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The sheet maps at the back of the
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Thank you very much for buying the Tredecimus clock kit.
The Tredecimus is the thirteenth clock that I have offered on Woodentimes

and I would say my most complex, which is also why this is my longest
instruction manual.

From here onwards the rest depends upon you with your diligence,
dexterity and patience to turn this box with hundreds of parts into a fully
functioning clock, which, when finished, nobody will be able to walk past
without admiring.

Firstly read through the instructions so you get a feel for what lies ahead,
take a look at all the tutorials and check out the 3D models, it will all help to
better understand the task in front of you.

And lastly, but probably the most important, take your time. The quicker
you build the easier you will make mistakes. You need time to sand, treat and
polish so take it.

Happy Building
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     HARDWARE

ITEM QUANTITY

6/13/5 Ball bearing 2
3/7/3  Ball bearings 12
Cap Nuts 11
M4 Drive-in nut 4
Magnet 10/5/3 1
Ø 3mm Coupling 12
Ø 4mm Ring stop 3
Ø 3mm Ring stop 10
Ø 2mm Ring stop 1
M3/40 mm Screw 3
M3/25 mm Screw 4
M3/20 mm Screw 7
M3/8 mm Screw 1
M3  Pan headed shoulder screws 4
Ø 3.5 mm Spring 2
Ø 45 mm Washer 1
Ø 4 mm/ 500 mm Carbon rods 2
Ø 25 mm Metal balls 6
Ø 3mm Round file 1
1.5 mm Allen key 1
Ø  25 mm Foam rubber pad 4
Ø  3 mm Washer 2
Ø 2.5 mm Drill 1
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ITEM QUANTITY
NEMA 11 Stepper motor 1
Arduino Nano 1
Stepper motor driver 1
Male-Female cables 10
Female-Female cables 10
8 x Screw terminal 1
Reed switch 1
M2.5/8 mm Screw 6
M3/8 mm Screw 3
M3 Nut 1

     MOTOR HARDWARE

ITEM QUANTITY
M4/330 mm Steel threaded rod 2
OD 6 mm ID 4 mm/330 mm Brass tube 1
OD 4 mm ID 3 mm/250 mm Brass tube 1
0 3 mm/250 mm Brass rod 3
0 4 mm/120 mm Brass rod 1
0 6 mm/120 mm Brass rod 1
0 6 mm Pendulum brass rod 2
0 4 mm/500 mm Carbon rod 2
0 2 mm/250 mm Brass rod 2

      RODS AND TUBES

             WOOD

ITEM QUANTITY
6 mm Thick 250 mm/500 mm 2
4 mm Thick 250 mm/500 mm 2
3 mm Thick 250 mm/500 mm 1
4 mm Thick 250 mm/120 mm 1
4 mm Thick 80 mm/80 mm 1
6 mm Thick 170 mm/ 260 mm 1
28 mm Thick 200 mm/ 290 mm 1
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      WHAT YOU WILL NEED

Wood Glue
There are many types of wood glue on the market, but I have always had

good results with a standard PVA wood glue (white glue). Before it dries it can be
removed with a damp cloth and dries transparent.

Epoxy Resin
    I use a 2 component quick drying epoxy resin.

Sand Paper
Shop around for good quality sand paper, the sheets you mostly get at the

local hardware store are of such bad quality that after one or two uses the grit
has become unstuck and you are just left with some expensive paper. The best
kind is cloth backed, a good source for this are the belts used for belt sanders. I
use only 120 and 180 on my clocks. For the thinning and polishing of the brass
arbors  you will also need a fine grade wet and dry (600) as well as fine grade
steel wool.

Screw Driver
Standard slot-head medium screw driver and a small electrician´s one for
the screw terminals.

Hacksaw
         The brass arbors need to be cut to length, so a hacksaw would be bare
minimum. Of course if you have a Dremel or angle grinder then even better.

Drill Press/Drill
You will find the polishing of the brass parts easier if you have a dedicated

drill press, but of course a drill stand and electric drill does the job just as well.
Not an absolute must, but it would make life a little easier.
You can also polish/thin the arbors in a hand held drill, just not as comfortably.
You will however need a hand held drill in order to screw in various arbors and
rods.
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Clamps
 I prefer to use spring clamps which

are available in various sizes and are a
lot easier to use than G-clamps for the
delicate work of assembling a wooden
clock.

Needle Files
  Normally needle files can be bought in packs of 5/6 with a selection of
various forms. You will however need a straight flat/square file no thicker than
3mm.

I have also included a 03 mm round file in the kit.

Wire Stripper
Not an absolute essential but very convenient when stripping the wires for

the motor.

Hammer
A smooth engineer´s hammer , it

does not need to be that heavy as we
are assembling a clock, not building a
house

This is by no means a definitive list, a vice for instance would be a nice
addition but not essential, certainly no vast machine park could ever replace
skill and ingenuity.

Online tutorials
There are online tutorials, each one handling a specific part of the

Tredecimus.  When you see this symbol in the instructions that means  there is
a tutorial for that part of the clock.

In the PDF version the symbol is directly clickable/linked to the video.
You can find all the tutorials on the Woodentimes/Tredecimus web site.
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 Orientation
A lot of the Tredecimus parts must be assembled with a specific orientation,

wherever this applies there is either a mention in the text and/or  it is shown in
the plans, 3D online model and/or photos.

Before you do any gluing do a dry run and double check that you have the
correct part in the correct position and with the correct orientation, some of the
parts when glued will be as good as impossible to separate.

You can of course get spare parts from me if anything should go wrong but
that involves cost, time and frustration.

