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A jump from nature to technology
What humans can learn from animals

The giant red 
kangaroo can grow up to 1.8 

metres and weigh 90 kilograms. 
It reaches a speed of 70 kilo-

metres an hour and jumps 
three metres high.



Long jump world record by the 
giant grey kangaroo

There are over 50 different 
types of kangaroo in Australia.

AUSTRALIA

13.5 m

If a person had to move like a 
kangaroo, they would soon be out 
of breath. The person lacks what 
is needed to keep on hopping. 
A kangaroo, on the other hand, 
is ideally equipped: it has long 
back legs, powerful muscles and 
a strong Achilles tendon.

When a kangaroo lands, it saves 
energy in the Achilles tendon on 
its foot. This energy is reused 
so that the animal can jump high 
and wide. The same thing hap-
pens every time it lands: energy 
is stored in the Achilles tendon 
and released when it jumps up.

A kangaroo can pick up speed 
very quickly. It does not even have 
to hop more often to do this – it 
simply takes longer jumps when 
it is fl eeing. This behaviour made 
scientists curious. They took a 
closer look at how kangaroos hop.

Children in 
Australia call kangaroos 

roos. That is why I am 
called Roony.



The BionicKangaroo 
is one metre tall and weighs 

seven kilograms. When you wave 
at it, it hops towards you.

Bionic



When the researchers under-
stood the kangaroo’s hopping 
mechanism, an idea came to 
them. They wanted to develop a 
new form of technology with the 
help of an artifi cial kangaroo. 
The  intention was to use the tech-
nology later in modern factories.

The bionic engineers carried 
out experiments. They tried out 
devices, motors, control elements 
and materials. After many tests, 
it could be seen that the  technical 
systems went well with each other. 
The artifi cial kangaroo was born 
and was named BionicKangaroo.

The BionicKangaroo jumps a 
 distance of 80 centimetres and 
can reach a height of 40 centi-
metres. Its Achilles tendon is 
made of rubber. Just like on a real 
kangaroo, the tendon tenses 
up on every landing and saves 
the  energy for the next leap. 
The  artifi cial  kangaroo gets the 
power for its movements from 
electricity and air.

The bionic engineers took two 
years to study the real kangaroo 
and complete the fi nished, error-
free hopping BionicKangaroo.

A kangaroo is 
the only animal in the 

world that can get faster 
without extra energy.



The word 
bionic is made up of 

the words biology and electronic. 
First of all, researchers focus on the 

character istics or abilities of living crea-
tures – like how a kangaroo jumps. 

Bionic engineers then transfer 
the results to the 

technical fi eld.
When a machine is driven by 
compressed air, we call this 
pneumatics. The pneumatic drive 
provides the BionicKangaroo 
with the power it needs to jump. 
The electric motors make sure 
that it does not fall over. The 
motors control the hip joints and 
tail at exactly the right  moment.

The combination of the two drive 
mechanisms – pneumatics and 
electronics – makes it possible for 
the BionicKangaroo to move in 
a dynamic way that saves a lot of 
energy. This also applies to other 
machines or robots.

From the real kangaroo, the bionic 
engineers learned how to im-
prove the factory of the future. 
But  other animals also make good 
role models. Scientists in the 
bionics fi eld look for these proper-
ties and put them into practice in 
technology.

Studying

Bionic



If you point 
your smartphone 

at the character code at the 
back of the book, you can 

see a short fi lm about 
the BionicKangaroo.

The 3D
printer ‘prints’ 

the full head of the 
BionicKangaroo.

Trying out

Producing



World champion dragonfl y
How much miniature technology is inside the fl ying robot?

A dragonfl y is 
the best fl yer in the 

world. It can still fl y even
if a wing is injured 

or missing

The furthest 
fl ight made by a 

dragonfl y was 1,000 
kilometres.

A dragonfl y 
weighs as much 

as a postage 
stamp.



