Tensegrity Structure Toy

A Hands-On Build Guide

Estimated build time: 60-90 minutes - Difficulty: Beginner—Intermediate

About This Project

Tensegrity (short for tensional integrity) is a structural principle where rigid elements — here,
bundles of chopsticks — are held in place entirely by a network of tension cables (cotton thread).
The rigid parts never actually touch each other; it is the balanced pull of the strings that keeps the
structure floating and stable.

This toy demonstrates the same engineering principle used in bridges, sculptures, and even human
skeletons. When you finish, try gently pressing down on the top platform — you will feel it compress
and spring back.

Materials & Tools

Figure 1 — Materials and
tools




Tools

A Hot glue gun Used to bond all chopstick bundles together.

B Scissors For cutting cotton thread.

C Saw (small hacksaw) For cutting chopsticks to length.

D Wood file / nail file For smoothing rough cut ends so pieces sit flush.

E Marker For labeling lengths on chopsticks before cutting.

R Ruler (cm) For measuring all cut lengths accurately.

P Cutting mat Protects your work surface when cutting and gluing.

Materials (Chopsticks + Thread)

W-1 (16 cm) 8 pieces Cut 8 chopsticks to 16 cm

W-2 (12 cm) 24 pieces Cut 24 chopsticks to 12 cm

W-3 (8 cm) 8 pieces Cut 8 chopsticks to 8 cm

Cotton thread ~2 m total For tension cables (see Steps 4-9)

Note: All chopsticks are disposable wooden chopsticks (split-apart kind). Use the marker and ruler to
mark lengths before sawing, then smooth the cut ends with the wood file so they sit flat when glued.

How the Structure Works

Before building, it helps to understand the final shape. The finished toy has three horizontal
platforms stacked vertically, connected only by diagonal tension threads — the platforms float
because the strings pull against each other in perfect balance.

You will build two identical frame halves (called K), then connect them with the tension thread
network. The naming system used in this guide:

w-1’ 4x W-1 glued together Vertical post (tall)

w-2’ 4x W-2 glued together Horizontal arm

W-3’ 4x W-3 glued together Top cap / platform piece

W-2(g) 3x W-2' in a C-shape Base frame (seen from front: " 1 ; shape)

K W-1" + W-2(g) + W-3’ One complete frame half (build 2 of these)



Build Instructions

Step 1: Bundle the Chopsticks

Group chopsticks of the same length in sets
of four. Use hot glue to bond each group of
four into a single tight bundle. Work on the
cutting mat to catch any glue drips.

When done, you should have:
* 2 bundles of W-1’ (16 cm each)
* 6 bundles of W-2’ (12 cm each)
* 2 bundles of W-3’ (8 cm each)

Note: The hot glue creates small gaps
between the chopsticks. This is normal and
intentional — the gaps are used later to thread
the cotton string through.
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Figure 3 — Step 1: Completed bundles (W-1'x2, W-2%6,
W-3'%2)



Step 2: Build the Base Frame (W-2(g))

Take three W-2’ bundles and glue them into a
C-shape (like the letter “C” or a squared-off
bracket). One bundle forms the top, one
forms the bottom, and one forms the back —
the front is left open.

Make two of these C-frames. Each one is
called W-2(g).

Note: It is fine if chopstick ends protrude by
up to 0.5 cm at the corners. This does not
affect the final structure.

Step 3: Assemble Frame Half K

Glue one W-1’ bundle vertically into the back
of a W-2(g) frame, so it stands upright inside
the open C-shape. Then glue one W-3’
bundle horizontally across the top of W-1’.

The result is a small freestanding frame with:
+ Aflat base (the bottom arm of the C)
+ A vertical post (W-1’) rising from the
back

+ A short cap (W-3’) sitting across the top
of the post

Make two of these. Each one is called K.

Note: Take care to keep adjacent parts
perpendicular (90°) to each other as the glue
sets. Check by eye from the front and side.

Figure 4 — Step 2: W-2(g) C-frame assembly




Step 4: Cut the Connector Thread

Cut one piece of cotton thread approximately
22-25 cm long.

This thread will connect the two K frames at a
mid-point and is the first structural tension
cable.

Step 5: Anchor One End of the
Connector Thread

Weave one end of the 22-25 cm thread
through the gap between chopsticks on one
of the K frames. Pass it through and tie a
secure knot around one individual chopstick
so the thread end is firmly fixed and cannot
slip out.

Note: You can anchor at any position on the
top section of K. The exact position will be
mirrored on the second K frame in the next
step.

Figure 6 — Step 3: Completed K frame with W-3’ cap
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Figure 7 — Step 4: Cotton thread cut to 22—25 cm

Figure 8 — Step 5: Anchoring thread end to K frame



Step 6: Connect the Two K Frames

Hold both K frames facing each other
(mirrored). Thread the free end of the
connector thread through the corresponding
gap on the second K frame and tie it off.