 Tolerances
The Tredecimus utilises various materials which need to work with each

other but are not necessarily of equal tolerance.
The plywood for the cogs etc. is made of 2 plies for each 1 mm, so for a 4

mm thickness that is 8 layers therefore the slightest variations will be increased
by factor 8, the ply is as good as never 4 mm but mostly thicker even by as much
as 0,5 mm.

The ball bearings are precision made, the brass rods that sit in the bearings
however are generally slightly thicker.

All the arbors that run in ball bearings will need to be thinned to such an
extent that the arbor can slide through the bearing without any friction whatso-
ever, this is very important as failure to do so can and probably will prevent your
clock from working.

Just place the arbor in a drill and with it turning thin firstly with 600 grade
wet and dry sandpaper, once the arbor slides easily into the bearing polish with
some fine steel wool.

Part Names
All parts have a suffix which correspond to the numbers on the plywood

sheet plans found at the back of these instructions.
For example if you need the Minute Hand which has the suffix 16C you will

find it on sheet C number 16.
    Some parts share the same suffix, these parts are identical and
interchangeable.

To prevent confusion only break out the required piece when you need it.

The tutorial is for the
Sextus but also applies
to the Tredecimus.

https://youtu.be/FKpRrlZuuZo
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On The Arbor
Pretty much all the turning parts of the Tredecimus are either

tightened/glued or are turning on an arbor/brass rod.
So if parts need to be glued together and they have any brass rods or ar-

bors going through them then you must insert the rod during gluing in order
to orientate the pieces accordingly, just make sure to remove the rod before the
glue sets completely.

As mentioned above tolerances can vary so if a part is very tight on the
arbor/rod then use the included  03
mm file to slightly widen the hole.

Here you can see the drop
weight (see page 50) being glued to-
gether, one of its arbors A is glued
permanently in place and one is only
a short piece of scrap B used only to
orientate the pieces and will be re-
moved before the glue sets.

Because the amount of glue used
is tiny I put a drop of glue on some scrap
and use a toothpick to apply the glue.

The included 03 mm file is  be-
cause of its cut slightly thicker than 3
mm, as with the drop weight which
must turn easily on the arbor, use the
file to clean up the hole once the glue
has dried.

     The files cut is actually helical so
you will find it easier to turn the file clock-wise into the hole rather than
pushing it in. A couple of turns in and out will smooth/widen the hole enough
to allow the part to turn easily without becoming too loose.

I have marked all  the holes that must turn easily on the arbor/rod with this
symbol.

A

B



BEFORE YOU START10

 Rod and Tube lengths
At the back of the instructions you can find charts showing where to cut

the rods and tubes.

Treating
The Tredecimus requires no finish whatsoever so any treating you do will be

purely for aesthetics.
Pretty much everything is allowed, just be careful with the cog´s contacting

surfaces. Any finish that develops a surface will eventually wear off and make the
surfaces very rough which could even stop your clock.

For all parts that I treat I firstly use a sanding primer which fills most imper-
fections but more importantly seals the wood. This is very important with ply-
wood as the layers will absorb the finish differently. I then sand smooth and
continue with the desired finish.

I used a satin gloss clear PU varnish for the base which I applied in 3 layers
with a small sponge roller, sanding between each layer.

For the frame I used a standard off-the-shelf spray can in the colour choco-
late, also satin gloss.

I further used a black spray can on the ball races and white for the hands.
The cogs require no treatment whatsoever and I have left them “as is” on all

my clocks. I then use a darker colour for the frame which highlights the almost
white cogs.

Obviously there are literally thousands of finishes you could choose from
but if this is one of your first attempts I would strongly recommend first trying
the finish on a few scrap pieces, especially with the frame sheet you have more
than enough leftover to experiment on.  It is very frustrating to spend time sand-
ing off a botched finish, been there, done that and cursed every second!

From start to finish
 I recommend you completely read the instructions before you start, howev-
er it is a must that you read and understand each section from start to finish be-
fore you start on that part of the clock.
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 Front frame (part 1)

Front frame (part 2)

 Main Frame

 Middle Frame

Rear Frame
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23 mm4 mm

FRONT  Front Frame (part 1)

 Front Frame (part 2)

 Main Frame

 Middle Frame

 Rear Frame

The frame is made up of 4 parts which I have named from front to rear to
make identification easier.

 The front frame is made up of 2 parts glued together, but before they are
glued a hole should be drilled for the 0 2 mm/40 mm bar (see page 58) in
front frame (part 2).

Use the 0 2 mm drill to drill a through hole. If you do not have a drill
press, try to be as accurate and straight as possible, but as the bar is only 0 2
mm you can correct any inaccuracy by simply bending it later.

TOP VIEW
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Parts 1 and 2 of the front frame need to be glued together. As you can
see above there are 2 holes on each part that are 0 3 mm, they are used for ori-
entation of the parts during gluing.

The pins should be roughly 6 mm in length, do a dry run to check that
the pins are not too long and also to see where glue needs to be applied. The
pins of course are left in permanently.
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 Middle  and rear frame also support the upper ball race (see page 35),
frame middle top support as well as the race holder (1B) need to have the cor-
ners shown above filed square (see page 34). Race holder (1B) should be glued
into the mortise, the top of the holder being flush with the top of the frame.

The next step is to press all the ball bearings into the frame. If you wish to
treat the frame, you should do so before you add the bearings. I would also
recommend treating the base parts at the same time.

The Tredecimus uses 2 kinds of closed precision bearings, 6/13/5 and
3/7/3. The first number is the inner diameter, the second the outer diameter
and the third is the thickness of the bearing.