Dragonfl ies are colourful preda-
tors that catch their prey whilst 
fl ying. They can brake as if at the 
press of a button and hover in the 
air. Gliding or accelerating quickly 
is no problem for them either. 
There is no fl ight manoeuvre in 
the world that dragonfl ies do not 
possess.

A dragonfl y can fl y backwards 
at any time or steer itself straight 
up and down. To do so, it moves 
its four wings independently of 
each other. Specialists for bionics 
studied this fl ying behaviour and 
designed a robot dragonfl y called 
the BionicOpter.

The intention was for the 
 BionicOpter to be able to fl y as 
well as a real dragonfl y. To do 
this, the bionic engineers had to 
house a great deal of technology 
in the smallest of spaces: in the 
robot dragonfl y’s ribcage there 
is a  battery, mechanical parts, 
ra dio modules, control elements 
and nine motors. The tiny com po-
nents are perfectly coordinated.

The giant 
dragonfl y lived on 

earth many millions of 
years ago. It had a wing-
span of 75 centimetres. 

The BionicOpter is 
somewhat 

smaller.

The BionicOpter’s body is 44 
centimetres long. Its wing-
span is 63 centimetres. With a 
weight of only 175 grams, it is 
extremely light.



BionicOpter 
A smartphone 

is suffi cient as a remote 
control to steer the

 BionicOpter. It stabilises
 its fl ight itself.



The BionicOpter 
can fl y better than a 

pow ered aeroplane, a glider 
and a helicopter put 

together.

The BionicOpter’s ribcage 
houses all the components 
in miniature form. The small 
motors are only two centi-
metres long.

There is one drive motor for all of 
the wings. It determines how fast 
they beat up and down. Each wing 
also has two of its own motors: 
one of them controls how far the 
wings twist whilst fl uttering. 
The other motor controls how far 
the wings vibrate up and down.

The small motors allow the four 
robot wings to move separately. 
In order to fl y safely, the wings 
must be pliable. On a real dragon-
fl y they are somewhat thicker 
close to the body. They get thinner 
towards the tips of the wings and 
are wafer thin at the end.

All the materials that make up 
the BionicOpter are very light. 
Its wings have a frame made of 
carbon fi bres, which is covered 
with a thin fi lm. The wing frame 
is reinforced on the top edge but 
disconnected underneath. 
This makes the robot dragonfl y’s 
wings pliable in the air and sta-
bilises its fl ight. 



Fin and fi nger
How fi sh taught robots to grip

When sideways pressure 
is applied to the tail fi n, a fi sh 

picks up speed and swims forwards. 
The fi n bends which causes 

water to be trapped; the
water is then pushed

away.



If you push against the tail fi n 
 with your fi nger, something un-
usual happens. It does not bend 
away from your fi nger, but instead 
wraps around it. We are not used 
to this from other parts of the 
body or objects. They normally 
get out of the way.

The wrap-around effect can be 
observed on all fi sh fi ns. 
It  ensures that fi sh move quickly 
underwater. Bionic engineers 
have called this behaviour the 
Fin Ray® effect. 

Scientists have transferred this 
natural effect to the fi eld of 
 technology. It is used on the 
grip ping  hand of a robot that 
goes by the name FinGripper. 
The hand  consists of three fi ngers, 
which are all equipped with the 
fi n ray trick.

The fi sh-fi n structure always 
bends towards the force. 
The individual fi n rays each 
consist of two lengthways 
rays. They are held together 
by an elastic body tissue.

The fi ngers on the FinGripper 
are designed as an  elongated 
triangle with transverse 
 connections. They are com-
prised of an elastic material 
that may be used for food. 

Whilst fi shing, 
a bionic engineer took 

a  closer look at different 
fi sh fi ns. In doing so, 

he discovered the 
Fin Ray® effect.



FinGripper

At the back 
of the book are some

instruc tions on how to make 
a gripper fi nger according 

to the fi sh-fi n 
principle.



The Fin Ray® effect 
can be found in the book on 

 various bionic animals. 
It is marked with

The FinGripper grips all objects 
safely and carefully. It readjusts 
to their different shapes each 
time. The technical word for this 
is adaptive gripping.

