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Monday 26.06

Tuesday 27.06

9:00 Motivation

9:00: Systems and functions (TUD)

10:00 — 10:45: Lightweight engineering | (TUD)
*  History of lightweight
» Applications in different sectors

10:00 — 10:45: Function Integration | (TUD)

» Examples of function integration (sensors, industry
4.0, e.t.c.)

*  Contradiction between structural integrity and
additional functions

*  Compliant structures

Break

Break

11:15 — 12:00: Lightweight engineering Il (TUD)
»  Isotropic/ anisotropic materials
*  Manufacturing technologies (e.g., braiding, autoclave)

11:15 — 12:00: Function Integration Il (TUD)

« Design process for function integrative lightweight
structures

» Spiral developments approach

* Design demonstration

Lunch

Lunch

13:00 - 13:45: Composite materials (DELFT)
* Basics of design and calculations

13:00 - 13:45: Tasks on Application (TUD)

Break

14:15 — 15:00: Tasks & calculations on design (DELFT)

14:15-15:00: Elevator pitch

Recap

Open discussion and application on their topics

COMP-ECO
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COMPOSITE MATERIALS
BASICS OF DESIGN AND CALCULATIONS

COMP-ECO -~ 3
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LIGHTNESS

COMPOSITE MATERIALS

Lightness
high specific properties (minimum mass)
shortest load path
all material equally loaded
process fits structure and material: a strategy for d
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minimum mass
a strategy for design

alkali metals

alkaline earth metals

transition metals

other metals

other nonmetals

halogens

B E |Ca| 5c i i n

|| neble gazes 19|20 | 21| 22|23 | 2425 | 26 | 27 [ 22 | 29 3)/ z1 |32 | 33|34 |35 36
lanthanides heavy metals

— Ebﬁr*fzrgﬂ:MnTchEhﬁaV.ﬁ.gcdlnSnSbTe|He
actinides Z7|Z2 |39 40|41 |42 (43 [44 |45 (46 |47 |48 |49 | 50|51 |52 [53 [ 54

Cz|Ba|La |[Ce | Pr|Md |Prn|Sm|Eu | Gd | Te|Dy |Ha | Er | T |k | Lu | HF | Ta| % [Ee|Os| Ir [Pt |&u |Hg| T1 |Pb| Bi| Po| &t [ En
20 [5&6|57 |58 |39 |60 |61 |62 |63 |64 [ES |66 |67 |EE (69|70 |71 | F2| V3[4 |73 | Te |77 |[7E |72 |80 8182|8284 | B5 | 56

Fr [Ra|dc| Th|{Pa| U |Np|Pulam|Cr| Bk |Cf |Es [Fra|Md|{MofLlr |+ |+ |+ ]+ T T T T T
7 e2 89|20 91 (929394 |95 |96 |97 |98 |2 10011102 0E 04 OSH s o7 os i o 10111112

t Far the narmes of elements 104-112, see Table 27.

EM 997 Encyclopaedia Britannica, Inc.
| vumir-eC0O
Slide created by A.Beukers
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COMPOSITION

- Composites
« reinforcement material

- reinforcement shape

\\ hollow spheres (3D)
dis)continuous >
- fibre architecture \ < \@ iweavei

.« matrix material

\‘\.
COMP-ECO V4
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tensile modulus [GPa]

Toho Tenax Europe GmbH COMP-ECO 8
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Fibre Appearance:

Short — Long — Continuous

Mechanical properties:
The longer the better

Continuous: Textile Morphology
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Matrix Essential feature

Epoxy (EP) |+ Thermoset, common resin system for CFRP
 Polyaddition between resin and curing agent

Unsaturated | - Unsaturated Polyester are commonly used with glass

Polyester/ |fibre

Vinylester | . vinylester for wind energy and marine application

* Low moisture pickup
* Cheaper than EP
* Peroxidic polymerisation, already at room temperature

* Accelerator for quick curing (accelerator and curing agent
may explode)

» Styrene as reactive diluent

COMP-ECO
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Matrix

Essential feature

Phenol-
Formaldehyde

 Polycondensation
« Airplane interior — FST (fire, smoke, toxicity)

Benzoxazine

* Relativly new resin system, based on phenal,
formaldehyd and amine

* Polyaddition reaction

 Long storage time, even at room temperature
* Mechanical properties similar to EP

* Good FST properties

COMP-ECO
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Matrix Essential feature