Adjust the thread length so the two frames
are held approximately 10 cm apart. The
frames should float apart — only the thread
keeps them connected.

Note: 70 cm is the target gap. You will do a
fine tension adjustment in Steps 8 and 9, so
do not tie the final knot too tightly yet.

Step 7: Add the Four Diagonal Cables

Cut four pieces of cotton thread, each
approximately 50 cm long. Tie one end of
each thread firmly to one of the four top
corners of the assembled half-structure (the
top edges of the W-3’ caps on both K
frames).

Leave the four free ends hanging loose for
now — they will be anchored to the bottom in
the next step.

Note: Space the four anchor points at the four

corners so the cables will pull diagonally and
symmetrically when tensioned.

Figure 9 — Step 6: Two K frames connected with ~10 cm
gap
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Figure 10 — Step 7: Four diagonal cables attached to to
corners




Step 8: Tension and Anchor the
Diagonal Cables

Lay the structure on its side on a flat surface
so both K frames are horizontal. This makes
it easier to adjust thread lengths evenly.

Feed the free end of each of the four diagonal
threads down to the bottom frame and
temporarily fix it (a loose half-knot is fine for
now). Visually compare the four thread
lengths and adjust until they all look equal.

Once they look equal, stand the structure
upright and check that it balances
symmetrically.

Note: This step takes the most patience. Lay
it flat, adjust, stand it up, check, and repeat as
needed until the structure sits level.

Step 9: Fine-Tune Tension

With the structure standing, gently pull each
of the four diagonal threads one at a time with
your finger. Each thread should feel roughly
the same tightness. If one feels noticeably
looser or tighter than the others, re-adjust its
length.

When all four threads feel equally taut, tie
final secure knots to lock them in place.

Note: Equal tension in all four cables is what
makes the structure truly float. Do not rush
this step.

Figure 11 — Step 8: Structure laid flat for cable length
adjustment

Figure 12 — Step 9: Checking cable tension by hand



Step 10: Trim and Finish

Use scissors to trim any loose thread ends
close to the knots. This cleans up the look of
the finished toy.

Your tensegrity structure is complete! Try
pressing gently on the top platform to feel the
spring-like compression and release.

i
Figure 14 — Step 10: Trimming excess thread
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Figure 15 — Completed tensegrity structure

Troubleshooting

roven s

Structure leans to one side

Top platform wobbles or tips

Glue joint is weak / bundle
separates

Thread slips through the chopstick
gap

Structure collapses when released

One or more diagonal cables is tighter than the others. Loosen
the tight side or tighten the slack side until the tension is
balanced.

The connector thread between the two K frames (Step 6) may
be off-center. Check that the thread anchor points are at
matching positions on each frame.

Apply more hot glue along the full length of the bundle, not just
at one spot. Let it cool fully before applying load.

Tie a double knot, or wrap the thread around an individual
chopstick twice before knotting.

The diagonal cables are too long. Shorten all four cables by
equal amounts and re-test.



Reflection

The idea for this instruction set came from a short TikTok video that showed how to make
a small tensegrity toy. | thought this topic fit the definition of “something technical”, so |
decided to turn it into an operation manual. In practice, the whole process took more time
than | expected, especially when figuring out the product dimensions, materials, and tools.
| spent a lot of time testing and revising these details to make sure the build could be
completed successfully.

Cutting bamboo chopsticks was harder than | imagined, especially because | needed to
cut dozens of them. | tried several tools, including a utility knife, a coping saw, and a hand
saw. In the end, | used a power saw because it was much faster. However, most users
may not have a power saw at home, and not everyone knows how to use one safely. For
that reason, | listed a small hand saw in the materials/tools section. It is more accessible
for general users. Although it requires more effort, it is still much easier than using a utility
knife or a coping saw.

For the usability test, | did not ask the testers to prepare the materials or tools. To save
time, | pre-cut the chopsticks, added labels and markings, measured the dimensions, and
prepared all the tools for them. My goal was to test whether a person could complete the
build by following the instruction set only. Based on that setup, | originally expected the
process to take about 20-30 minutes. The two testers were a high school student and a
mechanical engineer, so | did not expect the task to be difficult for them. However, during
the actual test, Ethan took about one hour, and Kevin took 33 minutes. Both of them also
reported that some parts of the instruction set were confusing.

Based on their feedback, | realized that many of my photos were not clear enough. Even
with written explanations, the images did not always communicate the steps effectively,
which caused problems during assembly. Realistically, it is not possible for me to retake all
the photos, because that would require rebuilding the product from scratch. To partially
address this limitation, | added a troubleshooting table at the end. It is still less specific
without additional visuals, but it may help users solve some common problems during the
build.
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