The gripper fi ngers place them-
selves carefully around the curved 
surface of a light bulb, for example. 
They hold it tight without break-
ing it. The light bulb can be safely 
transported onwards or trans-
ferred to a packaging machine. 
This also works with chocolate 
eggs, fl ower bulbs or fruit. 

The robot hand encloses an apple 
completely. It does not need much 
force to hold it. There are no areas 
on which pressure is exerted, 
which could lead to the apple 
being bruised. You can test it 
yourself: if you hold an apple with 
two fi ngertips, you have to press 
fi rmer to prevent it being dropped. 
If you grip it with your whole 
hand, however, it is easier.

The FinGripper can grip different 
sized and jumbled up objects 
in a factory without any problem 
– and it can handle these objects 
consecutively because it adapts 
to the shape in question. 
 Other  robots are often only pro-
grammed for one particular type 
of grip.



An ant colony 
can survive for more 

than 80 years.

The biggest ant colony in 
the world stretches from Italy 

to Spain. The creatures manage 
to organise themselves 

across a distance of 
5,760 kilometres.

Ants can build 
a raft or bridge out of 

their own bodies. They 
survive fl oods as a collective. 

The artifi cial ants work 
together just as 

intelligently.

Swarming together
How ant robots organise themselves intelligently



An ant colony is perfectly organ-
ised. There is a queen, small 
males and female workers. 
Every creature is hard-working 
and knows what to do, even 
during times of great chaos: 
repair the anthill, look after the 
young, fi ght enemies, hunt prey 
or transport food.

If a lone ant needs help carrying 
 a heavy leaf or a fat caterpillar, 
its fellow ants are immediately 
there to assist. They join in and 
bring the food home together. 

Together the creatures are so 
strong that they can carry heavy 
loads or overcome complicated 
problems. Whilst doing so, they 
always respect the rules of their 
colony.

The bionic engineers were fas-
cinated by these abilities. 
They  developed artifi cial ants: 
the BionicANTs. The ant robots 
behave like an intelligent group 
of animals. They are able to 
coordinate with each other and 
complete tasks according to 
programmed rules.

Between 
100,000 and 2,000,000 

creatures live in 
an anthill.

Ants leave attractants behind 
when on the move. They mark 
the way to a source of food for 
their fellow creatures.

The BionicANTs communicate 
by radio and coordinate their 
tasks with each other.



BionicANTs

Together, ants are very 
strong. They lead a harmonious 

and cooperative life together. When 
robots behave like ants, they can take 

on  various tasks in the factory and 
 organise them fl exibly.

The ant robots 
know exactly how they have 
to work together. The bionic 

 engineers have given them sim-
ple rules of behav iour to 

do this.

Piezo component without 
(electric) current

Piezo component with 
(electric) current



When a swarm of small and inde-
pendent robots works in a factory, 
various items can be produced in 
no time at all. The robots not only 
complete previously defi ned jobs, 
but also join forces if needed. 
Together they can accomplish more 
than one big robot could on its own.

Together the BionicANTs can 
transport a ball, for example. 3D 
cameras on their heads are used 
to guide them around the area. 
The cameras also help them to fi nd 
the ball. The ant robots are linked 
to one another via radio so that 
they can decide which of them will 
push or pull the ball.

A new kind of drive with piezo 
technology allows the BionicANTs 
to move. The trick here is that the 
piezo elements defl ect as soon 
as an electric current fl ows. 
The defl ection process makes the 
legs run and the mouth instru-
ments grip. There are three piezo 
elements on each ant leg, which 
lift and pivot the leg.

The BionicANTs 
are 15 centimetres 

long and weigh 
30 grams.

The electronics used by the 
BionicANTs are incorporated 
into the surface of their bod-
ies. They do not needs wires 
or additional components.



The split ends on the hairs 
of the feet are wafer thin. 
They are nestled close to the 
surface. This creates holding 
forces.

The eggs carrying 
the gecko’s offspring stick 

to walls or stones as if 
glued on.

