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Floating Crawling

S De Pedalternorotandomovens centroeulatus articulosus ontstond,(generatio spontaneal)
b uit onbevredigdheid aver het in de natuur ontbrekenvan wielvormige, levende

Jen met het vermeosen zich rallend voart te hewe gen.}{ethlerbg afecbeelde diertje,inde
volksmond genaamd wentelteefje"of rolpens” tracht dus in een diepgevoelde be:
hoefte te voorzien Biologisehe bijzonderheden zijn nog schaars :is het een
zo0gdier,een reptiel of een insekt? Het heeft een langgerekt,ult vep:
hoornde eeledingen gevormd lichaam en drie paren poten,waaryan
de uiteihden gelijkenis vertonen met de menselijke voet. I)lhzt midden

it van de d(Kke,rende kop,die yoorzien is'vaneen sterk ge
Haar. gen papagaaiensnayvel,bevinden zich de balvormige
toe een : ogen,die,op stelen ie laatst ter weersziiden van
Delrekkelik _~ - de ?{ﬂ& ver uitsteken.In gestrekte poJctt ie_kan
M Tekice bhan %{ nét diepzich,traag en bedachtzaam deor
AP0

tot zijnbesehik: middel van zijn zes Etenjwor bewesen
Few rolling creatures exist...
(Wilders, 2008)

waarvan decentrale as gevormd wordt
door de ogen-qcp-stelen.mnr zich heurte-
lings af te zetten met €en van zijn drie paren
%u en,kan het een grote snelheid bepeiken.

ok trekt het naar belt@ven tijdens het rollen(bvDij het
afdalen van een helling, of om 2in yaapt uit te loper)de po-
teninen hgaat treewhe¢lende"verder.Wanneep het ép sanleiz.
ding toe heeff

.kan het op twee wijzen weep inwandel-positie
nveri*aan: ten eerste abrugt', oorzijn lichaam plotseling te
strekken maar dan ltgtdhejf_ ap zyjn rue,met zijn poten in de Jutht en
ten tweede door zeleidelijke snelheidsvermindering (remmine met de .
poten) en lang zame achterwaartse ontrolling (n stilstaande foestand. X151

Rolling? (“Wentelteefje”, M. C. Esher)
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Floating Crawling

Passive rolling (wind)
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Floating Crawling
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Namib Wheeling Spider
(Golden Wheel Spider)

Partially active rolling (take off, hill)
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Floating Crawling

a Direction of movement b [
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._ A Mother-Of-Pearl Moth

Active rolling (take off, horizontal)
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Floating Crawling

e No backlash
e No friction

e No lubrication

Rolling anatomic elements (partial rotation)
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Floating Crawling
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Rolling anatomic elements (full rotation)
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Floating Crawling
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Jellyflsh (kwal _/

SW|mm|ng or sinking

Florida Keys National Marine Sanctuary
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Floating Crawling

Jelly (gelel), slightly
lighter than water
y (total Jellyfish slightly
" 1 heavier than water)

Jellyfish (kwal)

Swimming or sinking
5
TUDelft



Floating Crawling

Gewicht in water

Swimming or sinking
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Floating Crawling
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Dogfish (hondshaai):

avoid swimming by living on bottom sea

Swimming or sinking
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Floating Crawling

slows down

sinking speed

Swimming or sinking
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Floating

Crawling

Cornelis Drebbel, 1620: first submarine

Swimming or sinking

Wb2436-05, Paul Breedveld, Biopropulsion Marcoscale
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Floating Crawling

© Expedition Engineering Ltd

Swimming or sinking
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Floating Crawling

http://www.expedition-engineering.com/main.php

Wb2436-05, Paul Breedveld, Biopropulsion Marcoscale © Expedition Engineering Ltd TU Delft
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Floating Crawling

Gas Chamber

Jet Propulsion

“Staatkwal”
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Using gas chambers to compensate weight
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Floating Crawling

Gas chambers,
slight vacuum

Nautilus

Using gas chambers to compensate weight
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Floating Crawling

Copyright : oceanes.com

Using gas chambers to compensate weight
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Floating

Crawling

Foam: large amount of
very small air chambers

T Dlsadvantage of gas chambers:
collapse at very hlgh pressures

Sepia (zeekat)
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Using gas chambers to compensate weight

Wb2436-05, Paul Breedveld, Biopropulsion Marcoscale
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Floating Crawling

Using gas chambers to compensate weight
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Floating Crawling
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Using swimming bladder to compensate weight
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Floating Crawling

