How to Make a Tumbling Acrobat
Finally, I was able write a NEW, more comprehensive and detailed description of how to make a Tumbling Acrobat Type 1. I sincerely hope it would help anybody who wants to build such a toy. I am also interested of how you come along and if you need any help you can email me. 
My websites of the acrobats: Tumbling Acrobat (webnode)
My address: martin@ofm.hu



Enjoy your work!









Martin Demény








Esztergom, August 5, 2026.
Materials needed:
- 3-4 mm plywood. (Plywood makers are not very accurate on thickness. Once, even in the shop, the seller had difficulty in deciding whether the actual sheet was supposed to be sold as 6 or 8 mm. The one I use now is about 3.16 mm. I am not sure if it was sold as 3 or as 4 mm.)
- XPS polistirol (polystyrene?)
- 2 pieces of 50 mm long M3 threaded rod
- 8 pieces of M3 nuts
- 12 pieces of M3 washers
- 123 mm long Bergmann pipe with outside diameter is approximately 15 mm and the inner diameter 13.5 mm. It is impossible to measure accurately, because they are usually not perfectly round. 
- one bamboo skewer
- 0.9 mm thick brass wire or any other similar wire. Just a few cms long.
- 3 pieces of 13 mm steel ball bearings.
- 5 mm thick foam (a tiny bit)
- a little metal sheet of about 1.93 grams
- a piece of string
- 0.33 mm thick copper wire 20 cm long (or something similar)
INTRODUCTION
Now, I am in the process of making my 36th tumbling acrobat of type 1. I believe, now I can tell an exact method of how to make one. I have found making a working acrobat extremely challenging but now I know a method which most likely will work. In every possible step which I am going to describe, there are thousands of possible variations but I am going to describe only one. You may vary on your own risk.
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AS A CHILDREN'S PROJECT

Do I suggest this project for children? I have been teaching crafts for the last 20 years for students. I mostly taught grades 7, 8 and 9. (age 12 through 15) I have barely seen any student who would be able to make such an elaborate project and I have never seen one who is interested in it. You need two things come together: to have the talent and to have the interest in the subject. So far, I haven't seen anybody who would fit these two categories. So, I believe this project is just too difficult for teenagers.

THE TEMPLATES

The very first thing you need to consider is what kind of template you want to use for the body of your acrobat. There are two options: hand or laser cutting. 
Hand cutting
If you choose hand cutting just print out the ZGeneration all.pdf file on an A4 sticky paper. ('All' means all the parts are on a single page.) Attach the paper on a 4 mm plywood and cut out and drill the pieces. You can use any kind of scroll saw: hand or power saw. After you cut them out, sand them very accurately. The key is accuracy. That's why I shifted to laser cutting which I rather recommend.
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Laser cutting
You'll need the ZGeneration all.dxf file. I live in a small town but we have a printing shop where they can do the laser cutting quite cheep. I hope you can find one in your neighborhood. All you need is this single file but I'll attach all the body parts in separate files so you could make any changes in them if you wish to do so. Of course you need to use some kind of CAD program which I am not an expert at. 
Now you have all the 4 mm plywood cut out pieces. For easier reference I attached labels, too. 
Note: Plywoods aren't made to accuracy. The one I used last is around 3.15 mm thick. I don't know if it is sold as 3 or 4 mm. Actually it doesn't matter for us; the only problem could happen is that the traverses won't fit, but they are easy to reproduce. 
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THE STEPS

It might be very tempting to proceed with the body but I suggest you to build the steps first. This way when you are ready with your acrobat you have a place to test it right away. I am not going to describe how to build the steps because it is rather easy. I've built several different versions (box like, table like) and you can see attached pictures of them. You could build a fancy one with drawers as the professionals do. Accuracy matters!
Hight of the steps: 86.5 mm 
Depth: 160 mm
Width: 140 mm
Width doesn't matter that much.
You can vary the depth by sliding the the steps back and forth a little and also by starting the acrobat a little more forward or backward. 
I used to think that even 1/2 mm matter in the hight. Now, I am not that sure but make it as accurate as possible. 
I always make 3 steps and the ground serves as the 4th. Obviously you could make more but that increases the possibility of faults when your acrobat somersaults. 
The surface is important. So if you plan to paint or stain or oil the surface, do it right now so you can build your acrobat  "around" your steps. The edge of the steps are important, too. I think this is one reason why it would be very difficult if not impossible to make acrobats going down on real steps of a building. Those steps usually have rounded edges. 
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THE POLISTIROL (polystyrene?) 