Sticking without adhesive
How robots hold glass surfaces



When a person goes climbing in 
the mountains, they need equip-
ment to help them, such as ropes 
and karabiners. A gecko, however, 
can climb a surface as smooth 
as glass with no assistance. 
It hangs upside down on a wall. 
To do so,  it uses no kind of 
 adhesive, no suction cups and 
no hooks.

Its secret lies in the soles of its 
feet. Its toes have fi nely layered 
vanes on the underneath with 
an extremely high number of tiny, 
invisible hairs. These tiny hairs 
are much thinner than human hair 
and are split at the end. They are 
nestled so close to the wall that 
holding forces develop.

The tiny material parts on the 
hairs and the surface – called 
molecules – attract each other. 
The attractive force of one single 
small hair is only weak. 
But  because there are a lot of 
hairs, the small forces add up to 
make one big force. The gecko 
is able to hang effortlessly from 
a ceiling – as if glued on to it.

A gecko has a 
lot of strength in its feet. 

It can lift its whole body with 
a single toe. Its foot can even 

hold a weight of 
ten kilograms.

There are tiny hairs on the vanes 
of the gecko’s foot. There are 
about 29,000 of them per square 
centimetre. The adhesive fi lm 
on the NanoForceGripper has 
a similar design. 

The attractive force between the 
molecules on the small hairs and 
the surface is called the van der 
Waals force. Dutch physicist 
Diderik van der Waals discovered 
the phenomenon.



NanoForceGripper 

The NanoForceGripper 
even holds a glass panel 

tight during a power failure.
It cannot be dropped.

Adhesive surface when 
pressed against

Adhesive surface when 
released



When the gecko lifts its foot, the 
adhesive effect immediately ends. 
It peels its toes off the window-
pane. One tiny hair after the other 
comes unstuck in the process. 
No scratches or sticky marks are 
left behind.

Specialists in the bionics fi eld have
developed a gecko gripper. The 
tool is called NanoForceGripper. 
In the factory, it transports smooth 
and slippery glass panels like 
smartphone displays. 

Like the real gecko, it needs hard-
ly any energy to do this.

The gripper lifts the glass with the 
help of a special fi lm. The fi lm has 
tiny sticky elements that work 
exactly like the small hairs on the 
gecko’s foot. When the glass 
needs to be put back down, a 
slight pressure is applied  to the 
NanoForceGripper. It changes 
shape from a straight to a curved 
surface and the holding force 
comes undone.

The NanoForceGripper is 
designed as a fi n ray structure. 
Under light pressure, it bends 
towards the force and peels 
itself off the glass surface like 
the toes of a gecko. The glass 
and the gripper remain clean.

To lift a glass 
panel, the gripper uses 

the gecko effect. To put it 
back down, it uses the 

fi sh-fi n effect.



Flying like a seagull
How the secret of bird fl ight was unearthed

The top speed 
of the SmartBird is 

30 kilometres 
per hour.

A seagull is 
very light. It saves a 
lot of energy due to 

its low weight.



The skeleton of birds weighs less 
 compared to other animals of the 
same size. In its bones are hollow 
spaces which are fi lled with air. 
The bones are sturdy nevertheless. 

The skeleton of the SmartBird is 
made of carbon fi bres. The material 
does not weigh much and provides 
stability.

Seagulls are fl ying acrobats. 
They can glide calmly even when 
fl ying upwind. If they want to 
catch prey, they speed up their 
fl ight. The birds use their sensory 
organs and muscles for all their 
fl ying manoeuvres.

When a seagull moves its 
 outstretched wings downwards, 
the air is simply pushed away. 
This pushes the seagull forward 
a bit and it gains height at the 
same time. When it moves its 
wings back up, it fl exes the wings 
and twists them a bit.

Beating the wings up and down 
with the right amount of twist 

is part of the secret of fl ying. 
 Bionic engineers put the prin-
ciple into practice in technology. 
They built the SmartBird – an 
 artifi cial seagull, which can take 
off, fl y and land by itself. 