High * High energy release, high impact- and fracture
Performance toughness

Thermoplastics | .| ong storage time

LT:PE,:IESK)K, - HSE (Health Safety Environment) properties are

optimal
* High processing temperatures
* Unwanted yielding and creeping

Miscellaneous

 Bismaleimides BMI, Polyimide PI (good temperature
stability for space applications)

 Technical thermoplastics, acrylate, cyanate ester,
ceramic (Developing products and/ or other
applications than mechanical reinforcement)

COMP-ECO
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MATRIX MATERIALS (POLYMERS)

Documentation Essential feature
Technical data sheet * Provide mechanical data
Product data sheet * Provide processing data

Safety data sheet (MSDS) |- Provide composition of ingredients
* Provide first aid measures
* Provide fire fighting aspects

Before design you want to have the technical data sheet,
but also the safety data sheet, as that can influence your processing.

COMP-ECO
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MATRIX MATERIALS (POLYMERS)
Example safety wording: (scotch-weld 9323 B/A structural adhesive)

For further Health & Safety
information, please contact

PART A contains: 2,46 - First Aid:

Health and Safety
Tris (Dimethylaminomethyl)

Information

phenol, polymeric diamine.
PART B contains: Epoxy
Resin.

Precautions:

Irritating to skin. Risk of
serious damage to eyes.
May cause sensitisation by
skin contact. May be
harmful if swallowed. Avoid
contact with skin and eyes.
Wear suitable gloves and
eye/face protection.

Eye Contact:

Immediately flush eyes with
copious amounts of water
for at least 15 minutes,
holding eyes open. Call a
physician.

Skin Contact:
Wash immediately with
plenty of soap and water.

Ingestion:

Drink two glasses of water
and call a physician
immediately. Do not induce
vomiting.

our Toxicology Department
on Bracknell (0344) 858000.

COMP-ECO
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PROCESSING

Combine reinforcements and matrix

Process!
- There are many, many processes, they all lead to some final material.
So:

Values for properties you dare (are allowed) to use when designing
something depend on processing

Five material tensile strength test results:
300 MPa ; 308 MPa; 320 MPa; 303 MPa; 287 MPa
Which value should we use???................. ALLOWABLES.

COMP-ECO
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ALLOWABLES

Property/failure Dominant Factors affecting
mode constituent Properties

Stiffness

Elastic constants | Fibre Temperature
Buckling Fibre Fibre alignment
Crippling Fibre Element geometry

COMP-ECO 16
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ALLOWABLES
Property/failure Dominant Factors affecting
In-plane strength
Tension Fibre Low temperatures
Compression Fibre Moisture/elevated

Matrix/interface temperature

Shear Fibre Moisture/elevated
Matrix/interface | temperature

Pin bearing Matrix/interface | Element geometry

Bearing/bypass Matrix/interface | ...

COMP-ECO
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ALLOWABLES

Property/failure mode |Dominant |Factors affecting
constituent | Properties

Out-of-plane strength

Interlaminar shear Matrix Elevated
temperatures

Interlaminar tension Matrix Moisture content

Free-edge failure Matrix Chemical exposure

COMP-ECO
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ALLOWABLES
Property/failure Dominant Factors affecting
Durability/damage
tolerance
Notched tension and | Interface Elevated
compression temperatures

Compression after | Matrix/interface | Moisture content
impact

Fatigue Matrix Load history

Creep Matrix Elevated
temperatures COMP-ECO

19



N
Funded by the ‘ @
T EARTNERS Y

European Union

-
% TECHNISCHE
i TuDelft  @iese

_—

)

Compression loading!")

Undam/damaged
1 compr strength ~
0.9 1 - & Flawed hole
08 T ® Porosity
0'7 T A Delamination
06 + ® |[mpact
0.5+
04 |
0.3 1
0.2 +
0.1 +
0 | | | | | |
0 10 20 30 40 50 60 70 MM
Damage diameter (mm) or void content (%)
| | | | | %
0 0.5 1.0 1.5 2.0 2.5
(1) Whitehead, R.S., “Lessons Learned for Composite Structures”, Proc First NASA Advanced COMP-ECO 20

Composites Technology Conference, Seattle WA, 1990, pp 399-415
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DESIGN VALUES

mean +
environmental effects
mean +
environmental effects™ |~ mean
+ damage 5-30%
distribution
|| <
/ \ 10-35% |
Q\-B_asis | B-Basis
esign vaiue design COMP-ECO 21
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Limit strains (or stresses)