A warning about the use of polistirol. I used the polistirol to give the acrobat some thickness. So his legs and arms would not be just thin plywood but have some "meat" on them. However, I found that in spite of all the care and accuracy, the acrobats with the polistirol body perform significantly worse than the bare plywood acrobats. So the figure might look better with the thickening, but it won't somersault that well. Of course you can make him work all right, but the bare figure is much easier to work with. Consider weather you want to use polistirol.

A finished acrobat with- and without polistirol.
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Now, you'll need XPS polistirol which is used for isolation in buildings. Easy to get some pieces at construction sites or you can buy them at home improvement stores. Cut an approximately 10 mm thick strip.
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Trace the leg (without the feet) twice on the polistirol.
Do the same with the arm.
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You'll need two little squares for the hands. 40x15 mm and 10 mm thick.
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... and two long strips for the feet. 90x15 mm and 10 mm thick. These are all the pieces you'll need.[image: image16.jpg]



Cut the pieces roughly. 
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Using double sided tape, attach the two polistirol leg pieces to both sides of one plywood leg. And attach the feet pieces as well. 
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Using utility knife, files, sandpapers and dremel rotary tool, round off the edges and make the polistirol fit nicely on the leg. The plywood and the polistirol should be even.  
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For the hands, make some extensions from plywood and glue them on. 25x7 mm and 3-4 mm thick. You'll need two of these. (Sorry, they are not on the "all" file.) Note the exact place to attach the hand extensions
.[image: image22.jpg]
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Attach the polistirol on the arm. Because of the extensions you have to use both plywood arms. Send and fit on the hands, too, as on the picture.
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If you have all the rounded polistirol pieces done, carefully remove them from the plywood (with a knife) and put them aside for now. Remove the tapes from the plywood, too. (Of course the picture shows much more than you need.)
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THE AXLES

You'll need two 50 mm long axles of M3 (3 mm) threaded rod. Saw them off.
Note: If you are using thicker plywood you'll need a bit longer axles.

Because of the sawing, the treads become rough. You need to file or grind them down. 
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The fine threads are sometimes get so damaged that you could use a thread-cutter to clean out the threads. It is very important to be able to put on the nuts with ease. 
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You'll need 
2 axle rods, 
8 nuts and,
12 washers 
everything in M3 size.
GLUING THE MAIN BODY
This is the most important procedure. The body must be extremely accurate, true and square. I had several acrobats which constantly failed on the steps. I couldn't figure out what was their problem while finally I took them completely apart, reglued the body more precisely and it solved all their problems. So to avoid such annoyance, pay attention right at the first time.
The Bergmann pipes' outside diameter is approximately 15 mm and the inner diameter is 13.5 mm. It is impossible to measure accurately, because they are often flattened a bit. Bergmann pipe is used for putting electric cables in walls. Easy and very cheep to buy at any electric supply store. Cut a 123 mm long piece. Rather cut a bit longer and then sand it down to the right size. Scrape off the burr. 
Note: The picture shows an earlier version of the body parts. I put it here so you can see the Bergmann pipe itself. [image: image31.jpg]
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Now glue the pipe onto one of the sides with hot glue. Actually you can skip this  step. 

Now assemble the model in the following way as on the picture: The pipe is sandwiched between the two sides. (Pay attention to the left and right sides.) Put in the axles, washers and nuts. The axles, washers and nut hold the whole assembly together. Tighten the nuts so that they firmly hold the sides and the pipe together, but not so tight that the pipe flattens. Note that one of the axles is on the front and the other is in the back. Try to tighten them evenly. 
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Now, you can move the pieces a little but friction keeps them in place. Try every possible way to straighten them out. Everything should be straight, parallel and in right angles. In the following pictures, I try to show the different ways I achieved this.
This picture shows the position in which you can check with one eye if the two axles are parallel or not. It's an earlier type of acrobat but you can still see how the two axles are not parallel and the two sides aren't either.
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This is much better.
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Everything should be square.
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In an earlier version, I put on the legs and arms to check if it is in the right angle.
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I've found this step so important that I made a jig to make my job easier. But if you are just making one or two acrobats you don't need this jig. 
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The parts which go in the jig. An acrobat in the jig.
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When you are satisfied with the correctness of the body of your acrobat, carefully glue the parts together with hot glue. After the glue hardened remove the axles.
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GLUING THE TRAVERSES