Normally the bearings can be just pushed in. It is important that the
bearing just starts to bite and is straight before you start pushing. If you have
treated the frame it might be necessary to file the lip of the hole slightly in or-
der to get some purchase. If the bearing is too loose then a small amount of
wood glue on the hole walls will secure the bearing.

I use a smooth faced hammer which allows me to apply enough force to
push the bearings home. If you are struggling to push the bearings in then you
could hammer them in, but use a piece of scrap wood or similar between bear-
ing and hammer. The  bearings should sit flush with the frame surface.

1B
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3/7/3

3/7/3

3/7/3

6/13/5

3/7/3

3/7/3

3/7/3

3/7/3

3/7/3

3/7/33/7/3

3/7/3

3/7/3

6/13/5

The main frame  is
almost symmetrical
apart from this hole
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 Main Frame

 Middle Frame

Note position of
asymmetrical hole
in the  main frame

The  main and middle frame are
glued into the 6 mm base cover. If you are
treating either mask the tenons or sand
off the treatment before gluing. To in-
crease the stability, the four lugs, which
can be found on the base cover sheet, are
glued onto the tenons and base cover.

Before the glue sets, make
sure  the frame parts are at right
angles to the cover.
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The ball races each have a slight
decline to ensure they travel in the
right direction at the correct speed.

If the clock is not level then de-
pending on the amount it could hap-
pen that the balls do not move on the
races correctly, however the clock
must be very out of level in order to
affect the running of the balls.

The feet are screwed into the
base using the drive in nuts, one on
each corner. As the base is hard wood you will need to hammer in the nuts.

4F 5F

4G

To protect the motor and keep
the bottom of the base tidy, there is a
cover which should be screwed to the
bottom of the base.

You will need to drill the 4 screw
holes with the included 02.5 mm drill.

53 mm

14 mm

Drill one hole, does not
matter which, and to prevent
the cover from sliding around,
screw it tight with a M3/20
mm screw, drill a second hole
and also screw tight, now you
can drill the rest without the
cover moving at all.

You can now remove the
cover as you will first need it
when the motor is in place.
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You can now glue the base cover to
the base.

On the top of the base I only treat-
ed a strip around the edge of about 25
mm leaving an untreated space in the
middle. I also did not treat the underside
of the base cover. This allowed me to use
normal wood glue.

The  lugs will centralise the base
cover, but as there is some play just
check that the base cover is sitting paral-
lel to the base.

1F

0 4 mm/25 mm
Threaded rod

1G

The feet are glued together from
parts 1F and 1G. Using a drill, screw a
piece of 0 4mm/25mm threaded rod
into the hole in 1G . Be careful not to
screw in too far as the rod will push
against 1F and split the joint.

Using the rod you can put the
foot in a drill and use the rotary mo-
tion to sand the foot smooth, as in a
lathe.

After masking the rod I sprayed
the feet matt black and added a foam
rubber pad.

Screw all 4 feet in tight and
when your clock is up and running,
use a level to ensure the clock stands
correctly.
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  Front Frame

 Main Frame

Middle Frame

 Rear Frame

The frame parts are held together by threaded rods and cap nuts. The dis-
tance between the individual frame parts is held by spacers made from 6/4
mm tubing, below you can see a cross section showing rod as well as spacer
length.

The letters in the plan
above correspond to the let-
ters in the cross sections
which can found on the next
page.

Start by adding frame
spacer B as it screws directly
into main frame, place the 45
mm spacer, and using a drill,
screw in the 0 4mm/97 mm
threaded rod flush with the
front of main frame.

You do not need to over-
ly tighten the front frame as it
will need to be loosened later
in order to insert the drive ar-
bor (page 42).

A AB

C CD

 CLOCK FRONT

 TOP VIEW
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45 mm 25 mm

04 mm/100 mm

45 mm 25 mm

04 mm/97 mm

19 mm

04 mm/41 mm

11 mm

04 mm/33 mm
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MOTOR22

The first question to be answered is “Why so complicated?” The answer
is simple. Silence.

I went through a large number of geared DC motors of increasing price
and although they  only require a DC supply they were all way too loud,
whenever the motor kicked in it was almost like a vacuum cleaner starting. I
tried insulating against structure as well as airborne sound but to no avail
and totally unacceptable.

The option I went for is a stepper motor controlled by an Arduino Nano
and driven by a SilentStick Driver.

So basically the Arduino Nano has a small software programme run-
ning in a loop, which I have already pre-installed. It instructs the SilentStick
Driver to turn the stepper motor in a certain direction and at a specific
speed. A magnetic reed switch switches the SilentStick Driver on or off and
ultimately stops or starts the stepper motor.

On the Tredecimus special site you can find a more in-depth descrip-
tion as well as the software used.
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The motor and controllers

are assembled on a separate
board which when finished is
simply screwed into the bot-
tom of the clock base.

It may seem slightly
daunting to start with but if
you follow each step carefully
you should have no problems
at all.

I have split the wiring into
3 parts for clarity.

The first part shows all the
power connections.

The second  is the con-
nection of the motor to the Si-
lentStick Driver.

The third part  shows how
the switch and the Arduino/Driver are connected.

As the plans are printed in grey scale I have written the colour on each
cable as well as the cable type as follows.

FO is only used twice for the plus power and is simply a FF cable with
one of the plastic sleeves pulled off .

6D

7D
9D

8D

2D

2D

3D

10D

6A

4D

5D
1D

MF = Male-Female

FF = Female-Female

FO = Female-Open
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Glue 4D into the recess on the base 1D. When you have wired up the ca-
ble to the USB charger, screw on 5D to clamp it.

