The Beam Engine
By Ron Provis

Assembly Guide

PREAMBLE
I have tried to keep the hardware requirements in this project to a minimum, so the main nuts and
bolts are included in the printed parts, the bolts are not threaded and the nuts must be glued in place.
If you do not add the motor drive unit then you will only need 10 (M2 x 9mm) self tapping screws
to complete the model. Even these screws can be omitted if you use glue on these parts instead of
the screws, the screw help to align some of the important parts, so I do recommend using them.
The drive unit uses two printed parts plus a motor, switch, battery clip, some wire and the most
important part of all, a short length of silicon tube. A little bit of soldering is also needed. You will
of course also need one AA battery.
This drive unit can always be added later if you wish.
The hardware parts can be sourced from most model shops or online. Full details of the parts can be
found in the parts list at the end of this document.
I did allow some clearance for the bolts and pivot points in the 3d files but I found that I still had to
clean out all of the holes with a drill or a small file, This seems to be normal with printed parts
when the holes are quit small. The flow rate of the printer will also have some effect on this.
Please note:
This thing will not work unless the pivot points are a little bit on the loose side.
I used PLA which does tend to bind a bit, but I guess ABS will be just the same.
I printed with a 0.2mm nozzle and 30% honeycomb infill and 0.2mm layer height.
The 3D files are all orientated ready for printing and no support material is needed.
All of the non moving parts are glued in place. Do not use super glue as this will not give you any
time to align the part before it sets.
I used two part 5 minute epoxy and held each part in place until it set. This is a bit time consuming
as you need to mix a small amount of glue for each step, I guess you could always print a load of
small mixing trays, or just use a bit of cardboard as I did.
Always do a dry run before glueing anything, just to make sure it all fits together properly.
I recommend that you print and prepare all of the parts before you start the assembly.
The bottom surface of printed parts usually end up with a slight flange around the edge, this can be
removed with some fine sand paper or a small file.
The contrasting colours in the illustrations should help clarify the assembly procedures.
It is important to follow the order of assembly as shown in each step.
Tip of the day: Wet any parts that you do not want the glue to stick to including your fingers.
This model and all of the illustrations were created using FreeCad with some help from Paint Shop
Pro.
I hope you enjoy this project as much as I have!

STEP 1:
Start by gluing the two identical half flywheel parts together, make sure the centre hole and spokes
are perfectly aligned. Remove any excess glue with a cloth. Some clothes pegs or bulldog clips can
be used to hold it together while the glue sets.
STEP 2:
Glue the two base units together and place on a flat surface as shown, the bottom edges must also be
perfectly aligned while the glue sets. Next glue the two floor sections into the recess at the top of
the base unit.

STEP 3:
Before assembling the crankshaft you will need to run an M2 self tapping screw into the hole on
each end of the crankshaft half's. Rotate the screw back and forth a bit as you screw it into the hole.
The screws need only go ¾ there length into the hole. Now the holes have been tapped you can
remove the screws.
The printed jig is essential to the next part of the assembly so make sure you have it to hand.
A dry run of this step is defiantly a good idea and remember that tip of the day above.
Place the crank rod and the two printed washers onto the crank pin and smear a small amount of
glue around the inside of the large holes on the two crank shaft parts. Press these parts onto the
crank pin and immediately place the assembly into the jig.
The crank pin must be flush with the crank shaft holes at both ends.
While holding the parts into the corner of the jig, rotate the crank rod a bit as the glue sets.
The washers will help to keep the glue away from the crank rod. It will not matter if the washers
get glued to the crankshaft but the rod must have free movement.

When the glue is set the crankshaft should be perfectly aligned. Let the glue harden for while before
fitting the crankshaft to the base unit with the bearing blocks and four M2 self tapping screws.
The raised face of the bearing blocks must face inwards.
When fitting the screws, use the same tapping technique as described above.
If the crankshaft does not rotate freely in the bearing blocks then you will need to remove them and
file out any high spots, remove any filing dust before reassembling.
Don't use any grease or oil on the bearings, from my experience it does not help on plastic parts.

STEP 4:
Insert the valve control shaft into the upper section of the valve control housing making sure it
rotates freely, then with a small dab of glue fit the shaft retainer. Don't let the glue touch the housing
part. Now glue the two levers and the pressure gauge onto the housing.
Glue the lower housing onto the base unit making sure the hole on the side is facing outwards as
shown, then align and glue the upper and lower housings together.