Glue the right angles on the traverses. The smaller ones go to the arms' traverse and the bigger ones go on the legs' traverse. The hole goes to the front left side of the leg traverse. Pay special attention to glueing the right angles to the right places. Use wood glue. 
Note: Now, I see on the picture that I didn't glue one of the right angles to the right place on the arms' traverse. It should align with the edge.
Note: If you are using thicker plywood you might need longer traverses. It's easy to cut out from plywood. Both traverses should be the same length. 
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GLUING THE LEGS AND ARMS

Now, glue the legs with the traverse. This should be very perfect. The two legs should be aligned and right angle to the floor. There are several methods of achieving it. You can put in the axle to help them in place.
The two pictures show the glued legs from different angles.
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I've made a jig for gluing the legs and arms, too, but even with the jig, it didn't always come out right. 
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THE STRING

I've experimented several ways of how to put on the string in a way that it is easily adjustable. That's why there are two big holes on the left foot. I am going to explain only one, probably the best method. 

For this you'll need bamboo skewers (or some craft sticks). Just one little piece.
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Drill a 1 mm hole in the end of a skewer and saw off about a 7-9 mm length of the stick. Sand. 
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Glue it in the hole of the left foot; glue it in the hole which is closer to the ankle. The skewer should stick inside of the foot and the hole in the skewer should be horizontal. Look at the picture.
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Now, glue the arms. The traverse goes to the bottom.
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Now, you need to glue on the shoulder pieces. Insert an axle, so they line up and use a flat surface to line up the corresponding edges of the arms. Pay particular attention to where the bigger one goes and where the smaller one goes and that they are in the right direction. 
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Clamping the shoulders for the gluing.
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When the glue cured very (VERY) carefully remove the axle and very carefully file the holes a bit. The goal is to be able to slide the axle in and out easily.
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You'll also need to file the hip pieces a bit for the same reason. 

THE STOPPERS

Meanwhile you are waiting for the glue to cure, glue two-two of the leg stoppers and two-two of the arm stoppers together. You'll need to sand off approximately 1 mm of the arm stoppers. 
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In this picture I want to show what I mean of sanding off the thickness of the arm stoppers.
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Before and after sanding. 
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Now glue the leg stoppers on the sides of the body. Insert an axle, slide on a hip and place the stopper above the hip. Make sure they don't touch. The hip must be able to rotate freely. The very exact position of the stopper is not important. Look at the picture.
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Note: You won't need those two tiny holes, so you can place the stopper over them.
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STRING GUIDES
I used 0.90 mm thick brass wire, but you can use any other wire which is not rusty. Form two U shaped hooks from the wire.
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Using pliers force the hooks into the tiny holes on the left side of the body. You only need two, you don't need to put a hook in the middle position.
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You can attach the string guides with a drop of crazy glue if you deem necessary. 
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THE BALLS

Take three 13 mm steal ball bearings. They can easily be bought at a bearing shop. 
Notes: 12 mm would also work. One ball might be enough but the movement is firmer, more stable with three. 
[image: image63.jpg]



For the plug, I used 5 mm thick foam. I am sorry, but I don't know what it is originally used for, I guess for some construction insulation. I also have similar foam with silver foil lining on one side. That's fine, too. In fact you don't need to use foam, you could use a peace of cardboard or plywood as well. The reason I chose foam is to make the balls hit it softer.
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Cut out two little squares of the foam and glue them on either ends of the pipe... using hot glue...
Obviously insert the 3 balls before you seal off the pipe. 
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Note: Be careful not to get any hot glue on the balls nor inside the tube. They could easily block the free rolling of the balls. I had to take apart several acrobats and clean out the pipe because of this problem.
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THE WEIGHT

You don't always need weight but the acrobat works much better and firmer with weight. You can also put some weight on the hands but I'll tell you about it later. 
The best weight I found so far is taken out from old electric circuit bakers. Look at the pictures.
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One of these little metal peaces weigh 1.93 grams. Obviously you could use any other similar metal peaces. The exact weight is not important. 
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Earlier I used these sheets from an old transformer. They were fine but I had to glue several of them together.
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Glue the weight on the front of the neck and head area. (Later thought: Now I would place the weight further down towards the neck not as on the picture.)
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Usually two or three of these weights are OK. If you plan to put on the polistirol, use more weight. I had to use 5 in one of my acrobats! You can always experiment with adding or taking off weight later on. If you don't plan to paint your acrobat you could try without any weight.

