filled Hole, FHT, FHC
Ageing, Moisture

ok wb

Design-to damage tolerant ply strain allowable (AS4-3502 Gr/Ep) = 4400pin/in
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Aaminate stiffness properties determined from Classical
Lamination Theory (Laminated Plate Theory)

Ply stiffness, E1, E2, G12

A \
o = ,.—!-"’
m - -
0°
o*
0°
0°
(0
Laminate stlffness EO, E9O - * ? / ?
Unidirectional Cross-plied
EO > E90 quasi-isotropic
EO = E9O
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Laminate Stiffness Formulation
Q

Reduced stiffness terms based on

z

/ orthotropic ply properties
Classical lamination theory y g —
of a laminate x/ Qu I—i. Q2 al—‘
“Vir— “Viy—
" E “E)
" ho k=SS Ea .
t| vy M {ho=04+Z) k=2 Q2 |2 E2 Qg6 = Grz
h3 : - k=3 ol T
‘ hg v ziQXk=4 E)
(hk-1 - hk) Z
n
A = Z{fo}n(zk — Zp_1) [A] A membrane stiffness (EA)
k=1
1 n
B;; = Ez{% } (2 = zi-1) [D] A bending stiffness (El)
k=1
n
D.. =l {Q} (z2 — z3_1) , :
ij =3 i I, %k — Zk-1 [B] A membrane-bending coupling
k=1

12
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Basic Plate Theory

Q

Ppanel constitutive equation A(irﬁc\:hoff-Love Plate Assumption
N A N — N A Straight lines normal to the mid-surface remain
eN @ eA B [ 5 eNT straight after deformation
é - Al Straight lines normal to the mid-surface remain

(DXD~ (D~

0 é ), € €
M 188 D kE M

AStraight-forward method for resolving uniform in-plane
load and bending into laminate strains and curvatures.

AForce Sign Convention

Forces z Qy
All forces are in units Ny
of (force/unit length)

Oy Grid 1

Ny Moments
All moments are in units
of (moment/unit length)
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normal to the mid-surface after deformation

The thickness of the plate does not change during
a deformation.

w




Relationship Between Force and Strain

oUnknowns 6 Stiffness Matrix OKnowns 6
N, A A €
N, €
Ny | — €y
M, s
M Ky
y B D )
M “y o

Unknowns on left, Knowns on right
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Relationship Between Force and Strain

STRAINS Inverted Matrix FORCES
€ N
e A B N,
S | _ N yy
I M.,
K B D My
Ky My,

6X6

e< = Aty N, +AL, Ny + €

When coupling  analysis codes with a FEM, the FEA
computed forces are imported to compute panel strains
and curvatures this way.
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