same way that a reinforcing bar increas-
es the strength of concrete. Heat-treating
the casting is when its temperature is
raised to a point lower than the alloy’s
melting point for a period of time. Cast
aluminum is used for parts that don’t
demand high physical strength: casings,
cylinder heads, cylinder barrels and pro-
duction pistons.

If the alloy, instead of being cast
into a finished or semi-finished part, is
formed into a billet, the crystal structure
is much more regular. Rolling the hot,
but not molten, metal helps force the
crystals into alignment, while the tem-
perature exposure helps crystals to dis-
solve and re-form into longer ones. The
result is a dramatic increase in strength
— by a factor of up to five times for
some alloys. The problem of dealing
with billet stock, of course, is that the
process of converting a billet into a fin-
ished part involves machining, which is
expensive. Control pedals and suspen-
sion components are often machined
from billet.

The third basic method of making a
part is forging — beating alloy that’s
heated but not molten into an approxi-
mation of the part’s final shape.
Forging, like rolling, tends to line up the
metal’s grain; unlike rolling, though,
forging orients the crystals so that they
conform more closely to the part’s final
shape, providing the maximum strength.
Forging a part is the most expensive
method of the three: forging itself isn’t
cheap, and subsequent machining is
required. Forging is reserved for high-
performance components, such as con-
necting rods and replacement pistons.

MORE NUMBERS

The question, “How strong is it?” is a
common one. It’s also one that doesn’t
have a simple answer. Any material has
a number of mechanical properties, all
of which are measured differently, and
while an alloy or other material can
excel in one type of strength, it can be
quite poor in another.

The most commonly measured
properties of materials are Ultimate
Tensile Strength (UT), Yield Strength
(Y) and Elongation (%E). UT is mea-

sured by taking a bar of the material and
applying an increasing pull to its ends
until it breaks. Because a bar with a
cross-sectional area of one inch will
require twice the pull to break than one
with a 1/2-inch area will, UT is described
in terms of pounds per square inch, or
thousands of pounds per square inch.
Yield Strength is measured in much the
same way, except that the pull that’s
measured is the force required to perma-
nently deform the material, rather than
that needed to break it. Y is always a
lower number than UT, but it's a more
meaningful one since the usefulness of a
stressed part is gone when the part starts
to permanently deform or take a set.
Elongation is a measure (expressed as a
percentage) of how much the material
will stretch between its yield point and
its ultimate break point; the lower the
elongation, the more brittle the material.

A property related to strength of an

“alloy is its hardness: for a given alloy,

the higher its strength (Yield and
Ultimate Tensile), the harder it is.
Hardness is a convenient property to
specify, as it’s easier to measure than the
other properties. While there are several
ways of measuring hardness, most use a
device that presses a hardened ball or a
diamond-tipped point into the surface of
the alloy being tested and measures how
deeply the surface is penetrated.
Different metals may require different
ball sizes and/or pressures, and these dif-
fering conditions must be specified along
with the hardness numbers. The most
popular hardness measurements are the
Brinell hardness number and the
Rockwell C; while there isn’t an exact
translation between the two systems, the
Brinell number (standard ball) is roughly
10 times the Rockwell C number. A
Brinell number of 300 corresponds to a
Rockwell C of 32. For softer alloys
(Brinell numbers below 100) a Rockwell
B or F scale is generally used. Rockwell
B numbers are approximately equal to
Brinell numbers.

The table on page 24 shows the
Ultimate Tensile Strength, Yield
Strength, Elongation and Brinell
Hardness of various popular aluminum
alloys, as well as their composition.ll
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