Combine effects for material scatter, environment, and damage

Mean undamaged failure strain (compression) 1.1 % strain

Knockdown | Knockdown

source fraction Limit strain =1.1 x 0.8 x 0.65 x 0.8 =0.45 % strain
Environment 0.8

. . . o

Damage 0.65 Traditional safe design strain is 0.3 %

(BVID)

Material 0.8

scatter

COMP-ECO
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VOLUME, ARCHITECTURE AND HANDLING
fibre orientation fibre manufacturing applications
content control length processes
V§
L
[%e] [mm]
thermo thermo
sets plastics
_ . . small detailed parts
L <L<10 injection moulding
0 eirit pressing (housings and brackets)
25% o
e injection
moulding | SRIM beams and shell structures
10< L <100 RTM
pressing (car body parts)
40% BMC/SMC| GMT
1?0 L—> laminating large plate and shell structures
% tapelaying (aerospace)
filament winding (packaging / pressure vessels)
RTM (vari) (ship building / civil engineering)
pressing small plate and shell structures
diaphragm forming (aerospace)
70% L o pultrusions profiled beams (civil engineering)
RTM: Resin Transfer Moulding VARI: Vacuum Assisted Resin Infusion SRIM: Structural Reaction Injection Moulding

BMC: Bulk Moulding Compound SMC: Sheet Moulding Compound GMT: Glass Mat reinforced Thermoplastic



Funded by th \\\J/
unded by the ‘

-
2 TECHNISCHE
European Union TU Delft ggIEVSEDRESr}TAT

_—

TECHNOLOGY
,,,,,,

I

TASKS & CALCULATIONS ON DESIGN

COMP-ECO
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Mechanical behaviour of composites

Composites are anisotropic inhomogeneous materials. The morphologies
may vary to a large extent due to variation of matrix, fibres, fibre
length....Consequently, mechanical behaviour is more complex than for

other materials.
The mechanical behaviour of composites is described in many books. The

focus is different per book.

COMP-ECO 25
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» Isotropic materials: identical(mechanical) properties in all directions

» Same stiffness constant for all loading directions df’-
“"\ ’
» o=Ee E [N/m2orMPa] is modulus of elasticity

 Anisotropic materials: direction dependent stiffness

» 0y = E;; & if loaded in 1 direction

€1, 0]

» In general:
01 = C1161 + C1282 + C1383 + C1484 + C1565 + C1686

> &4 &sand & are the shear strains (&4 =V23 E5=V31, E=V12)

Shear Shear Stress, T

Strain. Vo ——

NB: sometimes ¢; is used instead of y; 17// / , COMP-ECO

e ——
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THE LOADS ON ISOTROPIC BEAMS

N, = A—E5 = AEs_ per width: N N_ = AE & =tE¢g, L
L width width | =
N | L d,
N =A—E5 = AEeg, per width: =N_ = AL e =tEe
YL width 7 width

. AG
N, =dr  =AG er width =N_ = =
Po P widih = = a7

M_=EI 1. =Elx_ per width: M, =M_= E K. = a il

P. width width N

M, ,

M, =EI 1. = Elx, per width: =M = = K, =

P, width Y width 7 <

M, . :
M_ = EH =GJk,, per width: =M_ = GJ K. = 2t3GN _______ 0
YL wzdth Y owidth Y L

COMP-ECO 27
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O E E_ + vE &

l-0t Y 1=

E VE
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B E

xy 7/xy 2(1+U)7/xy

' E UE normal normal
Nxzaxt=t1_025x+t1_uzgy:Cxx tEe, +C.""tEg,

Plate: N, =Cy™"tEe +C""E¢,
Beam: N_=tE¢.

., . . ' bending .3 bending 3
For moments it is similar: M, =C"™t'Ex +C """t Ek,

COMP-ECO
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THE LOADS ON ISOTROPIC PLATES
N, =C"™(Eg, +C\"""E¢,
" ynormal normal
N,=C, "tke, +C tke,
" pvshear
N, =C. " tGy,
M, =Cr"™rEx +C)""FEx,
__ pbending ,3 bending ,3
M, =C""t'Ex, +C""t'Ex,
__ gvtorsion 3
M > = ny t Gny
COMP-ECO 29
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N, Cl™tE
' normal
N, | | CrmiE
N, |_|0
M. | |0
M. | |0
M, | |0

C, MR ()
normal

C™IE 0
ClrG 0

0

0
0
0

0
0
0

0
0

bending 3 bending 3
Chrine g Cherine P
bending 3 bending 3
Clodne g Cledneg

0

0
0
0

0

v

IR

THELOADS ON ISOTROPIC PLATES IN MATRIX NOTATION

‘

-—

S O O O O

C;)o}rsion f3 G

How does this look like for anisotropic plates?

