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Material property charts (Ashby charts):
  The material charts map the areas of property space occupied by each material class. They can be used in three ways: (a) to retrieve approximate values for material properties (b) to select materials which have prescribed property profiles (c) to design hybrid materials. The collection of process charts, similarly, can be used as a data source or as a selection tool. Sequential application of several charts allows several design goals to be met simultaneously. More advanced methods are described in the book cited above. The best way to tackle selection problems is to work directly on the appropriate charts. Permission is given to copy charts for this purpose. Normal copyright restrictions apply to reproduction for other purposes. It is not possible to give charts which plot all the possible combinations: there are too many. Those presented here are the most commonly useful. Any other can be created easily using the CES software.
Material classes and class members The materials of mechanical and structural engineering fall into the broad classes listed in this Table. Within each class, the Materials Selection Charts show data for a representative set of materials, chosen both to span the full range of behaviour for that class, and to include the most widely used members of it. In this way the envelope for a class (heavy lines) encloses data not only for the materials listed here but virtually all other members of the class as well. These same materials appear on all the charts.
The charts that follow display the properties listed here. The charts let you pick off the subset of materials with a property within a specified range: materials with modulus E between 100 and 200 GPa for instance; or materials with a thermal conductivity above 100 W/mK.
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CES Selector for Materials Selection software:
Link :
https://www.youtube.com/watch?v=E8ZuOAusTxg

With CES Selector, you can customize the software based on your teaching/research requirements. Choose from:
· Editions providing tailored data: Base, Additive Manufacturing, Aero, Metal, Polymer, and Medical
· Optional software tools: FE Exporters, Eco Audit Tool, Synthesizer Tool, CES Constructor
· A range of additional databases: see below.
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Plugs, the combustion chambers, the drive shafts, the shock absorbers, the
Sywheels, some car body pars, the window glass, and racing car brakes. Also,
Sunctionally gaded mateils are sed i enbanced body coatings for cars, and that
includesthe graded coaings withparticles, sch 35 dioside/mica.

Biomedical
‘The buman body is made up of  mumber of finctionaly graded materials, which
includes the bones and the teeth. These are the most replaced human body parts, asa
result of damage to these parts, or as a resl of the natural ageing process. The
engineering materias that are biocompatible are used for ther replacements. The
‘natural parts tha these materils replace are functonally graded material in nate.
“This is why the majority of finctionally graded materils used in the biomedical
industry are wsed for implants. The porosity gradient functionally graded materials
are most commonly used i this industy, because thei propertes are very close to
those of the pars they intend to replace. Examples of where the porosiy gradient
FGM is used in the biomedical indusry include the following: In the permanent
skeleta replacement implants, graded porosiy helps to minimiz the sress shielding

Defence
‘The ability of the FGM to offer penelration-resistant propertis by inbibiting crack
‘propagation i an atractive property that makes the material favoured i the defence
industry. The fnctionally graded materils are wsed in the defence industry in
applications. such as bulet-proof vests, the raditional Japanese sword, and in
armour plates . Another key area of pplication of inctionally graded materials is i
the body of bulletproof vehicles.
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Chart 1: Young's modulus, E and Density, p

‘This chart guides selection of materials for light, stff,
components. The moduli of engineering materials span a
range of 107; the densities span a range of 3000. The
contours show the longitudinal wave speed in m's; natural
vibration frequencies are proportional fo this quantity.
‘The guide lines show the loci of poits for which

+  Elp = C (minimum weight design of stffties;
‘minimum deflection in centrifugal loading, etc)

o EY2p= C (minimum weight design of stiff beams,
shafts and columas)

o EY3)p = C (minimum weight design of stiff plates)

‘The value of the constant C' increases as the lines are
displaced upwards and to the left, materials offering the
‘reatest stiffness-to-weight ratio lie towards the upper left
hand corner. Other moduli are obtained approximately
from E using

s v =13 G=3/8E K~E (metals, ceramics,
glasses and glassy polymers)

o or ve05: GxE/3: K I0E (clastomers,
subbery polymers)

whete v is Poisson's ratio, G the shear modulus and K
the bulk modulus.

10004

Young's modulus, E (GPa)

Young's modulus - Density| Technical
ceramics

Longitudinal
wave speed __ -

L 10%mis

Rigid polymer ~

sic

A0

Cualloys.

Metals |

Density, p (Mg/m3)





image8.png
Chart 2: Strength, g5 against Density, p

‘This is the chart for designing light, strong
structures. The "strength" for metals is the 0.2% offset
yield strength. For polymers, it is the stress at which the
Stress-strain curve becomes markedly non-linear -
typically, a strain of abut 1%. For ceramics and glasses, it
is the compressive crushing strength; remember that this is
roughly 15 times larger than the tensile (fracture) strength.
For composites it is the tensile strength. For elastomers it
is the tear-strength.  The chart guides selection of
‘materials for light, strong, components. The guide lines
show the loci of points for which:

@ ofp = C (minimom weight design of stong
ties: maximum rotational velocity of disks)

® |7fm/p = ¢ (minimum weight design of strong,
‘beams and shafts)

© qu/p = ¢ (minimum weight design of strong,
plates)

‘The value of the constant C increases as the lines are

displaced upwards and to the left. Materials offering the

greatest strength-to-weight ratio i towards the upper left

comer.
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Chart3: Young's modulus, E, against Strength,
T

‘The chartfor elastic design. The “strength” for metals
s the 0.2% offset yield sirength. For polymers, it i the
1% yield strength.”For ceramics and glasses, i is the
compressive crushing srength; remember that this is
soughly 15 times larger than the tensile (facture) srength.
For composites it i the tensile strength. For elastomers it
s the tear-strength.  The chart has numerous applications
among them: the selection of materils for springs, elastic:
‘inges, pivots and elastic bearings, and for yield_before-
‘buckling design. The contours show the failure strain,
.7/ . The guide lines shorw three of these; they are the