This picture shows that the weight was too high up in the head and I had to open up the body to place the wight more down to the neck area. I also added more weight.
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THE STRING - PART ONE
The string I used made by COATS. Type: gral; thickness: 020
This is strong and flexible. Obviously you can use any other string which you can get hold of. I also used fine fishing line. Works OK, but a bit more stiff and more likely to break.
Tie a 20-30 cm long string to the hole of the left shoulder. Strengthen it with hot glue in a way that the stings leans to the far left. It shouldn't get caught between the shoulder and the body.
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THE ASSEMBLY
[image: image73.jpg]



You'll need two 5.5 wrenches for an easy assembly for the M3 nuts. You could do it without them but it would be far more difficult. I've made my own wrenches as you can see them. Needle nose pliers and tweezers are also great help. 
On assembly, I mean putting on the legs and arms with the axles. I've put this picture here to show the correct directions of the legs and arms.
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Let's start with the legs. You have to be very careful because the leg structure is very fragile before you put it on. 
The correct order of peaces which go on the axle:
nut-washer-leg-hip-washer-nut-washer-side-empty space in front of the pipe-side-washer-nut-washer-hip-leg-washer-nut.
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Similarly with the hands:
nut-washer-arm+shoulder-washer-nut-washer-side-empty space behind the pipe-side-washer-nut-washer-shoulder+arm-washer-nut.
Make sure both the arms and legs move freely.
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SETTING THE HIP ANGLE

Tighten the two nuts on the hip and leg so the hip (piece) could still rotate (relative to the leg). Do this on both sides. Now rotate the body so it stands as on the picture. You should find the highest position where it still doesn't fall back (and start the somersault).
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When you lean the body back it should slope a bit so the balls roll down into the head.
Now tighten the nuts so the hips couldn't rotate any more (relative to the leg). In other words, the nuts should keep the corresponding hip and leg tightly together.
Note: This is just a temporary solution so you can still fine tune the body angle later. When everything is all set, you can use super glue to permanently lock the hip and leg together.
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ARMS' STOPPERS
I am sorry but I couldn't come up with any exact and simple way of positioning the arms' stoppers. 
TOP STOPPER
Position it so the extension of the hands just touch the thighs. The arm can be slightly lower than on the picture.
[image: image80.jpg]



THE LOWER STOPPER is even more problematic. This acrobat on the picture should be right.
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This acrobat's stopper is too far to the front. The stopper should be moved a bit backward. 
The marked angle is too big here.
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Another way of checking the right stopper position is in this back lean posture. The hands and heels shouldn't touch. (or barely touch)

[image: image83.jpg]



The stopper should be glued in such a way that the arms stop in the shown position. 
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THE STRING - PART TWO
Use 0.33 mm thick copper wire 20 cm long (or something similar).
Look at the piece I cut off and made a loop at the end.
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Thread the string through the guides. At the bottom guide, the string should go from the front to the back. Then thread it through the hole of the leg traverse. 
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The highlighted string.
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Tie the string to the copper wire. The knot should fall somewhere in the middle of the lower leg.
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Thread the wire trough the hole in the skewer but don't rap it around yet.
[image: image89.jpg]



The string should be tightened in this position. Pull the string tight and wrap the copper wire around the skewer and ankle to secure its lenght.
As the body falls back, the string tightens and lifts the legs up. Shorter sting tightens sooner and starts to lift the legs sooner. This will slow down the shoulder flip. It's important to slow the flip down but not too much. If the string is too short the acrobat will stop in this position.
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Meanwhile the sting should lift the hands in this position.
[image: image91.jpg]



Compare the two pictures. As I lower the body just a bit, the hands are pulled up by the string.
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THE FIRST TRIAL
The hip-n-shoulder flip
Trial on a flat surface

Set the acrobat standing on a flat surface. It should be be able to stand. Push the head a bit back and it should start the movement.
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1. The body falls back and the string tightens. (The body flips around the hips.)
2. The string pulls the arms up.
3. The arms turn all around and fall. 
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This series of pictures illustrate the hip flip in minute details.
(2. The string pulls the arms up.
3. The arms turn all around and fall.)
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In a good movement - in a well visible way - when the right arm hits the stopper it bounces back and falls down again. Try to pay attention to this.
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4. There is a momentary stop while the balls roll down into the head. 
5. The acrobat tilts on it's arms. The weight is positioned on the arms.
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6. Now the acrobat rotates on his shoulders and lifts his legs up.
7. The string tightens again and pulls the legs upward. 
"The legs are pulled up." This means the marked angle increases (even though it can't be seen well on the pictures.)
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8. Finally the feet hit the ground.
[image: image105.jpg]



POSSIBLE ERRORS AND CORRECTIONS
in the hip-and-shoulder flip
1) The acrobat wobbles. Feet or hands don't lie flat on the surface. If it is serious, try to take apart and reglue them. Small wobbling can be corrected by placing a little peace of wood under it. See the picture.
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2) The arm doesn't rotate. 
Check if the string didn't get stuck.
(See #7 below, too.)
3) The acrobat doesn't tilt on the feet. Stops in this position. 
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a) Check if the balls have rolled down. 
b) Try to lower the head a bit. Loosen the nuts on the hip and push the head down a bit and then tighten the nuts again.

c) If he still doesn't tilt, it is often advisable to file off a bit from the heels. 1 mm x 10 mm in a little triangle. Look at the pictures. 

