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If you ever did the egg drop challenge, you know it is hard to
build something that can protect a fragile egg from crashing into

l =M ADITYA the ground and breaking. Engineers are building soft robots called
GOER tensegrity robots, which are designed to survive harsh crashes. The

PR word tensegrity comes from “tension” and “integrity”. It means the

AGE: 14 robot is made of stiff bars held together with stretchy cables. This
flexible structure helps a tensegrity robot absorb the impact from

ARUN crashes. Someday, these robots might be used to explore dangerous

AGE: 11 places like deep caves or other planets. These robots could fall off

cliffs or into craters. Right now, engineers are making tensegrity
robots better and easier to control. In this article, we will explain
how tensegrity robots work. We will discuss their advantages, their
disadvantages, and what they can be used for.

Seventy years ago, an artist named Kenneth Snelson started to build
the interesting sculptures you see in [1]. These sculptures
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TENSION

A pulling force that
makes things tight
when you pull on them,
like strings, ropes,
cords, and cables.

INTEGRITY

A structure with many
parts that are attached
and stay together.

Figure 1

Two tensegrity
sculptures by Kenneth
Snelson [1]. (A) X-piece
from 1948. (B) Easy
landing in Baltimore
from 1977.

Figure 2

(A) NASA's SUPERDball
tensegrity robot can
roll on dirt. (B) It can
pack itself flat. (C) It can
also survive a fall from a
roof. The engineers at
NASA built SUPERDball
to explore other
planets. Reprinted with
permission from
“Design of SUPERball
v2, a compliant
tensegrity robot for
absorbing large
impacts” [2].

have stiff bars tied together by tight cables. The cables make it look
like the bars are floating. Snelson'’s teacher was an architect named
Buckminster Fuller. Fuller called these floating sculptures “tensegrity”.
This word combines tension and integrity. Tension means the cables
are tight. Integrity means the sculpture stays together. Fuller and other
architects noticed that tensegrity sculptures are useful. They can be
used to build structures like a roof or a bridge. A tensegrity is mostly
empty space. Structures built with a tensegrity can be lightweight and
even cost less money.

Figure 1

Many years later, engineers started to build tensegrity robots (Figure
2) [3]. Tensegrity robots do not look like normal robots. Instead,
they are made of stiff bars and tight cables, just like tensegrities.
These robots have the same advantages as tensegrities—they are
lightweight, flexible, and mostly empty space. You can even fold up
tensegrity robots so that they are easy to send to faraway places like
other planets.

Figure 2
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EGG DROP
CHALLENGE

An activity that kids do
in some schools and
summer camps. Design
something to protect
an egg when it gets
dropped from very
high.

CENTER OF
GRAVITY

The point on your body
where Earth’s gravity
pulls on you. In physics
calculations, this point
can be thought of as
where all your weight

is located.

LOCOMOTION

A robot or another
machine moving itself
from one place to
another.

ACTUATOR

The part of the robot
that makes it move, like
a motor.

There is one more big advantage to tensegrity robots: they can survive
falling off a clifft When a tensegrity robot crashes into the ground, its
shape will deform to absorb the impact. You can understand how this
happens if you have ever jumped on a trampoline. It does not hurt to
fall on a trampoline because the trampoline is flexible and deforms
when you land on it—unlike falling on cement! Tensegrity robots are
also flexible like trampolines, so they absorb the energy from impacts.
Engineers at NASA are excited to build tensegrity robots for this reason
[2]. They want to make tensegrity robots that can crash land on other
planets, or that can roll into craters to explore the bottom. Watch
a video of NASA's tensegrity robot here [2]. Future tensegrity robots
will have to protect the scientific instruments they carry. That is even
harder than the egg drop challenge from school! After it survives the
drop, the tensegrity robot must explore its surroundings. But how can
we build tensegrity robots and get them to move?

HOW CAN WE MAKE TENSEGRITY ROBOTS MOVE?

If you stand on your tiptoes and lean forward, you will fall over. You
might be surprised to learn that is how tensegrity robots move around!
When you are standing up normally, your center of gravity is directly
above your feet. Even if you lean forward a little bit, your center of
gravity will still be above your feet, so you will not fall. When you stand
on your tiptoes, the area your feet support is smaller, so now leaning
forward even just a little can make you fall. Instead of feet, tensegrity
robots have a structure called a polygon of stability as their bottom
face. When a tensegrity robot shrinks its polygon of stability, it is like
standing on tiptoes. Then, the robot can deform its shape and fall
over, or roll over, by pushing its center of gravity outside its polygon
of stability. The tensegrity robot can keep rolling by falling over again
onto the next face.