The secret of bird 
fl ight has been unearthed. 
The SmartBird can take off, 

fl y and land like a 
real seagull.



SmartBird

Although the SmartBird is some-
what bigger than a real seagull, 
it is much lighter. Birds do not 
weigh much by nature because 
they have almost hollow bones. 
The skele ton of the artifi cial 
seagull is made of a modern 
fi bre material that is very light. 
The SmartBird weighs just 
450 grams.

The battery of a 
mobile phone is enough for 

the SmartBird to be able 
to fl y for 20 minutes.



A small motor twists the wings when 
they move upwards. The timing of 
this and the level of rotation must 
be exactly maintained. The arm wing 
then generates the uplift and the 
hand wing generates the forward 
drive.

The SmartBird 
fl ies as stably as a seagull 
and does not crash even 

in a strong wind.

The SmartBird’s stomach is tightly 
packed: battery, motor, gear unit, 
mechanics and the control electron-
ics are housed here.

When the wings on the SmartBird
swing upwards, they twist each 
time just like on a real seagull. The
combination of these two move-
ments is provided by a  special 
drive. The wings are composed of 
two parts: a  secondary (arm part) 
and a  primary (hand part).

The up and down movement of 
the wings is biggest at the primary 
on the outside. If a person fl aps 
their arms, the movement is small-
er at the shoulders and bigger 
at the fi ngertips. It is exactly the 
same with birds and the artifi cial 
seagull. The SmartBird’s primary 
ensures the necessary forward 
thrust, whilst the secondary gives 
upward drive.



Clever without a brain
How jellyfi sh and machines communicate

There are types of jellyfi sh 
that can cause dangerous 
skin injuries.



Jellyfi sh are survival artists, 
which is why they have been 
on the earth for millions of years. 
They have no heart, no blood 
and no brain. A jellyfi sh cannot 
think about what it will do next. 
Its sensory organs and nerves 
automatically take care of the 
correct way to behave.

Jellyfi sh are 
made of almost 

99 per cent 
water.

A swarm creature on its own is 
not intelligent. But together as 
a swarm, fi sh, birds or jellyfi sh 
can achieve a lot and protect 
themselves against foes.

The body of a jellyfi sh is a hollow 
space with a single opening. It is 
surrounded by collecting arms, 
also called tentacles. The  opening 
is used as both a mouth and a 
bottom.

themselves against foes.themselves against foes.

When a jellyfi sh detects prey 
with the help of its sensory cells, 
its nerves immediately initiate 
the appropriate reaction: it moves 
towards the creature and tries 
to eat it. A bionic jellyfi sh, called 
AquaJelly, cannot eat fi sh. When it 
feels that its energy is running 
low, it simply swims to the near-
est charging station and fi lls up 
with electricity.

Thanks to its senses, the natural 
jellyfi sh knows which direction 
it has to swim in. The artifi cial 
jellyfi sh knows this from various 
 sensors in its body. Experts for 
bionics have learnt everything 
that these sensors have to be able 
to do from the real jellyfi sh.



AquaJelly

In a swarm 
of jellyfi sh, many 

thousands of creatures 
can be on the move together. 

Despite this, they do not 
collide or get their 
tentacles tangled.



The AquaJellies are able to 
swap information. We say that 
they  communicate in a swarm. 
They send signals to each other 
that give information about their 
 position. This means that they 
are able to glide through the 
water like a swarm of jellyfi sh in 
the ocean without obstructing 
each other.

The swarm of AquaJellies can do 
even more, however: it keeps 
to all the technical rules  defi ned 
by the bionics specialists. 
This also works without a brain 
or an extra control system.

Some types of 
jellyfi sh glow in the dark. 

With a bit of luck you can see 
the gleaming creatures in the sea 

at night. Scientists call this ability 
bioluminescence. The AquaJellies 

communicate using 
light signals.

Machines can also communicate 
via the Internet. They are there-
fore able to exchange information 
even across big distances.