As the space is limited you will find it easier to  wire up the motor in the
screw terminal before you screw it onto the bracket. To reduce the amount of
cable on the board you can trim the stepper motor wires to a length of 45 mm.

Although today's electronics are not quite as sensitive as they used to be,
I would still recommend using the same precautions as for all electrostatic sen-
sitive devices.

The Nano and driver boards are  sitting loose with their pins pointing up-
wards and with the pin names on the bottom. Once everything is up and run-
ning you can glue them in place.

The cables come in bunches of 10, however not all will be used.

M 2.5/8 mm

Nano USB
connector

3 Holes

4D

5D

M 3/8 mm

M 2.5/8 mm
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MOTOR28

The motor is powered by a standard USB phone charger, this is not in-
cluded because of differing plug standards. Cut off the plug at cable end,
strip back to the red (plus) and black (minus) wires and screw into the screw
terminal.

The reed switch has no polarity so it does not matter which wire you
connect to which SWITCH terminal. Slip over switch holder (11D) before you
screw the wires. You can also shorten the wire length to 12cm.

When you add power the green LED underneath the Nano will light up.
Now test by moving the magnet towards the reed switch.

The motor should switch on and off depending upon magnet distance.
If this is not the case then check every connection; also check that the

wires in the screw terminals are not loose.
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The cog 6A needs to be se-
curely joined to the shaft of the
stepper motor. Glue 10D to the cog
and insert the M3 screw and nut as
shown.

10D

M3/8 mm

M3 Nut

6A

Then glue on the second
10D.  The whole assembly should
be removed and reversed so the
cog is at the front, as you can see
below.

M3/8 mm

M3/8 mm
M3/8 mm

M3/8 mm
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The board is held in place by 3 x M3/8 mm screws screwed into the
holes in the base cover. The magnetic reed switch holders is also held by a
M3/8 mm screw.

The next chapter deals with the magnetic trigger, but as it also belongs
to the motor we will go through how to adjust the reed switch so it functions
correctly.

When the trigger has been released and the magnet is at its lowest posi-
tion it will cause the reed switch to close and the motor starts. When the lift
arm pushes down on the trigger it lifts the magnet, the reed switch opens
and the motor stops.

The reed switch should open when the trigger/magnet has only been
lifted approx. 5 mm. If the motor does not stop, the switch needs to be
moved away from the magnet: just loosen the bracket screw and turn the
switch away from the magnet position.

If the motor does not start even when the magnet is at bottom, then
move the switch towards the magnet.

Once everything is working as it should you can screw on the cover
(page 17) using 4 x M3/20 mm screws.
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The trigger´s func-
tion is to move the mag-
net towards or away from
the reed switch causing it
to close or open.

The trigger is held on the
base cover by the 2 holders
2B+3B and 0 3mm/ 28mm rod.

The holder 2B  with the
notch at bottom has a slightly
smaller hole which will hold the
rod in place. Glue 2B into the hole
as shown.

Holder 3B

Holder 2B
0 3 mm/28 mm
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Sand off  approx. 1mm from
the front face of part 2C as shown
below. This prevents the magnet
holder catching on the side of the
trigger holder as it moves up and
down.

The 0 6 mm rod adds weight
to the holder, giving it enough
momentum to enable the trigger
to fall over and hold the magnet
holder´s projecting 0 2 mm rod.

Magnet holder 1C

2C

 0 2 mm/16 mm

Magnet

0 6 mm/11 mm

3C

4C

2A

1A
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6C

5C

3A

0 2 mm/ 14 mm

Above is the actual trigger, and it is the hook on 6C that holds the mag-
net holder, so it can be lifted stopping the motor from running.

You can also see a detail showing how part 3A sits flush with the top and
front of 5C.

The trigger pivots around the 02 mm/14 mm pin, to
hold it in place but still keep it removable flatten one end
with a few hammer taps or a good squeeze with some pli-
ers, needless to say: flatten the end first then cut to the 14
mm length.

5C

3A
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There are 2 ball races an upper and a lower, there pur-
pose is to guide the balls. The lower one transports the balls
from the front of the clock to the lifting arm at the rear. The up-
per takes the ball from the lifting arm and drops it into the the
top of the ball cage.

All the wood parts of the Tredec-
imus are cut with a CNC router, which
uses round bits, as would a normal rout-
er.

The only disadvantage with this is,
that with the cutter being round, it is
unable to cut a square internal corner,
as can be seen at right. In the same way
that a round drill can not make a square
hole.

The round corners,
as shown opposite, need
to be filed square in order
for the parts to fit togeth-
er.

Do not over file but
rather control the fit with
the respective part.

The parts should fit
easily together without
being too loose.
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 Lower ball race
In order for the balls to run

in the correct direction, the whole
ball race is slightly inclined from
front to back at an angle of 6.5° as
can be seen in this side view.

You can also see that the
feet of parts 4B and 6B have been
sanded to a wedge so they can fit
into the base cover holes.

Note that both 4B and 6B are
asymmetrical6.5°

Above you can see the ball race as seen from the rear of the clock. In order
to orientate the feet correctly, when you glue the race together, the feet need
to be sitting correctly in the base cover.

When I glued the race together I just pushed the feet into the base with-
out any glue. This allowed me to remove the race when the glue had set and I
could spray it matt black, once the paint had dried I glued it into the base cov-
er.

4B

5B

6B

7B

Higher ear

Longer arm
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The upper race (8B) just needs
to be glued to the holder (1B) on the
back frame and the upper arm of
the middle frame .

