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EDIT:

This Instructable was featured on,

Motherboard - VICE (https./motherboard.vice.com/en_us/article/9kvwmda/this-3d-printed-c/

ock-runs-on-marbles-and-watching-it-is-soothing-me)

Hackaday (https:/hackaday.com/2018/09/12/a-3d-printed-marble-clock/)

Arduino's official blog._(https./blog.arduino.cc/2018/08/01/ingenious-marble-clock-runs-on

-arduingo/)

Hackster blog_(https./blog.hackster.io/3d-printed-marble-clock-e0402f82e362)

Digital Trends (https:/www.djgitaltrends.com/cool-tech/rolling-ball-clock-3d-printed/)
Note:

| have a twitter account (https:/twitter.com/gocivici) where | share the progress of my

projects before | publish them. You can follow me and give feedback on my projects. | think

this will eliminate many problems of the project before it's published.
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e The 5-minute rail with 1-minute intervals
e The 60-minute rail with 5-minute intervals

e The 12-hour rail with 1-hour intervals

add up and tell the time.
Outline

In the first step, | will give you a little bit of history of rolling ball clocks and ball clocks in
general. Next, | will explain the Idea behind this project. Then | will give you an insight into
the design process of this clock, so you'll be able to design your own clock. I'll give you a 3d
print guide so you can easily print the required pieces and arrange them. After giving you a
step by step assembly guide and show you how to sync your clock, I'll end the instructable
with a troubleshooting guide. So, if you encounter any problems during your build you can

solve them easily.

The purpose of this instructable is not just to give you a cookbook. I'll show you the way |
built this project and provide you with open-ended questions, so you can add your own
ideas, and take this project even further. Many parts I've designed are not connected. This

way you can change the design to your own liking and then glue them together.
| strongly encourage you to share your build when it's done!

Let's get started.
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Step 1: A Short History of Marble Clocks

Chronomeans is the finest rolling ball clock



https://www.youtube.com/watch?v=Md9WtLwaODU
https://www.youtube.com/channel/UCdWF6jmac2V3kC-o-Fpa6qw
https://www.instructables.com/member/gocivici/

Marble Clock by gocivici (/member/gocivici/) | Follow Download Favorite

This instructable is based on the design called "rolling ball clock" that was invented by
Harley Mayenschein in the 1970s. He patented his invention and started a company which

began to manufacture these clocks from solid hardwoods in the 1980s.[1]

The original rolling ball clock had 3 main rails, 2 for minutes and 1 for the hour. by adding

the two rails one can get the total minute. This way the time was shown.[1]

There were many varieties of these clocks ... for example the kineticlock (https:/www.youtu
be.com/watch?v=bwobZ5U1nD8) which had 10 minutes intervals instead of 4, or the Chro
nomeans (https:/www.youtube.com/watch?v=Md9WitlL waODU) Clock which was built

with anodized aluminium.

Other rolling ball clock varieties:

Pendulum rolling_ball clock (https:/www.youtube.com/watch?v=UHBHCsrgYMw),
Wall mounted ball clock (https:/www.youtube.com/watch?v=60CjxN-81p0)
Celebration rolling_ball clock (https:/www.youtube.com/watch?v=vPGW_n2CYVw),

About time ball clock (https://youtu.be/4W 1HrxOxTyA?t=29s),

Source:

(1) https:/en.wikipedia.org/wiki/Rolling_ball_clock (https:/en.wikipedia.org/wiki/Rolling_ball

clock).

Further Reading:

http://wvww.chilton.com/~jimw/ballclks.html (http:/www.chilton.com/~jimw/ballclks.html)
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Step 2: The Idea
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I've been a long time fan of ball clocks. I've seen one when | was a kid in a novelty store.
And | just stood there watching it endlessly. The movement of the balls with time was
magic to me. After | heard about the clock contest on Instructables. It gave me the Idea to

try to design and build a ball clock from scratch. So | started to sketch on paper.

What | wanted to do was to design a different lifting mechanism instead of the traditional
rotating scoop type design. So then it hit me. | was going to use a rotary to linear motion
mechanism so while the mechanism was rotated by a motor the ball would be moving in a

line, up and down. Creating a little illusion.