Using 4 M2 self tapping screws, fix the beam bearing blocks and the fork arm plate to the pillar
section. Note the arms must face the opposite direction to the slot in the bottom of the pillar.
Use the the same method of tapping the screws into the holes as before. The raised face on the
bearing blocks must face inwards. At this point it is worth checking that the slot in the pillar will
fit over the notch in the centre recess on the base unit, clean the slot out a bit if necessary.
Also check that the base ring will fit over the base of the pillar.
Do not glue the pillar in place yet.
STEP 5:
First use a bit of fine sand paper on the piston rod to make it nice and smooth.
Although the long pin on the side linkage arm is going to be glued into the socket of the opposite
arm, it must move freely in the hole at this stage, or you will not be able to align them when gluing.
This pin can break easily so be careful not to apply any pressure on it. The same is true for the
plastic bolts used on the linkage parts. The piston rod must also move freely between the two inner
linkage parts. All of the holes can afford to be just a little bit on the sloppy side.
The parts shown in red must be glued together without getting any glue on the other parts.
It is best to glue them one at a time letting the first set before gluing the next as follows.
Insert the pinned arm and the bolt into the linkage parts with the piston rod located in the centre.
Lay the parts on a flat surface as shown, put a tiny bit of glue in the hole of the outer arm and push
the pinned arm into the glued hole.
Make sure the two arms lay flat and parallel on the surface. Move the linkage next to the glued
hole as it sets to make sure it stays free.
Now place the nut onto the bolt and add a dab of glue on the outside of the nut to fix it onto the bolt.

STEP 6:
The two halves of the beam must not be glued together. They will be held in place by the plastic
bolts, you will see the reason for this later.
Temporarily place the large plastic bolt through the two half's of the beam and make sure the beam
parts move freely on the bolt.
Now attach the short linkage parts to one end of the beam with plastic nuts and bolts, use a dab of
glue on the outside of the nuts to secure them.
Place the beam into the pillar bearing assembly, re-fit the large bolt and secure the bolt with the
large nut and a dab of glue.
Now attach the outer linkage arms to the fork arms with the two short plastic bolts, again using a
dab of glue on the outside of the nuts.

STEP 7:
Before continuing with the assembly, make sure the cylinder will fit into the recess on the base unit
with the slot facing left, it must sit perfectly vertical in the recess. Do not glue this yet.
First glue the cylinder top plate onto the main cylinder keeping the edge flush with the lip at the top
of the cylinder. Now slide the cylinder onto the piston rod, a good sloppy fit here will do just fine.
Glue the piston onto the rod and hold the cylinder up from the piston until the glue has set.

Now glue the cylinder only, not the pillar onto the base while holding the pillar on the centre
recess, make sure the cylinder is aligned on the notch and is standing vertically and let the glue set.
Now glue the the pillar base ring and the pillar onto the base unit. Before the glue sets, view the
pillar from the front and side to make sure it is standing vertically, also check that the piston rod can
move freely up and down in the cylinder while doing this.

STEP 8:
Remove any roughness on the outside rim of the flywheel with a bit fine sandpaper and then fit the
flywheel onto the crankshaft, a close fit is good but it must not be tight. The optional plastic spacer
is only necessary if the flywheel is likely rub on the side of the base unit, it will need to be very
close if the drive unit is going to be used. Use a retainer cup and another M2 self tapping screw to
hold the flywheel in place.
Hold the centre section of the crankshaft while fitting the screw. Do not over tighten this.
Now spread the ends of the beam just enough to clip the crank rod into place. This is why the beam
half's are not glued together. A nut and bolt is not required but you can fit one if you wish, the bolt
will need to be trimmed a bit shorter than the others.

Now slide the cam parts onto the crankshaft with the cam arm located on the eccentric part, add the
pulley wheel and secure all of this with another retainer cup and screw.
The the eccentric offset should be to the right when the crank centre is at the bottom. Nothing bad
will happen if this is not in the correct position. The cam arm must have free movement after the
screw is tightened.

Connect the other end of the cam arm to the valve control shaft and secure with a nut and a dab of
glue. Again this must have free movement.
Glue the pipe flanges onto the two long pipes and then glue all of the pipe in position as shown.
The smaller part of the cylinder cladding can be glued in position by placing it on the cylinder and
rotating it around until it touches the pipe on the cylinder. Clean any glue of the exposed part of the
cylinder. The larger part of the cladding can be clipped into place or removed to show the piston.