8B
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The ball lift lifts the ball bearings from the

bottom of the clock to the top of the drive arbor.
So basically it is a kind of electrically pow-

ered winding mechanism.

13A
14A

14A

13A

15A

04 mm/75 mm

03 mm/35 mm

03 mm/45 mm

03 mm/45 mm

Tap a coupling into each cog
and pinion.

The lower 13A cog should be
adjusted to sit directly over the mo-
tor cog 6A

LEFT SIDE VIEW

13A14A

14A

15A

13A

Ring Stop
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Ball lift cogs

https://youtu.be/dOoLA3Jgw70
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25B

26B

27B

28B

The bracket 27B not only holds the
ball basket, but also presses down on the
trigger in order to switch the motor off.

To help smooth the action, round the
bottom corner of the bracket where it
pushes against the trigger 4C Round Here

BALL LIFT ARM

The basket is attached to the arm with 2 pan headed shoulder screws.
The shoulders are 5 mm in length, so when the screws are tightened into the
lift arms holes the basket can still turn.

Please make sure that the basket can turn easily, otherwise once the
ball has been dropped at the top of the arm´s lift the basket will not be able
to fall back into the notch on the bracket (27B).

15A

16A

17A
M3/20 mm

OD4/ID3mm/14 mm

03 mm/20 mm BALL BASKET Pan headed screw

Pan headed screw
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The connector rod (18A)  has 2 holes

the bigger is the one that takes the pan
headed shoulder screw and screws into cog
(15A) the smaller holes takes the thread of
the pan headed screw that goes through the
lift arm.

The lift arm is held in place by the 2 x
04 mm ring stops18A

04 mm Ring Stop

02 mm/25mm

When the lift arm has lifted the basket the basket´s 2 half rounds should
line up with the upper ball races tracks, this can be adjusted by loosening the
ring stops and moving the arm backwards or forwards on the 0 4mm/75 mm
rod, it may also be necessary to move the cog (15A).

The 02 mm/25 mm rod must be glued into the rear frame, its function is
to catch the arm on the basket and tip it forwards allowing the ball to roll out
and onto the upper race.

Pan headed screw

Ball lift

https://youtu.be/IvvV-zviKFs
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4A
5A

2F9B

7C

8C

The drive ar-
bor supplies the
power that keeps
the Tredecimus
moving.

The devel-
oped torque is ac-
tually quite high,
which is why the

glue  joint between the wooden
parts and the 0 6mm rod needs to
be very strong. So the rod must
have flats filed which act as keys to
the resin. Without the flats the res-
in would not have a strong enough
bond with the  0 6mm and the
parts would eventually turn loose.

Glue the toothed rim 7C
to cog 9B making sure the
teeth line up, then glue 2F to
the back of 9B
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Glue 4A, 2F, 2F and 5A to-
gether make sure 4A is at the
back as its holes for the spacer
screws are 0 2.7 mm so that the
M3/25 mm screws hold in the
ply, the holes in 5A are 0
3.1mm.

Make sure the
holes/spokes align .

OD 4 mm/ID 3 mm/16 mm

4A5A

M3/25 mm

The ball cage is held together with 4 x
M3/25 screws with 4 mm tubing acting as spacers,
as can be seen in the cross section to the right.

As mentioned previously the 0 6 mm/84 mm rod needs to filed accord-
ingly, but before you do any gluing make sure the arbor sits easily in the frame
ball bearings, as thinning the rod once the wooden parts have been glued will
be very difficult.
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Fill the flats with resin and turn the parts slightly left and right as you
slide them into position, that will help prevent the resin just being shoved
ahead of the part.

     After a few minutes the resin will start to solidify; when the resin is still
rubbery but no longer sticky is the best time to remove the excess with a sharp
knife.
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2F 2F

06mm/84mm
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17 mm 10 mm

Here you can
see a cross section
of the arbor show-
ing the position
of the filed flats
(approx. 1.5 mm
depth) as well as
the position of the
wooden parts.
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8C is a spacer and sits between the back of 4A and  frame middle. It is totally
loose and not glued to either wood or rod.

You will need to loosen frame front in order to have enough room for the
arbor.

When  frame front is tight again check that the whole arbor can be moved
approx. 1 mm back and forth. If the arbor is clamped between the frame parts
you must shorten the front of the 0 6 mm/84 mm rod.



DIAL44

The dial is screwed into the front of frame front with 2 x M3/20 mm screws
and the distance is held by the  0 4 mm/12 mm spacers. The holes are pre-
drilled, the bottom hole is the lowest  visible hole.
 Just ensure the ends of the  0 4 mm/12 mm spacers are square otherwise the
dial will be  crooked.

M3/20 mm

D
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L
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M
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OD 4 mm/ID 3 mm/12 mm

CROSS SECTION
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 The minute arbor is
directly driven by the drive
arbor and rotates at the
rate of once every 60
minutes (hence minute
arbor).

In order to be able to
adjust the time without
having to stop the clock the
cog sits free on the arbor.

10B

11B

12B

13B

M3/8 mm

Coupling

 Glue spacer 11B to the back of cog
10B. Using a M3/8 mm screw attach
the friction arms 12B. The screw
should be tight enough so that 12B is
securely held but can still turn.

The cog should be able to turn on
the arbor.

Clutch 13B is tightened on the arbor
using the coupling.

The friction arms 12B grip the clutch
13B, so when the cog 10B turns, it also
rotates the minute arbor, but when the
time is adjusted by turning the minute
hand the clutch 13B slips.

To be totally clear, clutch 13B is not
glued to the cog 10B.