The rails were mostly inspired from other ball clocks but | had an idea to create a bell
mechanism so everytime one hour passes there would be a sound. Unfortunately, | could

not build this into the project.
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Step 3: Tools & Parts
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Note: these are the Tools&Parts | had available. You can use any other part for your needs.
Tools:

e 3D printer (https:/mwww.amazon.com/TEVO-Tornado-Assembled-Printer-Printing/dp/BO
/6J8386J) - min 25*25*15cm area

o exacto knife (https:/www.amazon.com/Xacto-X3311-Precision-Knife-Blades/dp/BO000O
DD1N4/ref=sr_1_37s=industrial&ie=UTF8&qid=1532615446&sr=1-3&keywords=exact
o+knife&dplD=41MdFOVXBOL&preST=_SY300_QL 70 _&dpSrc=srch), (to cut sharp

edges)
o drill/ldremel with 3mm tip
e Tack-it (https:/www.amazon.com/Faber-Castell-Multipurpose-Adhesive-Non-Toxic-Re

movable/dp/BO1DMA7QWA4) (or any other reusable & removable adhesive)

Parts:

e 9 x40mm M3 bolts and nuts

e 7 x30mm M3 bolts and nuts

e 2 x20mm M3 bolts and nuts

e 4 x 15mm M3 bolts and nuts

e 8x 10mm M3 bolts and nuts

e 16 x 6mm M3 bolts and nuts

o 7 X (3mm*6mm*2.5mm)_ball bearing_(https:/www.aliexpress.com/item/10-PCS-MR63-7
Z-163077-Miniature-Bearings-3X6X2-5mm-MR6377/1466348224 html?spm=2114.se



https://www.amazon.com/TEVO-Tornado-Assembled-Printer-Printing/dp/B076J8386J
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https://www.aliexpress.com/item/10-PCS-MR63-ZZ-L630ZZ-Miniature-Bearings-3X6X2-5mm-MR63ZZ/1466348224.html?spm=2114.search0104.3.1.16794a05D95g3o&ws_ab_test=searchweb0_0,searchweb201602_2_10152_10151_10065_10344_10068_10342_10343_10340_10341_10696_313_10084_10083_10618_10307_10869_10868_10059_100031_10103_10624_10623_10622_10621_529_10620,searchweb201603_13,ppcSwitch_3&algo_expid=a18fad89-9cc1-410f-94ce-ef10f9010102-0&algo_pvid=a18fad89-9cc1-410f-94ce-ef10f9010102&priceBeautifyAB=0
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152 10151 10065 10344 10068 10342 10343 10340_10341_10696_313_ 1008
410083 10618 10307_10869_10868 10059 _100031_10103_10624 10623 _106
22 10621 _529_10620,searchweb?201603_13 ppcSwitch_3&algo_expid=al8fad89-9c¢
c1-410f-94ce-ef10f9010102-0&algo_pvid=a18fad89-9ccl1-410f-94ce-ef10f0010102
&priceBeautifyAB=0)

1 x (E6-14M 6mm x 14mm x 5mm)_Thrust Bearing

(https:/vww.aliexpress.com/item/10pcs-Lot-FB6-14M-6mm-x-14mm-x-5mm-6x14x5-
mm-Axial-Ball-Thrust-Bearing-Brand/32740702331 .html?spm=2a290s.9042311.0.0.27
424c4dbTA98A)

1 x 28byj-48 stepper (https:/www.aliexpress.com/item/2017-New-5V-Stepper-Motor-2
8BYJ-48-With-Drive-Test-Module-Board-ULN2003-5-Line-4/32812678814 html?spm

=2114.search0104.3.1.7afd26a8410k11&ws_ab_test=searchweb0_0,searchweb201602

210152 _10151_10065_10344_10068_10342_ 10343 _10340_10341_10696_313

10084 10083 10618 10307 10869 10868 10059 100031 10103 10624 10623

10622 10621 529 10620,searchweb?201603_13,ppcSwitch_3&algo_expid=d07a/b

02-bd5d-4952-abb0-fdab3a3a968e-0&algo_pvid=d07a/b02-bd5d-4952-abb0-fdab3

a3a968e&priceBeautifyAB=0),

1 x Arduino uno (or any other microcontroller to drive the stepper motor)
100 x 11mm Steel Ball (you only need 30 but they get lost quite easy)
290x130x3mm wood plate

3D Printed Parts :

all parts are on step 5 | recommend you to read read step5 before printing them.
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Step 4: Design Process

"

w

\

Ih-ﬂ-llllllllllllllll
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You can skip this step if you just want to print the project. This step is for people who want
to design their own ball clocks or want to add new features to this project. It gives an

insight on how the ball rails were designed in Fusion 360.

