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Metals: direct proportionality between thermal and electrical conductivity:

A =C-o, [C=constant]
The equation can be rewritten introducing electrical resistivity:
A=C/p,
Again, by applying logarithms:
Log A = Log C—Log p,
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Loss coefficient, i, at 30°C

Materials for vibration damping or ‘bright’ sound
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Loss coefficient, i, at 30°C

Materials for vibration damping or ‘bright’ sound
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Graphical selection (dual-property): materials for high speed of sound

v=C-(E/p)°

[C = material-independent constant]

The ratio E/p is an obvious performance index, expressed as the transmission og

mechanical waves:

I=E/p
Leading to:
Log/=LogE—-Logp

LogE=Logp + Log/

Dual-property graph
Parellel lines for given values of v
Pay attention to the SIGN (+/-)

[Index in form of ratio: positive slope;

Index in form of product:
negative slope]
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Optimizing stiffness (of structures)

(a) Tension: tie

second
moment of

(b) Bending: beam
-

(c) Torsion: shaft

(d) Compression: column

R L -



Tie rods (pull-rods), #1: control of cross-section area

* macroscopic deformation, o, defined as elongation AL, by definition
equal to €-L (L is the length);

* 'Elongational’ stiffness (measuring the resistance of the structure
against elongation) easily correlated to elastic modulus, according to
Hooke's law:

F F o-A
S=—=—=—
o AL sL

—fg.4
L

Let's fix @ minimum value of stiffness (obviously related to a
maximum elongation, for a given applied force F):

5 2 Smin = 3

Bmax
A 1 1
E'Zzsmin_)AZSmin'L'E_)AzFSArea'E

At a given threshold stiffness value (S,,), or maximum deformation (0,,,,),
the cross-section area may be reduced adopting materials with high elastic

modulus. Elastic modulus is an index of section area



Tie rods (pull-rods), #2: control of mass

F
5 2 Smin =
(Smax
Let's express the equation according to the mass:
4_ KL > 2, P > P
E-Z—E-ID.L2 = Smin 2 M = Spin L -E—>m_FSm-E

At a given minimum stiffness, or maximum sustainable
deformation, mass may be minimized adopting materials with high
E/p ratio.This ratio is an index of mass.

m E E
Smin SL_z';_)smin = FSSmin';
At a given mass the minimum stiffness may be increased, i.e. the
maximum deformation may be decreased, by increasing E/p.
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Optimization of other properties
In general:

from which:
n

Logl = Log (?) =n-LogE — Logp
LogE = ! L + - Logl
0gL = n ogp n 0g

mZFSm-%

* In many cases we are not interested at minimizing masses, but attributes that are

linearly dependent on mass
* The costs of a component, C, derives from the price (cost for unit mass), C, of the

adopted material:

p-C
C=Cp,-m-C=FS, - En’"
E* E™
I: =
p-Cn Gy

where C, is now the cost per unit volume; a new selection graph will have

elastic modulus against C,.
* Similar expressions rule production energy, carbon footprint...
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Optimum solution

Cellular solid or honeycomb (variant of cellular solid) in glass or
glass-ceramic material with extremely low thermal expansion
coefficient

E.g. Schott Zerodur® glass-ceramics [www.schott.com]



http://www.schott.com/advanced_optics/english/download/schott_newsletter_ao_january_2010_en.pdf
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