Other tensegrity robots use different strategies for locomotion. In
addition to rolling, some tensegrity robots crawl, jump, vibrate, and
even swim. Most tensegrity robots move by using electric motors
to make their cables longer or shorter. Other tensegrity robots use
inflatable actuators to get their bodies to deform. Watch this video
to see a crawling tensegrity robot with inflatable actuators [4]. There
is a lot of variety when it comes to tensegrity robots, which makes
them cool and exciting to study. But it can be difficult to design a new
tensegrity robot because there are so many choices to make.

SIMULATIONS HELP US DESIGN AND CONTROL
TENSEGRITY ROBOTS

Building robots can cost a lot of money. Sometimes we do not know
what type of robot to build for a task. Even when we do, we might not
know how to get it to move. It is easy to understand the locomotion of
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SIMULATION

A computer program
that uses physics or
data to predict how a
robot will move.

SIM2REAL GAP

The small (or large)
differences between
simulations and the real
world. No simulation
can ever be perfect, so
there will always be a
gap between
simulation and reality.

a car—spin the wheels to move forward and turn the front wheels to
turn. Unlike a car, tensegrity locomotion is not obvious. Which cables
should the robot pull to move forward or turn? Engineers solve these
problems by making simulations on a computer. A simulation is like
a video game. In a video game, you can control a character, making
it run and jump. The game calculates where you land using physics
and math. Simulations do the same thing, but for robots. Simulations
predict what a robot will do when we give it some controls, which
helps us figure out the best controls. The simulation can also tell us
how good a robot will be before we build it.

We can make simulations with lots of different tensegrity robots.
These robots can have different numbers of bars, different shapes, and
different sizes. Then, we can compare their speeds or another property
to choose which robot is the best one. We can even use the simulation
to find out the best strategy for locomotion. Just like you can run,
walk, crawl, and swim, tensegrity robots have different ways they can
move around. The best way to move depends on the surroundings.
Simulations tell us if a certain tensegrity robot can roll or crawl, and
they also tell us which cables it needs to pull on to move a certain
way. In this video, we use a simulation to learn how to control a 3-bar
tensegrity robot [5].

Itis hard to make simulations of tensegrity robots because these robots
are flexible, which makes it more complicated to predict what they
will do. Also, when a tensegrity robot pulls on one cable to make
it shorter, that will affect all the other cables in the tensegrity. Even
with these challenges, researchers keep making better simulations for
tensegrity robots [5]. No matter how hard we try, we will never simulate
a robot perfectly. This problem is called the sim2real gap. There are
lots of things in the real world that are hard to measure precisely. Even
if we could, the real world has some randomness that is impossible
to predict. Simulations are useful for figuring out how to design and
control tensegrity robots. Still, we always must build the real robot and
test it to check the simulation. Then, we can be happy if our simulation
is accurate!

TENSEGRITY ROBOTS IN THE FUTURE

When Kenneth Snelson was making art sculptures 70 years ago, he
did not know that his work might lead to robots that explore other
planets. Today, engineers keep designing new and better tensegrity
robots. One day, tensegrity robots might search underground caves
[6] or the bottoms of craters (Figure 3). They might do other things we
have not even imagined. No one thought art would become a robot
one day! There are still problems to solve, though. Tensegrity robots
can be difficult to design, simulate, and control. Tensegrity robots are
also not as reliable as robots with wheels or even legs. More research
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Figure 3

These illustrations
show the future of
tensegrity robots. (A)
Engineers in Japan are
building tensegrity
robots to explore
underground caves.
Reprinted with
permission from “large
torsion thin artificial
muscles tensegrity
structure for twist
manipulation” [6]. (B)
We think tensegrity
robots will also explore
craters on other
planets.

Figure 3

is needed for tensegrity robots to reach their full potential. Maybe you
will be the one to solve these problems!
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YOUNG REVIEWERS

ADITYA, AGE: 14

Hi, | am Aditya. My interests are reading, STEM, and the flute. | enjoy reading (mostly
fantasy and literary nonfiction) because of its aspect of immersion, placing my full
attention on the world and story sculpted by the author. | enjoy the flute for a similar
reason, focusing on a calming and stimulating activity. As for STEM, | believe that the
pursuit of knowledge is an admirable and fulfilling goal, so | feel some amount of
satisfaction when | learn something new.

ANSAR, AGE: 14

I am a 14-year-old boy and | live in Kazakhstan. | am a huge fan of swimming, and |
compete on a professional level. | am also a part of local urban planning community
focused on eco-friendly and sustainable solutions. In my free time from school, | love
baking, dancing, reading fiction books, and spending time with my friends.

ARUN, AGE: 11

Hi, I am Arun. | like Math and my favorite subject is history. | like history because it
helps me imagine everything in the past that is important. | want to be a zoologist
when | grow up because | like animals. | want to learn about how animals can change
our way of life as we know it today. Also, | want to learn how taking away one animal,
changing an animal, or adding a new animal affects the ecosystem and food chain. |
play soccer and badminton. | love playing video games and watching movies.
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