If you are new to the Fusion 360 environment | suggest you take a look at a few tutorials.

You can enroll in this class: https:/MWww.instructables.com/class/3D-Design-Clas... (https./

www.instructables.com/class/3D-Design-Class/),



https://www.instructables.com/class/3D-Design-Class/
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| suggest you to read this step after you've seen the tutorials.
Details on the design process are noted on the images.
Base Structure & Rails

The base structure is basically 6 rails holding 4 rods. The rods(8mmx8mm) were designed
to be sturdy. They are held by bolts to a wood plate. The rails were inspired by the original
rolling ball clock. But the dimensions are different due to different ball sizes and weight
distribution.

Elevator

The elevator design was inspired by this mechanism (http:/507movements.com./mm_329.

html). User mgg942 used this design and created a rotary to linear drive on_Thingiverse (htt

ps://www.thingiverse.com/thing;1098809). | tweaked and re-designed this to create an

elevator mechanism.
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Step 5: 3D Print
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There are two seperate .zip files you can download.


https://www.youtube.com/watch?v=A5bc9c3S12g
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The 3d_parts_sets.zip contains 5 sets. each set is designed for a 25x25cm print area.

If you have a large print area you can print these like | arranged them in sets. Or you can

print them separately.

| suggest you to finish printing before the assembly of any pieces. It's much easier if you lay

them on a table in an arrangement. Like a LEGO set.

Each partis given a number and a letter. these will be useful while following the building

instructions next step.

T,

3d parts.zip Download (https /lcdn.instructables.com/ORIG/FUG/FY46/JK2UIQ4P/FUGFY46JK2UIQ4P.zip)

Wi
https://cdn.instructables.com IORIG/IFUG/FY46/JK2UIQ4PIFUGEY46JK2UIQ4P Zip)
( pPS/Cait.in bllUdeUIGb CONMMTURNIOITUO/IT TAO/JINLZUIAT /T U0 T90UNLUILATr.ZIp)

3d_parts_sets.zip Download (https /lcdn.instructables.com/ORIG/F60/3E8K/JK2UIQ73/F603E8KJIK2UIQ73.zip)

PRy nstructables.com/ORIG/FG0/3ESK/JK2UIQ73/FE03ESKIK2UIQT3.Zib)
\ wps.// ull |||buuuau|c:b COIM/UNIG/IFOU/ OEON/URZ U O/ T OUOEORJURZUIL T 9. ZIP)
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Step 6: Base Assembly
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you can use the pdf template to drill holes on the wood.

Parts used in this step:

(3d printed] 1a-3f (28 parts)
5 x 40mm M3 bolts & nuts
6 x 30mm M3 bolts & nuts
3 x 15mm M3 bolts & nuts
6 x 10mm M3 bolts & nuts
10 x 6mm M3 bolts & nuts

4 x (3mm*6mm*2.5mm) ball bearing

Tools used:

e Tack-it
¢ philips head screwdriver

e pliers


https://cdn.instructables.com/FOI/XYTB/JK10V1BB/FOIXYTBJK10V1BB.LARGE.jpg
https://cdn.instructables.com/F8Q/XUJG/JK10V1B6/F8QXUJGJK10V1B6.LARGE.jpg
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e 15-20 minutes

Note: Assembly instructions are noted on the images.

/\__ base wood temprlabasml&ad (https://cdn.instructables.com/ORIG/FIH/S3VZ/JK2U

PR 7 PR Y A I A IE N QAN T7
\Illlpb uican. IllbllubldUIUb CuNnMTuNIa/Irin/ioovary

343/FIHS3VZJK2UJ343.pdf)
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Step 7: Center of Gravity

SR —

i IEY Vo VTRTVZ VN ln'rnlcvf\an\\’u/»i minTa

This is the most important part of this project. | did not design the rail pieces connected to
the joints. This way everyone can adjust them to their needs. The rails and the connectors
under them are not attached. You have to figure out the center of gravity and glue it when

you are certain. Let's begin,
The 5min rail:

Slowly put 4 balls on the minute rail. And position the connector piece accordingly so it
doesn't tip over. It should tip over when the 5th ball comes. This takes a bit of time to

adjust. When you're satisfied go to the 15min rail.
The 15min rail:

Slowly put 11 balls on the rail. again it shouldn't tip over while 11 balls are on it. When the
12th ball arrives it should tip over.