Machines in factory buildings 
can communicate in exactly the 
same way. If a machine notices 
that another one is broken, it 
gives a solution as quick as 
a fl ash: the machines simply 
divide the new task between 
themselves. Production continues 
without any interference.

even across big distances.



A bull elephant 
can grow up to 3.5 metres and 

weigh 7,000 kilograms. Neverthe-
less, it has a fi nely tuned sense of 

touch thanks to its trunk. It can 
lift tiny branches or put its 

trunk round a friend.

Trunk as a helper
How agile and careful a robot can be



The trunk is made of about 40,000 
muscles arranged crossways and 
lengthways. The muscles are coun-
terparts. That is why it is so agile.

The African elephant has two 
fi ngers at the end of its trunk 
for gripping. 

Although the Asian elephant only 
has one fi nger, it is just as skilful.

An elephant would be helpless 
without a trunk. It needs it to eat, 
drink, shower, make its trumpet 
call or use as a tool. The trunk 
is made up of the top lip and 
nose. An elephant can stretch it 
up  towards a treetop and wrap 
it round a branch. Using the tip, 
it grabs a bundle of leaves, smells 
it and puts it in its mouth.

A robot in the shape of a trunk is 
just as agile. It is called the  Bionic 
Handling Assistant because it 
assists people with their everyday 
work or, in other words, it can 
help them. It bends in all required 
 directions like a real trunk. 
This makes it different from older 
 robots, which are often rigid.

When it is very 
hungry, an elephant 
eats 200 kilograms 

of plants a day.

Just like people, there are  right-handed 
and left-handed elephants. Some prefer

to bend their trunk to the right to 
grip, others to the left.



Bionic Handling Assistent

The air chambers are like tiny 
balloons. If they are blown up  on 
the left side, they push the trunk 
to the right. The chambers work 
against each other.



The bionic trunk 
is bendy and immediately 

moves out of the way in diffi -
cult situations. It never hurts a 
 person, even by mistake. It does 

not forget what it is supposed 
to do in diffi cult 
circumstances.

The trunk robot has three air 
chambers placed next to each 
other. A different amount of air 
is squeezed into these cham-
bers. If one of them expands at 
the side, the trunk moves in the 
 opposite direction.

At the end of the Bionic Hand-
ling Assistant there is a rotat-
ing  gripper with three fi ngers. 
The specialists for bionics de-
signed it so that it can pick up 
a raw egg and safely transport it. 
It is neither crushed nor dropped.

In a factory, the trunk robot can 
sort delicate vegetables or pass 
a workpiece to a fi tter. It is easy 
to control and never misses 
when it grabs. It always behaves 
 considerately towards people.

The bionic robot causes no harm 
to anybody. That is why it does 
not have to be behind bars like 
other robots. It can help people 
everywhere: whether they are 
at work, in a hospital bed or at 
home. It simply helps out wher-
ever it is taken.

People can work safely with 
the Bionic Handling Assistant. 
Nothing bad can happen. 
The robot works according 
to people’s rules and helps 
them. This provides is safe 
human–machine interface.

The robot trunk is not made 
 of steel or iron like other 
 machines. It is produced out 
of a light plastic material 
called polyamide.



If it drops from a 
great height, a cha meleon 
infl ates its lungs and thus 

cushions its fall.

A chameleon can 
move each eye individually 

and see clearly up to a
 kilometre away.

The tongue of 
the chameleon reacts within

fractions of a second when catch-
ing its prey. It accelerates up 

to 100 times faster 
than a car.

Catching prey with the tongue
How a soft chameleon gripper works



A chameleon spots its prey, 
tenses its tongue and lets it shoot 
out as quick as a fl ash. Before 
the tongue touches the insect, 
the chameleon pulls the tip of 
its  tongue back. The edge of its 
tongue moves further forwards, 
however.

A kind of suction cup is created, 
which wraps around the insect 
and holds it tight – no matter 
how big the insect is or which 
part of its body has been caught. 
The chameleon then pulls its 
tongue in like a fi shing line and 
eats  the trapped creature.

The ejected tongue can 
become twice as long as 
the  chameleon itself.