Swimming bladder is compressible:
Pre: No collapse at very high pressures
Con: Amount of gas needs to be controlled

No gas control gives unstable system
> water pressure =»bladder smaller=»fish sinks more
< water pressure =»bladder larger =»fish rises more

Using swimming bladder to compensate weight
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Crawling

Floating

Kringspier
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Removal of gas

Rete mirabile
{wondernet)

Creation of gas s
Using swimming bladder to compensate weight
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Floating Crawling

Kringspier

Ovale
\imte

Removal of gas:
e Sphincter muscle (kringspier) opens,
e Gas diffuses into blood

—
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Using swimming bladder to compensate weight
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Floating Crawling

Creation of gas:

e Gas gland (gasklier) creates gas in blood

e Gas accumulates via diffusion in Rete Mirabile
(wondernet) till pressure > water pressure

(wondernet)
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Rete Mirabile (wondernet): parallel arterial &
venal hair vessels for maximum diffusion

Using swimming bladder to compensate weight
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Floating Crawling

Using swimming bladder to compensate weight

Wb2436-05, Paul Breedveld, Biopropulsion Marcoscale TU Delft




Floating

Crawling

Submarine

Wb2436-05, Paul Breedveld, Biopropulsion Marcoscale
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Floating Crawling
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Asfute submatine - Royal US Navy

Submarine
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Floating Crawling
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Floating Crawling

Longitudinal Wave (Earthworm, body)
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Floating

Crawling

Longitudinal Wave (Snalil, body)

Wb2436-05, Paul Breedveld, Biopropulsion Marcoscale
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Floating Crawling

TN R
L IR L TITIIRLER LD, "

k . ;I;;'“# A : 2 ; " . . : ¥ i
* & - = . - e L P . ST TR e, g o

Longitudinal Wave (Milipede, legs)
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Floating Crawling
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Toyota Engineering Society (TES) Festivgtano;_{l_

Milipede Device
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Floating Crawling

Theo Jansen - www.strandbeest.com
TUDelft




Floating Crawling

© David G. Barkasy wWww.scserp.com
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A snake has 3 methods of locomotion..

Transversal Wave (Snake, body)
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Floating Crawling

TUDelft



Floating Crawling

2. Memorizing & shifting shape backward
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Floating Crawling

. Idem + lifting
parts of body

Wb2436-05, Paul Breedveld, Biopropulsion Marcoscale U Delft




Floating Crawling

Snake bottom: direction-dependent friction

overlapping, swiveling

hlgh frlctlon

sharp borderline
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Floating Crawling

Locomotion method 2 (in 2D) applied In
snake robot (Hirose, Japan)
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Floating Crawling

Wheels are passive, angles between segments
are actuated and fed back to previous segments
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Floating Crawling
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Floating Crawling
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Floating Crawling

Locomotion method 2 (in 3D) applied In
swimming snake robot (Hirose, Japan)
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Floating Crawling
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Floating Crawling

Locomotion method 3 applied In
snake robot (Hirose, Japan)
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Floating Crawling

Locomotion method 3
applied in snake robot
(Hirose, Japan)

Passive wheels
Actuated angles

T Aibot.co jp
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Floating Crawling

o The advance direction
_http://www.hibot.co.jp/ Bt ¢

Locomotion (like snake in desert)
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Floating Crawling

Strong reduction of
forces on intestinal

wall when pushing

colonoscope forward
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http://visualsunlimited.photoshelter.com/image/I0000pWOFIcXzjDA

Locomotion method 2

(in 3D) applied in Shape Memory Colonoscope
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Floating Crawling

Twin-Spine
Shape Memory System
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Floating Crawling

Two spines that can
be made rigid or
flexible

Rigid spine Is shape
memory for flexible
spine

How to make a
flexible/rigid spine?
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Floating Crawling

Water
(Pressure)

1. Inflatable cable-ring
(Arjo Loeve)
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Floating Crawling

compliant

750 x 5.5mm shaft
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Floating Crawling

rigidified
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Floating Crawling

(atmospheric)
locking
pressure

2. Deflatable particle tube
(Arjo Loeve)
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Floating Crawling

TUDelft




Floating Crawling
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Floating

Crawling

By swiming
By using gas chambers
By using a swimming bladder

Longitudinal wave

Transversal wave

Snake motion:

1. Gripping & Pulling

2. Memorizing & shifting
shape backward
(Twin Spine System)

3. ldem + lifting parts of body

Direction dependent friction






