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They say size matters,
Turns out direction matters too!
A Cautionary Tale

I use a little CNC machine, from China, where else, mostly for PCB prototyping. It has three
axes, but only a 4" depth of cut, but it can take a routing/engraving head, a 5W laser head,
with which I scare the living bijeesus out of myself, and as of recently it can use a permanent
marker pen to mark copper clad board. The pen attachment lets me make simple board
layouts, but also lets me plot where the head is going to go for other uses, like routing,
engraving, drilling etc.
I initially tried to use a simple clamp to hold the pen, so that it moved in parallel with the
router spindle, but this had a couple of problems. Firstly too much of the pen was below the
clamp, so the pen could ‘slop’ left and right, distorting the plot it was making. Secondly
getting the pen to touch the plot with just enough force to draw, without going through the
plot or breaking the nib, was very difficult. It wasn’t a big deal and I had other stuff to get on
with, so I let it go. However, during lockdown I found myself with enough time to get around
to trying to solve some of the problems like that. Confession time, I am thoroughly enjoying
lockdown for all my own selfish reasons, I hope it goes on for years!
Someone on the internet, specifically on Youtube1, had encoutered the same issues and had
built what he calls an ‘over engineered’ pen holder.
Two pieces of 8mm smooth rod are
supported vertically. Two linear bearings
running on these smooth rods allow the
pen clip to slide up and down, gravity
and a tiny rubber band force the pen clip
down, and when the pen touches the
surface it can push the pen clip up
against the force of the rubber band.
It is effectively a mini-linear axis.
I like the look of it, and had a couple of
linear bearings lying about, A length of
smooth rod salvaged from a printer by
Davy D and I was off to the races!
First job, print the parts.
Figure 1 Looks straightfordward enough

The youtube user ( details at the end ) had helpfully provided a link to his parts on
thingiverse2, so it was the work of but a moment to download them and look at them.
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Figure 2 Downloaded STL looks good

The part on the left is the “body” of the pen holder. Two pairs of clips are used to hold the
little pieces of smooth rod in place, and parallel. It attaches to the machine, in his case a
hypercube 3D Printer, but I could make it fit my CNC. The middle part has two clips to take
the linear bearings, and the pen clip rises vertically between them. Lastly a little printed knob is
used to drive a nut to squeeze the clip on to the pen. All very straightforward. An hour printed
these parts, all arranged on the bed of my printer just like that!

Figure 3 Should’ve noticed the issue by this stage.
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As soon as I tried to put the thing together, by which I mean a trial fit, I knew I had a
problem.
I popped a pen into the clip, and the clip promptly broke. I squeezed a linear bearing in to
position and it went ok, but just looking at it, it became apparent that it too would break the
plastic with only the slightest of provocation.

Figure 4 Notice the cracks in the pen holder and the frontmost LB support

The problem here is the direction that the layers on the FDM print run. In the photo above you
can see the layers and that the forces imposed by the pen nut tightening, or the LB being
forced, tend to delaminate small areas of filament layer.
The fix is to make at least the middle piece with the layers running across the lines of stress
imposed by the forces caused by the pen / Linear Bearings. Initially it looks like this could be
solved by simply rotating the part through 90 degrees. However this brings it’s own
problems. The “sticky out” bits, cannot be printed simply in that orientation. The 3D printer
cant start a new filament layer on top of thin air, and so extensive supports had to be
incoporated to get the part to print at all.
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Once the part was printed ‘this way up’ all of these supports had to be removed using a
scalpel, and this operation took longer than actually printing the part. However, spare time is
something I’ve got a bit of at the minute, so it was soon done and the over engineered pen
holder is now in use.
Lessons learned:
Always be critical of the way layers of filament run. FDM filament is strong in tension and in
compression, but the layers have practically no strength under shear loading.
As ever if you have an idea or comment let us know, via the WoSAG forum3.

Chic
(chic@computer.org )
1. https://www.youtube.com/watch?v=HciNR-tskwQ&t=439s
2.https://www.thingiverse.com/thing:2459624
3.http://www.wosag.org.uk/forum/
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