0 3 mm/61 mm

Minute arbor

https://youtu.be/FiWOMpuG3yw
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 The gap between front frame and main frame
is 19 mm, the sum of the thickness of the parts is 17
mm, which would leave a gap of 2 mm. This is more
than enough to allow the parts to turn without
being clamped by the frame.

However as mentioned in the start of the
instructions the ply thickness can vary by up to 0,5
mm.

If the parts are clamped by the frame, file the
front of the coupling until you have a big enough
gap.

The arbor turns at the rate of once every 60
minutes, so the minute hand is directly attached to
the front of the 03 mm rod. The hour hand turns at
the rate of once every 12 hours. This is realised by
the hour train.

19 mm

0 3 mm/61 mm

445 4

17 mm

 On the front face of frame front just
below the minute arbor is a hole for the 0 3
mm/18 mm arbor on which the secondary
cogs of the hour train can rotate.

Screw the rod into the hole until it
reaches the frame back.
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 As can be seen on the finished clock the minute hand passes behind the
escapement wheel. This is why the hour and minute hands assembly uses 3
mm thick ply as the space is limited.

File 1 mm from the back of the coupling
that will be driven into pinion 9C so that the
thickness is 4 mm rather than 5 mm.

The pinion 9C should be tightened on the
minute arbor leaving a small gap between
the back of the coupling and  the face of
frame front.

Glue 10C, 11C and 12C together, they
should turn very easily on the hour arbor.

The pinion 9C has 10 teeth, and the cog
11C has 30 teeth, which gives a ratio of 3:1 so
when the pinion 9C turns 3 times the cog 11C
will only turn once - or in other words: cog
11C turns once every 3 hours.

Glue 13C,14C and 15C together; they
should also turn very easily on the minute
arbor.

Cog 13C , which has 32 teeth, engages
with pinion 12C, which has 8 teeth, which is a
ratio of 4:1.

As pinion 12C is rotating at the rate of once
every 3 hours, then cog 13C is rotating 4
times slower - in other words: once every 12
hours.

9C

10C

11C

12C

Coupling

13C

14C

15C



MINUTE ARBOR48

Tap a coupling into the front of the
minute hand 16C, screw tight with a
small gap to the hour hand. The arbor
should sit flush with the front face of
the coupling. If not, just loosen the
Pinion 9C as well as the clutch 13B and
move the arbor accordingly.

Just for further clarity you can see the four elements that make up the hour
and minutes hand as they will be assembled on the clock.
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14B

15B Coupling

03 mm/42 mm

The intermediate arbor just speeds up the rotation of the minute arbor.
Hammer couplings into the pinion (15B) and cog (14B). The above

graphic shows the position of both in the frame. When you tighten the
couplings just make sure there is a small gap to the frame. The pinion (15B)
has to engage with the cog (10B) on the minute arbor.

Pinion 15B has 8 teeth and engages with the big cog 10B on the minute
arbor which has 48 teeth so 48/8 which is a ratio of 1 to 6 as the minute
cog turns once a hour the intermediate arbor turns once every 10 minutes.



ESCAPEMENT ARBOR50
Count Wheel

Drop Weight

Escapement Wheel

 The escapement can be broken down into its 3 component parts. The
count wheel is advanced by the pendulum´s left hand swing, and after 8
seconds it releases the drop weight, which impulses the pendulum. The drop
weight is then lifted by the escapement wheel and the cycle starts again.

 FRONT VIEW

TOP VIEW

CLOCK FRONT

FULL SCALE

Escapement
assembly

https://youtu.be/hSVvnQkPsS8
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0 3 mm/50 mm

0 3 mm/22 mm

0 3 mm/80 mm

16B

Coupling

Using a drill screw the 3 x 03 mm
arbors into the frame until they reach
the back of the frame. Press the
coupling into pinion 16B and tighten
on the  03 mm/ 80 mm arbor.

7A
8A

9A

02 mm/12 mm

10A

FRONT BACK

 The Count Wheel

Glue the spacers (10A) to the back of  the count wheel (7A) and brake (8A),
also glue the counter weight (9A) to the front of  the brake (8A).The holes for
the 02 mm/12 mm pins are also 02 mm and will be a bit loose fill the holes
with wood glue then push in the pins and let the glue set; that will be more
than enough to hold them in place.



ESCAPEMENT ARBOR52

DROP WEIGHT

As the drop weight is fairly
complex I have split it up into its
composite parts as opposite.

Body

TriggerRoller

Trigger Cogs

Escapement Wheel Holder

Ringstop

Both count wheel and brake are held in
place with 0 3mm ring stops.

Also add 2 x 0 3mm ring stops to the
arbor, making sure that when you tighten
them that there is a frame gap.

The count wheel is advanced one
ratchet by the pendulum on its left hand
swing.

This happens six times before one of the
pins on the count wheel disengages the
drop weight causing it to fall and impulse
the pendulum.

The brake just prevents the wheel from
moving backwards when the pendulum is
on its return swing.

Count Wheel

Brake

Ring stop

Ring stop
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TRIGGER COGS

3 x 3E

1E Firstly glue the 3 x 3E to a stack and sand them
before you glue them in to the shallow indent in 1E.

The indent ensures that the pinions are correctly
positioned, which is important as the drop weight
needs to be held at a
specific position in
order for the
escapement to work

ROLLER

4 x 20B

As above, glue all four rollers (20B) together.
The roller is the part of the drop weight that falls

onto the pendulum impulse surface and must
therefore be totally free running and smooth

17C

18C
17B18B

19B

BODY

03 mm/50 mm ???

