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Object-Oriented Approach to Mechanical Analysis of
Composite Masterials

Mitsunori Miki
Aeronautical Engineering, University of Osaka Prefecture
4-804, Mozu-umemachi, Sakai, 591, Japan

A trial development of an expert system for the mechanical analysis of
composite materials is performed using an object-oriented approach. A
knowledgebase is constructed for fibrous laminated composites by making
appropriate classes and their hierarchical structure. The concepts for making
classes and messages are described. Methods for dealing with synonimic
messages and for dealing with dimensions such as those of stress, strain,
modulus, and compliance are proposed. An example for calculating the
stiffness, the compliance, and the strength under an in-plane load is
presented and the proposed expert system is found to be useful for the
analysis and design of composite materials.
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Object
CompositeAnalysis
CompositePlate
Lamina
Material
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T300and5208
Modulusinvariants
OrthotropicEngineeringModulus
OrthotropicModulus
Collection
SequenceableColiection
- ArrayedCollection
Array
PlyStresses
PlyStrains
RectangularPlate
SquareMatrix3D
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InplaneModulus
InplaneStiffness
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Moment
Force
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Vector3D
InplaneLoad
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InplaneStress
FailureCriterion
MaximumFailureCriterion
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compliance = 5.3e-10
stress = 4.7e7 ’

strain = compliance * stress (a)

aninplaneCompliance « InplaneCompliance new.

aninplaneCompliance a11:1.5e-9 a12:3.2e-8 ai13:0
a22:2.4e-8 a23:0 a33:3.7e-8.

aninplaneStress « InplaneStress new.

anlnplaneStress e1:4.7e7 e2:2.1e6 e3:-6.8e7.

aninplaneStrain « aninplaneCompliance * aninplaneStress

aninplaneModulus « aninplaneStress / aninplaneStrain  (b)

aninplaneStrain « aninplaneStress * 5.3e-10
aninplaneModulus « aninplaneStress / aninplaneStrain  (c)
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. Inslance creation
T300and5208 new
Lamina material:argument1 thickness:argument2
StackingSequence newOnTotalPlyNumbers:argument

. Accessing

alamina material
aMaterial modulus
aStackingSequence angleOfPly:5

. Testig

aStackingSequence isSymmetric
aStackingSequence isHybrid

. Error notificafis

aStackingSequence errorNotSymmetric

0

. Calculation

aStackingSequence halfPlyNumbers
aRectangularPlate area

totalStifiness « halfinplaneStifiness + 2
averageStress « aninplaneload / thickness

aCompliance « aninplaneModulus inverse

. Analyzing

aStiffness «- aCompositePlate inplaneStifiness
anOffAxisModulus « anOnAxisModulus rotate:60

isplayin
aStiffness show
aninplaneStrain show

K8 #Ayt—yopFay

InplaneStiffnessOnSymmetric
"Calculate the inplane stiffness of a symmetric
laminate® '

| onAxisModulus offAxisModulus eachAngle
plateThickness temp |
stackingSequence « self stackingSequence.
(stackingSequence isSymmetric) ifFalse:[

stackingSequence errorNotSymmetric].
onAxisModulus <« self lamina onAxisModulus.
offAxisModulus « InplaneModulus new clear.
1 to:stackingSequence halfPlyNumbers

do:[:index |

eachAngle « stackingSequence angleAt:index.

offAxisModulus « offAxisModulus +
{onAxisModulus rotate:eachAngle)]. )
offAxisModulus « offAxisModulus / stackingSequence
halfPlyNumbers.
plateThickness « self Jamina thickness *
stackingSequence totalPlyNumbers.
temp « InplaneStitfness new.
temp « (offAxisModulus * plateThickness)

T temp )
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(a.1)
(a.2)
(a.3)

(b.1)

(b.2)
(0.3)

{c.1)
{c.2)

(d.1)

(e.1)
(e.2)

{1
{2

(@

th.1)
h.2)

{i.1)
(i2)



| taminaCF layUp shape composite inplanelLoad
inplaneStrain plyStrains strainCriterion |
laminaCF « Lamina material:T300and5208 new
thickness:1.25e-3.
layUp « StackingSequence newOnTotalPlyNumbers:8.
layUp symmetric:true;
fromCenter:true;

No interface exists
between thsese knowledges Knowledge base for

4—composite analysis

Classes and
methods developed
for composite analysis

Fundamental classes
and methods in

ply:1 angle:30;
ply:2 angle:-30;
ply:3 angle:30;
ply:4 angle:-30.
shape + RectangularPlate origin:(0@0)
corner:(0.3@0.1).
composite « CompositePlate new.
composite madeOf:laminaCF;
stackingSequence:layUp;
geometry:shape.
composite inplaneStiffness show.
composite inplaneCompliance show.
inplaneLoad « InplaneLoad new
longitudinal:4.5¢e4;
transverse:1.7e4;
shear:-1.5¢e4.
inplaneStrain « composite
inplaneStrainOnLoad:inplanel.oad.
inplaneStrain show.

plyStrains « composite plyStrainsOninplaneStrain:inplaneStrain.

plyStrains show.
strainCriterion « MaximumStrainCriterion new

strainCriterion failureChecksOn:plyStrains
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B Strain2=0.00455433
£ Strain6=-0.00268357
f piy-2

Strain1=0.00492496
Strain2=0.00101815
Strain6=-0.00139965
Ply-3

Strain1=0.00138879
Strain2=0.00455433
Strain6=-0.00268357
Ply-4

B Strain1=0.00492496
Strain2=0.00101815
Strain6=-0.00139965

] strain

j’:i ply 1---Failure on
H transverse tension
B8l ply 2---not failure

&l ply 3---Failure on

transverse tension

ply 4---not failure

first ply failure=true
failure checks over

Elements of inplane strain

Elements of inplane strain

Elements of inplane strain

failure check on maximum

Smalltalk-80

X1l s#oms

seif InplaneCompliance show.
‘platet”

“Print "
Y seif symmeirio.
setf layUp,

| inplaneLoad InplaneStrain |
Z] InptaneLoadeinplanctoad new
§ longltudinal:3.Se3;
£

transverseit.zedy

’t}';ﬂ shear-0.1e3,

epsiL:-8e-3 eps1U:8e-3 eps2L:-20e-3 eps2U:3.8e-3 eps6:9e-3.  Fi] reswii oo

InplaneStralnontoadiinplanetoad.
3] InptaneStrain show,

1

3
§

CompositeAnalysis

CompositePlate
FailureCriterion
InplaneCompliance
Inplaneload

System-Compiler
Files-Streams
Files-Abstract InplaneModulus
Files-Macintosh InplaneStiffness
nterface-Macintos| InplaneStrain

InplaneStress

System-Printing

| laminaCF layUp shape composite inpla

plyStrains strainCritarion |

laminaCF + Lamina materlak T300and5208 n
thicknass: 1.25e-3.

layUp ¢ StackingSequence newOnTotalPiyt

layUp symmetric:true;

fromCenter:true;

ply:1 angle:30;

ply:2 angle;-30;

ply:3 angie:30;

ply:4 angle:-30.

shape + RectangularPlate origin:(0@0)
cornar:(0.3@0.1).

composite + CompositePlate naew.

class
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