[image: image108.jpg]



[image: image109.jpg]



[image: image110.jpg]



This should do it. 
6) The acrobat gets stuck in the shoulder flip position. This is a common problem.
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a) First of all, make sure the string didn't get caught. 

b) Check the string length. 
As I described above, a shorter string would make the shoulder flip slower because it has to lift the legs up. But if the string is too short, the acrobat will get stuck in this position. 
It is also important to slow down this shoulder flip but not too much because then it would stuck.

c)Also, the weight in the head/neck helps to overcome the dead spot. You could always give more weight. That really helps to overcome the shoulder stuck position. 
7) The acrobat falls back. It has no time to put its hands down.

a) This is caused by too much weight or if the weight is placed too much up in the head instead of the neck area. 

b) It can be also be that the string got stuck. (See #2) above.)

c) The friction between the steps and sole or hands has a significant effect. 
Check if the surface is not too slippery or if it is not slippery at all. Ideally it should be a bit slippery but not too much.

THE STEP-FLIP TEST

If your acrobat performs well on a flat surface (shoulder-and-hip flip) you can try it on the steps. This is the step-flip test.
Obviously the step-flip starts with a hip-and-shoulder flip on the highest step. The critical point is when the acrobat tumbles down a step as seen on the picture.
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When the acrobat lands on a lower step, it should stop for a moment. And the sequence starts all over. 
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POSSIBLE ERRORS AND CORRECTIONS
in the step-flip

The most important parameter here is the step hight relative to the acrobat hight. More precisely the distance between the hands and the feet. That means the acrobat has to fall down to the next step; fall down just a bit, but not too much.[image: image114.png]
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1) The acrobat gets stuck on his hands.
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a) The simplest way is to move the steps. 
See the video of 31 Zekő solving the problem of stopping on the step.

b) You can try putting some weight on his behind but it could cause other problems, for example he would stuck in the shoulder-flip. 

c) You could raise his arms by placing the arm stopper a little more to the beck.
[image: image117.jpg]



d) Shorten or completely remove the hand extensions.

2) The acrobat always moves to one side and so falls down the steps.

a) This is obviously caused by some kind of asymmetry. Gluing little pieces of cardboard or wood on the soles or hands could help but for a sure solution you might have to disassemble and reglue the whole body more carefully. 

3) The acrobat completely falls on one side.

a) If it happens often you have no choice but to reglue the whole body.

IF FINALLY YOUR FIGURE PERFORMS WELL ON THE STEPS...

THEN YOU CAN START DECORATING HIM.

FIXING THE GIVEN STATUS

Glue the wire to the foot.
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Glue the hips to the legs.
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Glue all nuts.
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Glue the nut between the wire and the string.
[image: image127.jpg]



Check if your figure still somersaults well enough.
THE PAPERSTRIP

Cut an approximately 2 cm wide paperstrip from an ordinary copying paper of from a bit thicker paper.
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Glue and clamp it/them on the body.
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The paperstrip(s) glued on the body.
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THE POLISTIROL
Posh the leg and arm Polistirol pieces firmly on the rods end and nut to make  indentations.
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Now, carve out a little bit of the Polistirol to make space for the rod end.
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Glue the Polistirol on the leg.
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Glue on the feet pieces, too.
[image: image136.jpg]



Repeat on the other side and on the arms, too.
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Trim the hand pieces properly.
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And glue them on. 
[image: image139.jpg]



Send off the heels if needed.
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Use some jesso to paint the hole figure. 
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Then use your fantasy to decorate your figure. You can see my figures on my website. 
A SERIOUS WARNING
After putting on all those Polistirol decorating pieces and all those paints your acrobat might won't perform. In that case you most likely have to put on more weight on the neck and try a various little tricks to make him work well again. 
GOOD LUCK! It takes a lot of patience. 

Another trick which might help in certain cases is putting some kind of weight in the hands. (A thick iron wire in this case.) It makes the movement firmer.
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