The word chameleon comes 
from Greek and means ground 
lion.

Based on this role model, the 
experts for bionics designed 
a new gripping tool. They called 
it the FlexShapeGripper, because 
it grips different shaped things 
like a chameleon’s tongue:  coffee 
beans and walnuts, screws and 
tools, spectacles and cables. 
The chameleon gripper, unlike 
other grippers, can also transport 
 several items at once.



FlexShapeGripper
The chameleon gripper is so  fl exible 
that it can collect several items and 

put them back down in
a single work step.

The 
FlexShapeGripper 

is soft at the tip. It can 
hold objects without

damaging them.



The FlexShapeGripper is made 
of two parts that work together 
when gripping: a water chamber 
with an elastic skin and an air 
chamber on top of it. The water 
tank is fastened to a thin rod.

If air is removed from the top 
chamber, the pressure on the 
 water drops and the rod moves 
upwards. At the same time, the 
skin on the end of the water 
chamber is pulled inwards – simi-
lar to the tip of the chameleon’s 
tongue. The FlexShapeGripper 
can now wrap around the object.

A gripper with a soft tip is 
something new in the factory. 
Until now, most machines in 
production have been made of 
hard material. The chameleon 
gripper does not clamp anything 
or damage anything. Due to its 
 abilities, in future it will no longer 
be necessary for robots to change 
their gripping tools to transport 
different objects.

The smallest 
chameleon is two 

centimetres long, the 
biggest measures about 

70 centimetres.

Even if everything is lying scat-
tered, the FlexShapeGripper can 
grip objects. Untidiness does not 
pose a problem to it, unlike other 
gripping robots.

Grippers can be used in a factory 
according to the fi sh-fi n prin-
ciple or the chameleon principle, 
 depending on the task.



Warum Bionik

People can learn how to wait 
patiently by watching a cat hunt-
ing a mouse, and how to weave 
artistically from watching a 
 spider. When it comes to technical 
problems too, we can ‘consult’ 
animals, because nature has 
produced excellent solutions over 
millions of years.

Using nature as a role model, 
bionic engineers solve  technical 
problems: mammals help to 
develop new robots. Groups 
of animals show ways that 
machines can communicate. 
Bones  provide information on 
how we can build lighter appli-
ances. With less weight, machines 
consume less energy.

Discover 
something 

new

Why is bionics important?
Festo wants to improve the factories of the future



Warum Bionik

The route from nature to tech-
nology only works if people 
are prepared to learn from ani-
mals, plants or even from other 
 people. This learning process 
helps the company, Festo, to 
develop  technical solutions and 
put them into everyday practice 
in the  factory. Factories will be 
more environmentally friendly, 
more reliable and faster in future. 
 Robots will work hand in hand 
with humans.

Want to 
learn

Be curious

Every animal has 
something special. With 

experiments, ideas and hard 
work, bionic engineers can 
apply nature’s tricks in the 

fi eld of technology. 



Work out the picture puzzle. The solution word is the type of 
technology used in factories. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  Solution: _ _ _ _ _ _ _

Find six bionic animals in the letter square.

Fish-fin principle: Draw the elastic transverse connections 
on the FinGripper.

If you would like to make the FinGripper out of paper, you will 
find instructions at the back of the book.
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What is bionics? 
a ) A biological aeroplane that flaps like a bird 
b ) The transfer of properties in nature to technology 
c ) A way of copying animals 
 
How far can the giant grey kangaroo jump? 
a ) 13.5 m 
b ) 18 m 
c ) 10.5 m 
 
Why is careful gripping important in a factory?  
a ) So that the transported objects are not damaged 
b ) So that the production machines are protected 
c ) So that the gripping robots do not get confused 
 
How many bionic projects use the Fin Ray® effect? 
a ) One, the fish project 
b ) All the projects 
c ) Four projects 
 