The length of the 03
mm/50 mm rod is longer
than necessary but as
mentioned in the start of the
instructions the used ply is
generally thicker.

As we are gluing together
8 x 4 mm thick parts that
could mean a difference of 2-

3 mm.
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Glue the 03 mm/50 mm rod in place. Add
a  03 mm washer then the trigger cogs, a
further 03 mm washer, the roller , secure all
with a  ring stop. Make sure there is enough
gap between the parts so they can easily
turn and then file off the rod end until flush
with the ring stop.

Trigger cogs

0 3mm Washer

Roller

0 3mm Ring stop

Glue all parts together using the
rods for orientation, which also need
to be glued in.

The 04 mm/14 mm rod is needed
to increase the weight of the trigger
which will help it to reengage
securely when it has been released
and the weight drops

19C

20C

11A

0 4 mm/14 mm

0 2 mm/22 mm

TRIGGER

02 mm/16 mm

Flatten one end of the 02
mm/16 mm pin as with the
pin in the magnet trigger
(page 33).

Push the pin through the
holes in the trigger and
body, as shown at left, until
the flattened part of the pin

tightens in the trigger hole.
It is vital that all parts turn and fall into place with absolute ease.

As with the trigger cogs glue the 3 x
3E to a stack  before you glue them into
the indent in 2E.

Glue the  02 mm/22 mm pins into 2E

3 x 3E

2E

0 2 mm/22 mm

WHEEL HOLDER
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21B

Coupling

Tap the coupling into the
escapement wheel 21B.

As you can see here, the drop
weight sits at a specific angle in
relation to the escapement
wheel.

17 m
m

 In order to get the correct angle clamp/peg one of the pins on the wheel
holder against the hook of the drop weight. The point where the pin touches
the hook is 17 mm from the drop weight lower edge. You will find it easier if
you mark off the 17 mm on the hook with a small pencil line.
 Now you can push on the escapement wheel, you might have to slightly
rotate the drop weight in order for the cogs to engage correctly.

Once the peg is removed, the drop weight will just fall. That is because it
needs the push of the escapement wheel to keep it in position; this will first
be the case when the ball bearings have been added. But as the drop weight
is connected to the escapement wheel by the cogs the relation will stay
constant.



PENDULUM56

The pendulum is very much the heart of any
mechanical clock and more than any other part
is responsible for its accuracy.

The Tredecimus pendulum is a compound
pendulum which means that part of its weight
is above as well as below the fulcrum.

In a simple pendulum the weight is solely
below the fulcrum.

The advantage of a compound pendulum is
that it is shorter than a conventional
pendulum.

On the  right is a simple pendulum, and
is the most commonly used pendulum
form. Its period is adjusted by moving the
weighted bob up to make it faster and

down to to make it slower.
A compound pendulum works

exactly the opposite, the higher the
pendulum bobs are moved, the more
the center of mass is moved towards
the fulcrum and the slower the
pendulum will become.

So if the Tredecimus is running too
fast the pendulum bobs need to be
moved upwards, if it is running too

slow then the bobs need to be moved
down.

Once the clock is up and running do not
worry too much about accuracy as the
clock will wear in during its first week or
two, so adjust if you wish but do not be
surprised if it is hard to get accurate.
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22B

23B

24B

24B

12A

10A
Ringstop

02 mm/28 mm

03 mm/20 mm

32 mm

06 mm/60 mm

06 mm/95 mm

04/3 mm/32 mm

04/3 mm/32 mm

Spring

M3 /20 mm
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 FULL SCALE

M3/40 mm

22B 23B

Front Frame
 Main Frame

The Tredecimus pendulum is pivoted on 2 pins that sit in indentations on
the pendulum holder, although this is not the easiest of methods it is
certainly one with very little friction.

With a drill screw in the
pendulum holder at the very
top of the frame, making sure
that the pre-drilled
indentations are at the top of
the bar.
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Glue in the 4 pendulum rod holders 24B into 22B. The 3 holes for the
M3/40 mm screws in 23B are small enough to be directly screwed into.

When the 3 spacers and screws are in place and tightened, screw in the 06
mm/60 mm pre tapped rod. The rod should extend equally on both sides,

around 10 mm.

File/sand the 2 x M3/20 mm screws to a point, the
spring prevents the screws from working loose. The
screws must  be pointing vertically down.

Glue the spacer (10A) onto the back of
part 12A, you will also need to glue the
02mm/28mm rod.

Screw in the 03mm/20mm rod into the
back of part 23B,  The pendulum bar at the
back of the pendulum engages with the
count wheel and advances the wheel on its
left hand swing.

The lower bob needs  to be
heavier than the upper, so bob half
3G has a routed space for the  0 45
mm washer.

To prevent the washer from
moving around, bed the washer on
a good layer of wood glue before
you glue on 2G.

The upper bob has no extra
weight and is 3F and 2G glued
together.

Ringstop

3G 2G

0 45 mm Washer
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Only the lower/heavier bob is glued onto the carbon rods.
Use epoxy resin in the bob holes and push in the rods. To
ensure that the rods and bobs are correctly aligned also push
on the upper bob (do not glue) and on a level surface make
sure that both bobs are lying flat.

Remove the upper bob and thread the
rods through the holders (24B). The rods
are held in place by a 04 mm ring stop. Be
careful not to overly tighten as the carbon
rod could splinter.

A distance of 285 mm from ring stop
bottom to where the rod enters the lower
bob is a good starting point.

Now you can push on the upper bob.

