
Comparing different candidate gantry sections
PS 18-02-2019

Lets start  with  a typical  construction extrusion. The aim is to have the most rigid and
lightest gantry beam.

If  we  take the  80mmx80mm construction  section  above,  what  aluminium square  tube
section is eqivalent to it in stiffness?

Inertia  (I)  or  I=1/12xH3xW  so  in  this  case  using  a  calculator:  The  Inertia  of
80x80x0.43=125cm4 which is the same as the extrusion. It weighs 3.5kg/m which is lighter
then the construction extrusion.

This  shows  that  the  construction  extrusion  although  convenient  is  not  very  efficent
structurally. If we pick a wall thickness of 2mm and figure out the side length for equal
stiffness we get 100mmx100mmx2mm. This weighs 2.1kg/m which is less then half the
weight of the construction extrusion.  There still is the issue of connections but I think the
plain  sections  are  well  ahead  once  the  connections  ie  welding,  bolting  or  gluing  are
incorporated.

What about steel?

To compare different materials we need to become comfortable with the concept of Rigidity
(R). Materials have different modulii or stiffness. So if we have a steel tube the same size
as an aluminium tube they have different rigidity. The steel section is about 3x stiffer then
the aluminium one for instance. Rigidity is the combination of the geometric inertia and the
material stiffness ie expressed as R=I.E  Material stiffness is expressed as a number and
steel has a stiffness of 200GPa while aluminium is 70GPa.

So the aluminium section we are looking at has a rigidity of 70GPa x125cm4 or  8750
GPa.cm4. So if we design a steel section that has the same rigidity it will deflect the same
distance  under  the  same  loading.   Ie  the  steel  sections  inertia  needs  to  be
8750/200=44cm4. If the section is 2mm thick then it would be a 71mmx71mmx2mm square
to have the same rigidity as the extrusion.
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So now what about weight?

The  aluminium  construction  section  weighs  5kg/m.  The  optimised  aluminium  section
weighs 2.1kg/m and the 71x71x2mm steel  section weighs 4.3kg/m.  Since we have to
move the gantry every time we want to do something its worthwhile reducing its mass. If
size is not a limiting factor then aluminium will always make a lighter and stiffer section
than steel.  But you do need to do the math to ensure this is the case!! Very thin and small
steel tubes can compete with aluminium but once size gets up a bit aluminium takes over
as the best candidate for the gantry and most other structures. For instance lightweight
bicycle frames have moved from steel to aluminium to composites for this very reason.

Hope you have found this useful... until next time, keep making.

Image showing a simulation of the steel and aluminium tubes. The large aluminium tube
deflects the same distance as the smaller steel tube yet the aluminium tube is half the
weight of the steel tube. Each cantilever tube is 1000mm long and has 100kg hanging on
its end. 
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