Why can a gecko hang upside down on the ceiling? 
a )  Because it holds tight with thoroughly cleaned 

 suction cups
b ) Because it hooks into the surface with its toes
c )  Because the tiny hairs on its feet and the surface 

 attract each other

How do ants find their way?
a ) The creatures appoint guides
b ) They give their fellow ants sound signals
c )  Each ant leaves attractants behind so that the shortest  

route smells the strongest

What do mammals have that jellyfish do not? 
a ) Eyes, hands and mouth 
b ) Stomach, spleen and kidneys 
c ) Blood, heart and brain

How big was the wingspan on the extinct  
giant dragonfly? 
a ) 50 cm 
b ) 75 cm 
c ) 95 cm
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Adaptive gripping
A hand grips in an adaptive manner. It adapts to the shape of the 
object – whether it is a paper plane or a computer mouse. 
The  FinGripper grips objects in a factory in an equally adaptive 
 manner.

Bionic engineers
Bionic engineers study animals and plants. They research their 
natural properties and abilities. They then use scientific methods 
to transfer the results to technology.

Communication between machines
When machines exchange information, they communicate. 
They can coordinate their jobs in a factory building or communicate 
over large distances through the Internet.

Drive
A drive moves a machine: wind drives a mill, water a power station 
and a person a bicycle. Electrical and pneumatic drives are often 
used in a factory.

Electronics
When appliances and machines are operated with electricity, 
we talk about electronics. Electric motors turn electrical energy 
into kinetic energy.

Fin Ray® Effect 
Active fin ray effect:
The tentacles on the AquaJelly have a fish-fin structure. If they 
are lightly moved at their base, they bend against the direction 
of force. The artificial jellyfish can move itself in this way.

Passive fin ray effect:
When the FinGripper is pushed against an object like an 
orange, it automatically wraps itself around the fruit due to its 
fish-fin structure. It wraps around it carefully, but firmly and 
securely.

Human–machine interface
People will work more frequently with robots in factories. 
Their point of contact, called a human–machine interface, must 
therefore be simple, safe and harmless.

Dictionary



Lightweight construction
Using lightweight construction methods, machines can be  produced 
with a lower weight than before. This saves material and, above all, 
energy. The costs are reduced at the same time.

Pneumatics  
In the pneumatics field, machines are operated with compressed air. 
If, for example, a paper boat is propelled by the air escaping from 
a balloon, it has a pneumatic drive.

Polyamide
Polyamide is a very light and resistant plastic, which is often used 
in industry. It is also suitable as a material for the 3D printing of 
workpieces.

3D printer
A 3D printer does not print on paper but instead ‘prints out’ com-
plete workpieces. It produces the three-dimensional components 
quickly and precisely. Polyamide is a suitable plastic to use for 
this purpose.



Copy the cut-out sheet and stick it 
on to thick card. 

Cut the four parts out. 

Fold the ribs and the fin on the 
 dotted lines. 

Apply glue to areas 1, 2 and 3 of 
the fin and stick the individual ribs 
onto them. 

Apply glue to area 4 of the fin and 
stick it together as shown.
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Cut-out sheet to make a gripper finger modelled on a fish’s fin
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Solutions to puzzles

Pictures: ROONY, BIONICOPTER, GECKO; Solution word: ROBOTIC

Quiz answers

b ) The transfer of properties in nature to technology
a ) 13.5 m
a ) So that the transported objects are not damaged
c ) Four projects
c ) Because the tiny hairs on its feet and the surface attract each other
c ) Each ant leaves attractants behind so that the shortest route smells the strongest
c ) Blood, heart and brain
b ) 75 cm
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What makes jellyfi sh, dragonfl ies, kangaroos, butter-
fl ies or elephants interesting to science? What is it 
that allows animals to contribute so much to modern 
 technology? Bionics experts can develop a cooperative 
robot from an elephant’s trunk. They can use a swarm 
of jellyfi sh to show how machines can communicate 
with each other. They can use a kangaroo’s jump as 
the role model for drives on machines. The bionic 
engineers detect the special abilities of animals and 
put them into practice using technology – to create the 
advanced, energy-saving factories of the future.

EN 50064
www.festo.com/bionics
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