Ioci of points for which:
@ o/ =C (clastichinges)

®©  GfE =C (springs, clastc cverey
storage per unit volume)

©  gfPE=c (aelctionfor clasic

constans such as knife edges; elasti diaphragms,
compression seals)

‘The value of the constant C increases as the lines are
displaced downward and to the Fight.
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Chart 4: Specific modulus, E/p, against Specific 5 T R
s strength, ,,/: Specific modulus - Specific strength
al
The chrt forspecific ilfassand sength. The ] 14 Coramics
contours show the ield strain, .7/ . The qualificatins Eostomarsense e suenth s
on strength given for Charts 2 and 4 apply here also. The Compotes e e

chart finds application in minimum weight design of fies
and springs, and in the design of ofating components o
‘maximize rotational speed or energy storage, ete. The.
‘guide lines show the loci of points for which

Non-tech
ceramics

@ B =C (ies springs of minimum S

weight; mavimum rotatonal velocity of disks)
® o}/El? =

?

© gE=C (clasic hinge design)

‘The value of the constant C increases as the lines are
displaced downwards and to the right,
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Chart5: Fracture toughness, Ky, against
‘Young's modulus, £
‘The chart displays both the fracture toughness, K],
and (as contours) the toughness, G, K7, /. Tallows
critera for stress and displacement limited falure criteria
(Kjoand K./ E)to be compared. The guidelines show
the loc of points for which

@ Ky?/E = C (lines of constant toughness, G
energy-limited failure)

® Kp/E = C (guideline for displacement-
limited brttle failure)

‘The values of the constant C increases asthe lines are
displaced upwards and tothe left. Tough materials ie

towards the upper left comer, briftle materials towards the
bottom right.
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Chart 6: Fracture toughness, Ky, against
Strength, o7

‘The chartfor safe design against fracture. The
contours show the process-zone diameter, given
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The value of the constant C increases as the lines are
displaced upward and to the left.
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Chart 7: Loss coefficient, 7, against Young's
‘modulus, E

‘The chart gives guidance in selecting material for low
damping (springs, vibrating reeds, etc) and for high
damping (vibration-mifigating systems). The guide line
shows the loci of points for which.

© 1F = C (uuleof thumb for etimatng
dampag in polymers)

The value ofthe constant C icreases asthe lneis
diplaced upward and o the right
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[Functionally Graded Materials (FGMs) :

may be characterized by the variation in composition and structure gradually over
‘volume, resulting in corresponding changes in the properties of the material. The
‘materials can be designed for specific function and applications. Various approaches
‘based on the bulk (particulate processing). preform processing, layer processing and
‘melt processing are used to fabricate the functionally graded materials.
Types of Functionally Graded Materials

At the inception of the development of the functionally graded materials, the
concept was to remove the sharp interface that existed in the traditional composite
‘material, and to replace it with the gradually changing interface, which was
translated into the changing chemical composition of this composite at this interface
region

The porosity gradient functionally graded material is another type of FGM., in

‘which the porosity in the material is made to change with the change in the spatial
‘position in the bulk material. The shape and size of the pore are designed and varied
according to the required properties of the Functionally graded material.
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1- Compositional gradient FGM . 2- Microstructural gradient FGM and 3- porosity
radient FGM

Fabrication Techniques of FGM
‘The fabrication process is one of the most important fields in FGM research. A large
‘part of the research work on FGMs has been dedicated to processing and a large
variety of production methods have been developed for the processing of FGM.
Most of the processes for FGM production are based on a variation of conventional
‘processing methods which are already well established. Methods that are capable of
accommodating a gradation step include powder metallurgy sheet lamination, and
chemical vapor deposition and coating processes. In general, the forming methods
‘used include centrifugal casting slip casting. tape casting . and thermal spraying
‘Which of these production methods is most suitable depends mainly on the material
combination, type of transition function required, and geometry of the desired
component.

Itis moted that powder metallurgy method is one of the most commonly employed techniques due
to is wide range contrl on composition and microstructure and shape forming capabilty. Powder
‘metallurgy offers more advantages by means of the lower costs, higher raw materials availbilty,
simpler processing equipment, lower energy consumption and shorter processing fimes.

Areas of Application of Functionally Graded Materials:

‘The important characteristics of the FGM have made them to be favoured in
almost all the human areas of endeavour. Functionally graded materials are
currently being applied in a number of industries, with a huge potential to be used in
other applications in the future.
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Figure Areas of pplicaionsfo the three types o fnctionally graded materials
The Acrospace Industry

The iniial application where fnctonally raded materials were developed was for
space plane bodies. The pplicaion of s novel material s increased over the years
i the serospace industry. Most aerospace equipment and stuchues are now made
of functonally graded materils. These inchude the rocket engine components, e
spacecraft truss structure, the heat exchange panels. and some structures, such as the
reflectors, the solar panel,the camera housing,th fwbine wheels,th fbine blade
coatings, the nose caps, the leading edge of missles. and space shutfes.
‘Functionally graded mateils are also wsed for the stuetwral walls that combine
thermal and sound inulation propetis.

The Automobile Endustry
The use of functionaly grsded mateils n he sutomobile ity is sl ted st
the moment becauseofte bigh cost o production o fnctionally graded materils
However, the materal i being wsed i very importnt pats of the awtomobile.
where the present igh cost justifis it ue. The presnt splictons inclde the
engin cylnder lners for diesl engine piston, fo the leaf prngs,fr the sprk