COMP-ECO
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THE ABD MATRIX FROM CLT
Response of a laminate under loading

N, | [4, 4, 4, B, B, B,|[¢
\71 4, 4, 4, B, B, By g?
*"?\'r;y _ 4 A_-ﬁ Aﬁt’: Bm Bm B 66 }/,?1 [
er Bu Bu Bl(i Dll Dll Dlﬁ Ax
iw}, Bll B;: Bzﬁ Dlz Dll DEG /}./1
ﬂ/f}y _‘816 BEG Bﬁﬁ Dlﬁ Dlﬁ D66_ /1/1}

by
[ ] J.[ ]dzz> 47 Z(‘*-'U Zﬁ'—l)

by

b —
[B]=[2[0]d== B, = Z(_,U ez -z

hy

= 1
[D]:J.ZE[Q]dZDDU- %;(ﬁg)k(zi—zi-l)

hy T

-

-—

f O Faas
_—
Coupling No Coupling Element
Extension—shear
NI = -4 NT NE j— .......... b= N
-~ S L =" s
Bending—twist .
Extension—twist
Big
By

! : 'N:
€| P =3
| 1z=-ndm\g-k:nea:u;h.l_a\7

z .7 r :
o _ By

NP7 & N,

M, g 5 M, Do

MP-ECO
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COMPOSITE LAMINATES

« Composite plates are usually made by stacking a series of oriented
unidirectional layers (plies)

» These plies are about 0.1 — 0.2 mm thick

> A stack of 10 layers (a laminate) is still very thin!
« Plies are very stiff along their fiber direction

> Perfect opportunity to design properties of our laminate plate
r pportunity ign properti ur i p EOMB-ECD
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LAMINATE STACKING EFFECTS ON ABD

f;\ All ‘412 ‘416 Bll
N, d, 4, 45 By,
Symmetric [23,23], (Off axis) N 4 A4 A B
* A, & A, are not zero, in-plane normal and shear coupling q/;" = 816 B-é Bﬁo Dm
D, & D, are not zero, bending torsion coupling T 1 1 e Tl
« B matrix is zero, no in-plane out-of-plane coupling M, B, B, B, D,
Balanced [23,‘23,44,'23,23,‘44] M;}- _Bm By Bg Dy
* A, &A, arezero, noin-plane normal and shear coupling
D, & D, are not zero, coupling bending torsion
* B matrixis not zero, in-plane out-of-plane coupling
Symmetric & balanced (symmetric angleply) [90,0,-45,+45],
* A, &A, arezero, noin-plane normal and shear coupling
D, & D, are not zero, coupling bending torsion
* B matrixis zero
COMP-ECO

M M
_ s MmO

Bl: Bm
B:: B-é
B:cs Bﬁﬁ
Dl: D16
D:z Dzﬁ
Dlﬁ Dﬁ(j_
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LAMINATE STACKING EFFECTS ON ABD

Yy All All ‘416 B11 Bl: Bl

“\1 4, 4y, 4, B, B, B

Ny, _ As 45 4y By By B

+ Anti symmetric (anti symmetric angleply) Mo |Bu By Be Dy Dy D
[23,-23,44,-44,23,-23] | M, b, b, B, D, D, D,

* A16 & A26 are zero 'ﬂ/{;x}' _Bm BJG Bﬁo‘ Dlﬁ Dzﬁ Dﬁ

D, & D, are zero,
* B matrixis not zero
- Special Balanced [+44,-44,90,-44,+44, -44,+44,90,+44,-44]

(antisymmetric with a symmetric & balanced top half and symmetric & balanced bottom half)

Symmetric & balanced & crossply [0,90,90,0] ([0,90,0,,90,0])

Ac & A, are zero
D, & D, are zero
* B matrixis zero

COMP-ECO 34
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LAMINATE STACK CODING

