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Material
selection
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Material selection
Criteria

Mechanical properties Costs

stiffness raw material
strength manufacturing
toughness Physical properties:
fatigue density
Environment thermal expansion
temperature corrosion
humidity manufacturability
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Material selection
Specific criteria
electrical conductivity
thermal conductivity
electromagnetic properties
wear
erosion and abrasion
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Stress-strain
curves
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Stress strain curve
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Ramberg-Osgood equation

The Ramberg-Osgood equation is an algebraic
expression for the stress-strain curve shape that
was originally defined as: «

="+ K(G

e e that describes the hardening

jn where K and n are constants
behavior of the material

Notation from Ramberg-Osgood original work:

oc=F g:F+K(F)
E E
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Ramberg-Osgood equation
From the original work of Ramberg-Osgood:

 E¢ F
E=—— and:. 0=_——
FO.? FO.?
From the original equation:
¢ = For _For, K(Fo.?j” (1-0.7)F,, _ K(ij”
© 07E E E 0.7E E

Therefore: 35 — K(ij
TE E
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Ramberg-Osgood equation
Ramberg-Osgood equation:

E E F0.7 E FO.7 E FO.7 F0.7

Simplifying:

cE F+K( F )”(ij” E
|:0.7 FO.? |:O E I:0.7

¢E F (ij " 6E_F 3( F )
T - 0.7 — +
FO.? FO.7 E F0.7 F0.7 7 |:0.7
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Ramberg-Osgood equation

Therefore:
¢cE F 3( = j
— + — ——
FO.? FO.? 7 FO.?

In the paper, it was proved that:
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Ramberg-Osgood equation
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Ramberg-Osgood equation
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Ramberg-Osgood equation
The tangent modulus is defined by:

F=E.s¢ 1 :dg(F) put: €E _ i 3 F
E. dF I:07 F / I:0.7
n-1
de E 1 E_1+n3(F]
dF |:0.7 ET FO.? FO.? I:0.7 7 |:0.7
Simplifying:
n-1 E: 1
E:1+3H(Fj E 3 (F -
E, 7 \FRy "7 E
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Ramberg-Osgood equation
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Ramberg-Osgood equation
The secant modulus is defined by:

EszE L_¢ put: €E_F 3 F
o ES F FO.? |:0.7 7 I:0.7
sE_E1 _1[F +3(F)” 1, B(Fj“
F FO.? ES |:0.7 FO.? FO.? 7 FO.? FO.? 7 |:0.7
Simplifying:
n-1 E_ 1
EE:]'—I_?(FFJ E 1+3 = n-1
S 0.7 7 |:0.7
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Ramberg-Osgood equation
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Ramberg-Osgood equation

GO n-1
New parameters: a=K =

o and o, (yield stress) are the new parameters

Therefore: K(sza%(gj

Substituting: &=—+a20| 2
E' " Elo,
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Material properties

g
(MILT)

Density g/cm3 _ 4.4

Modulus of elaticity GPa _ 108

Shear modulus GPa _ 42.4

Poisson ratio - _ 0.30

Tensile yield strength MPa _ 550

Shear strength MPa _ 295

Coefficient of thermal expansion pe/°C _ 11
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Aluminum alloys
Characteristics:

widely used in aircraft manufacturing
*high strength/density ratio

*high stiffness/density ratio

egood corrosion resistance

*high thermal expansion coefficient

good manufacturability (welding is difficult)
srelatively low melting temperature

egood electrical conductivity

enon-magnetic
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Applications:

estructures
eINterior
e fairings

Aluminum alloys
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Aluminum alloys
Alloy 2024
e heat treatable
*high strength
good machinability
efair corrosion resistance
epoor welding
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Aluminum alloys
Alloy 7075:
e heat treatable
estrongest and hardest aluminum alloy
egood machinability
e fair corrosion resistance
epoor welding
*not very workable
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May/2017

Aircraft materials

25



Universidade de Sao Paulo Prof. Sérgio Frascino M. de Almeida

Steel
Characteristics:

*high strength

*high stiffness

*POOr cOorrosion resistance

ereasonable thermal expansion coefficient
good manufacturability

egood for welding

*high melting temperature

egood electrical conductivity

emagnetic
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Steel
Applications:

elanding gear
*highly loaded fittings
ecompact parts with space constraints
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Titanium
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Titanium
Characteristics:

egood high strength/density ratio

egood high stiffness/density ratio

egood corrosion resistance

ereasonable thermal expansion coefficient
every difficult manufacturability

epoor welding

*high melting temperature

eelevated cost
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Titanium
Applications:
e alrframes
efirewalls
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Polymeric
composites

May/2017

Aircraft materials

31



Universidade de Sao Paulo

Prof. Sérgio Frascino M. de Almeida

Polymeric composites

Characteristics:

egood high strength/density ratio
egood high stiffness/density ratio
egood corrosion resistance
every low thermal expansion coefficient
good manufacturability
*no welding (bonding)

*hygroscopic

elow limit temperature

*low electrical and thermal conductivity
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Polymeric composites
Applications:

widely used in recent years
*Wing

eempennage

*fuselage
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