The Hour rail:

This is the same as the 15min rail. wherever you glued the connector on the 15min rail you
can glue it on the same place on the hour rail.

Lastly, to test them all at once put 11 balls on the hour and 15min rails and 4 balls on the 5

min rail. then drop one ball to the 5 min rail. They all should go smoothly and leave the rails


https://cdn.instructables.com/ORIG/FIH/S3VZ/JK2UJ343/FIHS3VZJK2UJ343.pdf
https://cdn.instructables.com/ORIG/FIH/S3VZ/JK2UJ343/FIHS3VZJK2UJ343.pdf
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Step 8: Elevator Assembly
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Parts used in this step:

¢ (3d printed] 4a-5d (9 parts)

e 1 x 25byj-48 Stepper

e 4 x (3mm*6mm*2.5mm) ball bearing

e 1 x(F6-14M 6mm x 14mm x bmm) Thrust Bearing
e 2x 10mm M3 Bolts & Nuts

e 2 x2bmm M3 Bolts & Nuts

e 2 x6mm M3 Bolts & Nuts

e 4 x40mm M3 Bolts & Nuts

Tools used:

e Tack-it
e philips head screwdriver

e pliers
Estimated Time:
5-10 minutes

Note: Assembly instructions are noted on the images.
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Step 9: Driving the Motor & Timing
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How to drive the motor

To drive the 28byj-48 stepper motor with a constant speed I've used an Arduino Uno with

the AccelStepper library. you can download the library here (http:/Mwww.airspayce.com/mik

em/arduino/AccelStepper/). . If you don't have experience with Arduino or don't know how

to install libraries you can check this site. (https://www.arduino.cc/en/Guide/Libraries).

Connect the pins on the stepper motor to the Arduino like this:

Stepper---Arduino

e IN1---->2
e IN2---->3
e IN3---->4
e IN4---->5

After uploading the code you are good to go!

Timing
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Now get a stopwatch in your hand and run the motor. Start the stopwatch when the
elevator gear crosses a specified point. And stop your watch when it crosses the point

again. Take a note at the time. now let's calculate the required speed
T =time on your stopwatch

t = 60s (time you want it to complete 1 revolution)

M = old motor speed("stepper.setSpeed()" in code)

m = new motor speed("stepper.setSpeed()" in code)

new motor speed(m) =(T*M) / t

Insert this into the code and check your stopwatch again, repeat this until you are satisfied

with the result
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ClcokMotor.incbownload (https://cdn.instructables.com/ORIG/FSD/ZED3/JK2UJ6GQ/FSDZED3JK2UJ6GQ.ino)
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Step 10: First Test
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ou're done with thgo'wiid now it's time to test this clock!

Marble Clock by gocivici (l;mem%er?gocixlnci/) Download Favorite

Check your watch and put the balls according to the time. And start the motor when you
are ready. It's really fun to watch time go by with this clock. Go and put yourself some tea
and enjoy the sound off balls clicking. Now while doing that you should check a few things

to be sure that this clock can run for 7/24 straight.
Things to look for:

e Can the elevator bring a ball without dropping it each minute?
e Are balls not getting stuck on the rails after 2-3 hours?

¢ |s the clock on time after several hours?

If your answer is no for at least one of those questions, you can check the Troubleshooting

step!
If your answer is yes, then congratulations you've built a precise ball clock!

'\Q" Add Tip o Ask Question !} Comment Download

Step 11: Troubleshooting

- Balls are not moving easily on the rails

Sometimes filament residue blocks the balls. use a sandpaper to sand the pieces.
- The motor is stopping after a few hours.

Try to connect external power to the motor.

-the balls are falling even though | set them not to fall

The surface the clock is on can effect this try to change the location of the clock
-The clock is not on time

Repeat the timing step as much as you can until you are satisfied
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Step 12: What's Next

There are lots of things that can be improved on this clock. Here are a few that | have in

mind.

Adding an am-pm rail.

Adding a bell so it makes a sound every hour.

Creating a more stylish ball descent system. instead of the ball tower that just drops the

balls.

Make a bigger version with different kind of balls
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