T
y—[£450:%0) [+ 45F 0. (O or 90)F]s
7 +45 ! »
\ - 45 \ T 45 tabric
/ 0 0

90

(
{ ) 0
90 ), { 0 or 90 fabric
0 { \ 0
r _45 } < 0

{ +45 \L + 45 tabric

"'-..,,/h"“'-.-""'-.-"'"“

Brackets [] with angles separated by '/’
Always start at bottom (mould side)
Subscript "S” for mirror symmetry: [0/90/90/0] = [0/90]s
N-repeated layers with subsript "N”: [0/0/45/-45]c=[0,/+45]¢
+45 means 45/-45, + 30 is -30/30

“F" is used for Fabric layer: [+45F/0,/90F]¢

The warp direction of the fabric is the 0 direction.
The fact that a fabric has a top and bottom side is not reflected!  ~qup-eco 35
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- Anti symmetric & Special balanced
* A &A,&D, &D,, &Bare zero
+  Example [0,+45,-45,90,-45,+45,0,-45,+45,90,+45,-45,0]

__ . Symmetric top half (also balanced!)

. — Anti Symmetric

— — - Symmetric bottom half (obviously, as it is anti symmetric)

Anti symmetric & Special balanced
— General [ [..]Jgs/[--]gs ]as BS=Balanced & symmetrical AS = Anti Symmetrical
— [+18,-18,-18,+18, -18,+18,+18,-18]
— You need many layers.
— [0,-60,+60,+60,-60,0] is quasi isotropic (A matrix (=in-plane), not D matrix).
- [0,-60,+60,+60,-60,0, 0,+60,-60,-60,+60,0] is quasi isotropic (A and D matrix).

COMP-ECO
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DIFFERENCE WITH METALLIC STRUCTURES

Which loads are not wanted in metallic structures?
Often alternating loads as they lead to fatigue cracks

Which loads are not wanted in composite structures?
Loads leading to stresses in the matrix material
Interlaminar stresses
Peel stresses
Lead to delaminations (the weak matrix material)

COMP-ECO
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DELAMINATION SOURCES AT GEOMETRIC AND
MATERIAL DISCONTINUITIES

Straight free edge
. &~
*{ } =r?‘:}:‘;:-.___ : {’
Internal ply drop Interlaminar ‘"“"--..4 Corner
stresses

e L e :% ' :OMP-ECO 38

Solid-sandwich transition Skin stiffener interaction
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Distrib_ution of shear stresses across the width of a laminate. Free-
edge stress distribution is limited to a region approximately one

laminate thickness wide.
= |
A

Shear stress

o

! -—
w2 d

. . COMP-ECO 40
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STRESSES

=)

. \~77 . . . — —
A curved laminate "C"” channel in various loading
conditions.
- Radii open under tensile load.
- Radii close under compressive load
- —— -

COMP-ECO 41
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(a) (b)

Development of radial stresses in a curved laminate.

(@)

"he force couples (-, +P) act on the curved laminate.
"he radial stresses (0,) must balance the vertical

(b) "
com

bonents of these loads.
COMP-ECO 42
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PEEL STRESS

Transfer of pressure loads on the skin through the substructure

}

Van Tooren
 Extra 400 how?

Substructure

Adhesive or resin interface

N

MHHH¢MFHHHHH&MHHHMH

COMP-ECO 43
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LAMINATE GUIDELINES

o 10%0 Rule

most engineering laminates do not qualify as “specially orthotropic”

Similar behaviour when:
There are at least 3 ply orientations (no matrix dominated direction)
The angles between the fibers are at least 15 degrees
The number of plies in each fiber direction is at least 10% of the total number of plies

For unsymmetrical lay-ups: Define reduced bending stiffness as:

D=D-B'A'B
N.B. Good for bending, but for buckling has to be used with caution
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LAMINATE GUIDELINES

Homogeneous with a preferred increased performance direction
Small orientation difference between adjacent layers

Do not group identical layers

Prefer orthotropy (A;¢=A,;=0)

Avoid free edges

Reduce interlaminar shear stresses by proper angular differences
Thick laminates: outer layer: 90° w.r.t. the main tension direction

Always assess individual layer strains and stresses
COMP-ECO 45



LAMINATE GUIDELINES

. Thin layers are better than thick layers

. Build laminate in such a way that out of plane edge stresses are
compressive

. Be careful with bearing stresses (metal bus insert)

. Avoid plydrops on the outside

. Drop plies near the middle, if possible in a symmetric way
. Limit to dropped thickness to 0.5 mm in on step