STEP 9:
The screws holding the bearing blocks can be hidden by gluing the screw caps on top of them.
You may need a tweezers to do this. Glue the two parts of the ladder together and glue it to the side
of the base unit, or just have it as a removable part.

STEP 10: The Motor Drive Unit
First make sure the motor clamp can pivot freely on the pivot plate, and tap a screw into the hole
on the pivot post, not all the way through, just a bit. Then remove the screw.
The drive unit uses a 3-6 volt motor that is powered only by a single 1.5 volt battery! This does
work, provided the flywheel turns without any binding.
First push a short length of silicone tubing onto the motor shaft. The shaft is 2mm but the tube is
only 1mm internal diameter, so it will be tight. This stuff looks like spaghetti in 1 metre lengths.
Glue the battery holder onto the printed motor clamp + side to the right. Push the motor into the
clamp, cut the wires to length and solder them onto the battery holder, motor and switch feeding the
wire through the holes in the plastic clamp as shown below.
Test that everything works with a battery fitted before using a little bit of glue to hold the switch
in the socket, be careful not to gum up the switch movement with glue. You may not even need any
glue if the switch fits nice and snug.

Now glue the pivot plate into place against the rib inside the base unit with the bottom edge lined up
with the bottom edge of the base unit. The pivot post is at the top.
When the glue is set, slide the competed drive unit with battery fitted onto the post.
Insert the self tapping screw into the post to retain the drive unit, this only needs to be finger tight.
The drive unit only works when the model is standing vertically and you may need to glue some
additional weight under the switch if the motor shaft does not press against the flywheel.
I used a rechargeable battery and no extra weight was needed. Adjust the position of the motor in
the clamp if necessary.
The beam engine is now complete.

Printed Parts List
Part Description

Quantity
Required

Comment

Base A

1

Base B

1

Beam Bearing Block

2

Beam Half

2

Big Pipe Flange

1

Cam Arm

1

Cam Part A

1

Cam Part B

1

Cladding Part A

1

Cladding Part B

1

Control Lever

2

Crank Bearing Block

2

Crank Jig

1

Crank Half

2

Crank Pin

1

Crank Rod

1

Crank Spacer

2

Cylinder Top

1

Floor A

1

Floor B

1

Flywheel Half

2

Fork Arm Plate

1

Fork Bolt

2

Ladder Part A

1

Ladder Part B

1

Large Bolt

1

Large Nut

1

Linkage Bolt

3 min

You may wont to print a few extras.

Linkage Nut

6 min

You may wont to print a few extras.

Long Link

2

Long Pipe A

1

Long Pipe B

1

Main Cylinder

1

Optional Spacer

1

Pillar Base Ring

1

Pillar

1

Piston Rod

1

This is the removable part.
These are bigger than the beam bearing blocks.

Only used if the flywheel is rubbing on the base unit. Rotating the
flywheel position on the shaft may solve this anyway.

Piston

1

Pressure Gauge

1

Pulley Wheel

1

Retainer Cup

2

Screw Cap

8

Short Link

4

Short Pipe

1

Side Link Pinned

1

Side Link Socket

1

Small Pipe Flange

1

Valve Control Housing Lower

1

Valve Control Housing Upper

1

Valve Control Shaft Retainer

1

Valve Control Shaft

1

Motor Clamp

1

Pivot Plate

1

Hardware Parts List
Part Description

Quantity
Required

Comment

Battery

1

1.5v AA

Battery Holder

1

Single AA Type. You can buy these with or without wires
attached. The one I used did not have any wires.

Motor

1

3-6 volt Main Body length 25mm Diameter 20mm / 15mm across
the flat sides with 2mm Diameter Shaft. Shaft length 9mm or
longer. The motors used in those yellow Arduino robot gear boxes
are ideal and cheep.

Screws

11

M2 x 9mm Self tapping.

Silicone Tubing

1

Diameter Internal 1mm / External 2mm Normally Sold in 1M
lengths. I found it on eBay.

Switch

1

Miniature SPDT Slide Type 10 x 5 x 12mm (L*W*H)
Normally sold in quantity from China, very cheep!
Other types can be used, but they will need to be located
somewhere else on the model.

Wire

100mm

Any Small diameter hookup wire 1-1.5mm od. Stranded is best.

