E5.13 A material is required for the blade of a rotary lawn-mower.
Cost is a consideration. For safety reasons, the designer specified
a minimum fracture toughness for the blade: it is K 1c > 30 MPa
m1/2. The other mechanical requirement is for high hardness, H,
to minimize blade wear. Hardness, in applications like this one, is
related to strength:
H

where

f
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is the strength (Chapter 4 gives a fuller definition).

Use the K 1c
that have K 1c

f chart of Figure 4.8 to identify three materials
> 30 MPa m1/2 and the highest possible strength.

To do this, position a " K 1c " selection line at 30 MPa m1/2 and
then adjust a "strength" selection line such that it just admits three
candidates. Use the Cost chart of Figure 4.19 to rank your
selection by material cost, hence making a final selection.
Answer. Applying the property limit K 1c > 30 MPam1/2, and reading
of materials with
800 MPa, gives three groups of materials.
f
Chart 4.19 identifies the price of each of these per unit volume.
The steels are far cheaper than the other two.
Material
High-strength steels
Nickel alloys
Titanium alloys

Comment
Traditional material for blades
Meets the requirements, but more
expensive than steel
Meets the requirements, but MUCH more
expensive than steel.
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E5.14 Bells ring because they have a low loss (or damping)
coefficient, ; a high damping gives a dead sound. Use the Loss
coefficient – Modulus (
E ) chart of Figure 4.9 to identify
material that should make good bells.
Answer. Materials with low loss coefficient, any of which could be used
to make a bell, are listed below.
Material
Copper alloys
Glass, silica, SiO2
Ceramics: Al2O3, SiC

Comment
The traditional material for bells:
bronzes and brasses
Glass makes excellent bells
Unusual choice, expensive, but
should work.

E5.15. Use the Loss coefficient-Modulus (
E ) chart (Figure 4.9) to
find metals with the highest possible damping.
Answer. Lead alloys have very high damping – they are used to clad
buildings to deaden sound and vibration. Magnesium alloys also
have high damping: they are used to dampen vibration in machine
tools.
Material
Lead alloys
Magnesium alloys

Comment
Used to clad buildings to damp sound and
vibration
Used to damp vibration in machine tools
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