. Keep the minimal distance for the next plydrop ten times the drop
thickness. COMP-ECO 46
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PLYDROP RULES d
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LOCAL REINFORCEMENT N

Orientation
+ 459 |ayers to spread load over more material

tangential reinforcement
no extra UD: attracts stresses

Limit countersunk depth to 1/3 of laminate thickness

Fastener move
out of contact

underneath

countersunk head. Contact here
aggravates
>

bearing load
on shank. @

Reduced effective bearing
area for countersunk
fastener

Full thickness
that would have
en available >
forb g Primary bearing area
on protruding- on shank of bolt &a
head fastener, must fail before C Mp ECO 48
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IGN SPACE

10% rule ?

Design space includes a
variety of variables, including
lay-up, thickness,
temperature, and other design
or environmental effects.

COMP-ECO
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L.J. HART-SMITH, THE BOEING COMPANY;
R.B. HESLEHURST, AUSTRALIAN DEFENCE FORCE ACADEMY

Some technical and managerial lessons learned include

the following:

Don't design for primary loads being transferred by interlaminar shear;
also, avoid secondary induced interlaminar loads.

Do plan the tooling and manufacturing approach during the preliminary
design phase to ensure that all three are compatible. Don't complete the
design in isolation and then worry afterward about how to build it at a
specified production rate.

(Part of what we call the trinity principle)

COMP-ECO o0



- ~—-
TECHNISCHE
@ Tupelt RGN G
—

_—

CONTINUED

Don't begin the formal design drawings until after the first part has
been completed. Do the drawings last to ensure that they are in
conformity with the part.

Don't trust computer strength analysis or optimization programs
that advocate the use of highly orthotropic fiber patterns.

Don't design the basic structure first and the joints last—design the
joints first, to maximize the structural efficiency, and fill in the gaps
in between afterward.

Do not adhere blindly to original plans when difficulties arise. If
three cure cycles are needed to manufacture a design that was
supposed to be made in one shot, it is time to change to a different
optimal design for two- stage manufacture.
COMP-ECO 51
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CONTINUED

Do understand the reasons behind historical precedents before
following them in the future. What is optimal for one set of
circumstances is often quite unsuitable for others.

Don't be a slave to fashion. Understand the merits and limitations
of past design and manufacturing techniques thoroughly before
deciding on an approach for some given application.

Don't treat repairability and damage tolerance as afterthoughts
once the static ultimate- strength design has been accomplished.
All conditions need to be treated simultaneously.

COMP-ECO 92
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CONTINUED

Don't complicate designs by seeking the last ounce of weight
saving. Doing so will add unreasonably to the design and
manufacturing costs.

Don't ever design an adhesive bond to be the weak link in a
structure. The bonds should always be stronger than the
members being joined.

Do be wary of induced peel stresses, both in adhesive layers and
in the composite laminates.

Do remember to allow for expansion and contraction of the tools
and composite material at different times during the cure cycle.

and many more COMP-ECO 53



European Union

5

Funded by the ‘ e
TECHNOLOGY
PARTNERS

_—

] A
TECHNISCHE
é Tupeit  REES G
—

PRODUCT COSTS (=

Cost build up is a trade secret of companies, so not shared 1“ ‘QJ\;

& Material cost is often a small part of the product cost
* Prepregis more expensive than reinforcement and resin.
« Weaves are more expensive than UD material.
« Carbon is more expensive than glass.
« Composite material is more expensive than metal (bulk cost)

¢ Production cost:
 Equipment cost
* Manufacturing time (Man hours)

* Cutting of reinforcement
* Lay up actions of reinforcement (Kg/min)

* Finishing operations

¢ Lead time of process is relative long.
COMP-ECO
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IS YOU‘R DESIGN STIFFNESS OF STRENGTH BASED?

Design for stiffness versus design for strength

Think about what happens if the structure becomes overloaded

Does it crack and fail? ........ Strength design

Does it stop functioning, too large deflections? ........ Stiffness design

What is preferred?
Stiffness design, as it gives a change to recover......

COMP-ECO 95
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HOW TO IMPLEMENT THIS KNOWLEDGE?

Take a problem/challenge where you might want to apply composites
Make clear which requirements there are with respect to loads.
Make clear which other requirements there are.

Sketch a design solution and show the points of attention, especially
the ones discussed in this workshop

Extra: think about repairability and how that might influence your
design solution?

COMP-ECO o560
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