285 m
m

Ring Stop

In the  hole for the limiter bar
in frame front (page 12), glue in
the  0 2 mm/40 mm rod and add
the 0 2 mm ring stop.

The function of the limiter is
to ensure that the  pendulums
amplitude does not become too
great, without it the pendulum
amplitude would increase to
such a level that the pendulum
would start to advance the count
two teeth rather than just the one.

02 mm/40 mm

02 mm Ring Stop

20 mm
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The 02 mm/40 mm rod must be parallel to the frame arm that holds the
count wheel.

On its right hand swing the pendulum bar should slip off the count
wheel and onto the limiter if the pendulum has just been impulsed then the
bar will hit the ring stop, which just shows that it is doing its job.

In order to hang the pendulum without removing the escapement parts
push on the pendulum until the rear arm is behind the escapement wheel
then rotate until it is hanging, it is a bit of a fiddle but after a couple of times
you will get the hang of it.

Both pendulum pins should sit in their
respective indentations on the pendulum
holder, the pendulum bar should be sat on
top of the count wheel Adjust the pendulum
pins so that the pendulum holder is  centred
in the pendulum hole.

Pendulum bar

Count wheel

Pendulum holder
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Until the balls have been added to
the drive arbor the drop arm will not stay
in position. However if the balls were add-
ed and the drop arm was not in position,
then the gear train would just run through
as there is nothing to stop it doing so.

Bring the drop weight into its correct
position and add a
clamp/peg to the es-
capement wheel. This

will simulate the drive force and prevent the drop weight
from falling.

Now you can add the 6 balls on the left hand side of
the drive arbor. The drive force should now be sufficient to
enable you to remove the peg from the escapement wheel
and the drop weight will remain in position.

Check also that the clocks is level, if not, correct ac-
cordingly using the adjustable feet.

Now all that needs to be done is plug in the USB
charger and  give the pendulum a shove.

If your Tredecimus now starts running as it should
then congratulations and very well done.

If not, then you need to work out which of the 3 elements is not working
correctly.

If the pendulum stops, then either because the count wheel is not run-
ning smoothly and absorbing too much energy, or the hanging point is not
right, or the drop weight is not able to develop enough impulse to keep the
pendulum swinging.

The drop weight is not lifting quickly enough once it has been released
this is almost certainly the gear train absorbing too much energy.

The ball lifter is not working as it should.
I realise these points are very generalised, but as you can imagine there

are so many permutations of what can go wrong that I just cannot cover them
here.

Dropweight

https://youtu.be/7x2SzyS97d0
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One factor that I cannot account for in theses instructions is of course any
mistakes that might have been made during the build.

I speak with authority here; although I do have my moments of brilliance
where I find an incredible solution to a convoluted problem which leaves me
smiling like a Cheshire cat for days, it is almost certainly followed by an act of
mind numbing, earth shattering stupidity. Honestly some of the things I have
done have, to say the least, left me feeling very humble.

So please take the time and carefully go through each single part of the
clock and compare them to what can be found in the instructions, drawings,
3D online model and tutorials, sometimes it can be something so simple that
you just do not see it.

I really hope you have enjoyed building the Tredecimus and that you are
also happy with the results.

If you could find the time I would be very grateful to receive a photo of your
Tredecimus, which I will add to the gallery, where it can become inspiration for
others.

I would also welcome any feedback, whether positive, negative or
suggestions.

If you should run into difficulties please do not hesitate to get in touch.
Please give a detailed description, and if possible,  a small video of the
problem. This would greatly help me to help you.

All the best,



100mm Frame 97mm Frame 41mm Frame

M4/330 mm Steel Threaded Rod

25mm Feet 100mm Frame 33mm Frame

M4/330 mm Steel Threaded Rod

Brass Tube OD 6 mm ID 4 mm/330 mm

45 mm Frame Spacer 25 mm Frame Spacer 19 mm Frame Spacer

11 mm Frame Spacer

The rods and tube on this page are used for the frame feet,bolts and spacers (page 18+20), all 3 are 330 mm long but as a A4 page is
only 297 mm in length the last part of the rod/tube is missing.

The drawings below are actually to scale but they do not allow for the width of the cut, they are intended to help you cut the correct
piece from the correct rod/tube.



Brass Tube OD 4 mm ID 3 mm/250 mm

3x32 mm Pendulum Pg 57 14 mm Basket  Pg 38

4x16 mm Drive Pg 39

2x12 mm Dial Pg 44

61 mm Minute Pg 45

18 mm Minute Pg 46

42 mm Intermed. Pg 49

2x22 mm Escape. Pg 51

50 mm Escape. Pg 51

Brass Rod 03mm/250 mm

80 mm Escape. Pg 51 28 mm Trigger Pg 31 2x45 mm Ball lift Pg 36 20 mm Basket Pg 38

35 mm Ball lift Pg 37

20 mm Pendulum Pg 57

Brass Rod 03mm/250 mm

Brass Rod 03mm/250 mm

2x6 mm Frame pg 13

50 mm Escape Pg 51



Brass Rod 0 6 mm/120 mm

84 mm Drive Pg 42

Brass Rod 0 6 mm/95 mm Pendulum Pg 57 Brass Rod 0 6 mm/60 mm Pendulum Pg 57

Brass Rod 0 4 mm/120 mm

75mm Ball lift Pg 37

14 mm Escape Pg 54

11 mm Trigger Pg 32

Brass Rod 0 2 mm/250 mm

As most of the 0 2 mm rods are relatively short I have not shown their lengths and page numbers, all the 0 2 mm rods added together gives a length of
213 mm, so you can cut as you wish as you have twice the amount of required rod.


