Bio-Inspired Design
Wb2436-05

“Moving without Bones”
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Overview

Biological Resulting
Mechanism Technology
Tendon L Rolling D_onut
Sheath Mechanism
Hydrostatic
Skeleton System
Hydrostatic L Cable-Ring
Muscular System Mechanism
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Tendon Sheath Hydro Skeleton Hydro Muscular

Vagina tendinum musculorum
extensorum carpi radialium J Vagina tendinis musculi
—= / extensoris pollicis longi

|
|
4 i{

_- Vagina tendinis musculorum extensoris
-~ digitorum et extensoris indicis

Retinaculum extensorum

exle

Vagina tendinum musculorum | T~
abductoris longi et extensoris
brevis pollicis

Tendon Sheath =
Low friction bearing
between tendon & tissue

——— Connexus
intertendinei

M. interosseus
dorsalis |

Human Hand

! M., extensor digitorum, Tendines
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Tendon Sheath Hydro Skeleton Hydro Muscular

Stratum A
[ fibrosum
f’ /Stratum
| synoviale }Q/agc;_na
| / Pars Vadiha endinis
g // parietalis syr?ovialis
Jars téndinis
tendinea )

(Cavitas synovialis)

Mesotendineum

Tendon Sheath =
“Bag” filled with fluid

Tendo
\

Epitendineum

\ 4
Y

Human Finger

< — Phalanx media
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Tendon Sheath

Hydro Skeleton

Hydro Muscular
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Tendon Sheath

Hydro Skeleton

Hydro Muscular

Rolling Donut

Pain!

Stick

Pain!

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

Colonoscopy

Pushing from behind
causes buckling

& pain
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Tendon Sheath

Hydro Skeleton

Hydro Muscular

Rolling Donut

Pull

P

O )Push |

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

Solution

ulling from the front
eliminates buckling
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Tendon Sheath

Hydro Skeleton

Hydro Muscular

Rolling Donut
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Tendon Sheath Hydro Skeleton Hydro Muscular

Rolling Donut
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Tendon Sheath

Hydro Skeleton

Hydro Muscular

Rolling Donut

Mesh gives
high Friction
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Rolling Donut
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Tendon Sheath Hydro Skeleton Hydro Muscular

{\\\| Hydrostatic Skeleton System =
Skeleton consisting of
segments filled with fluid &

surrounded by muscles

“How to Push when you can only Pull?”

fuDelft



Tendon Sheath

Hydro Skeleton

Hydro Muscular

Longitudinal Muscles
(shorter & thicker)

Circular Muscles
(longer & thinner)

Fluid
(V=constant)

Helical Muscles
(axial rotation)
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Tendon Sheath Hydro Skeleton Hydro Muscular

Antagonists:
Control of
bending stiffness &
longitudinal stiffness

/A
Increasing stiffness
leads to higher —@
hydrostatic pressure
N\

Antagonists:
Control of torsion stifness

=
S
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Tendon Sheath

Hydro Skeleton

Hydro Muscular

Asymmetric contraction
—> Bending motion
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Tendon Sheath Hydro Skeleton

Hydro Muscular

Earthworm
A B ¢
re(((((emen((((((nmes

Ml

Al

Asymmetric contraction
—> Peristaltic motion
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Tendon Sheath

Hydro Skeleton

Hydro Muscular
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Earthworm:

No helical muscles

Anemone:

Lot of connective tissue
Not stretchable
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Tendon Sheath Hydro Skeleton Hydro Muscular
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Hydrostatic Muscular System =
Skeleton consisting of
Interacting muscles
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Tendon Sheath

Hydro Skeleton

Hydro Muscular

Transverse Muscles
(longer & thinner)

Longitudinal
Muscle Bundles
(shorter & thicker)
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Tendon Sheath

Hydro Skeleton

Hydro Muscular

Based on Kier, 1982

Squid Tentacle

BN 7 Morphol. 172, 179192
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Sea Slug
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Tendon Sheath Hydro Skeleton Hydro Muscular

M. longitudinalis superior
N

Aponeurosis lingualis o __— M. transversus linguae

- Septum linguale

Tunica mucosa linguae — — 7

 Foramen caecum linguae

Labium
inferius "\

Complex Structure
Complex Motion

_- Radix linguae
—

Vestibulum oris —

i Cartilago epiglottica

Mandibula —

_ Aditus laryngis
~

__— Ventriculus laryngis

M. genioglossus 7

/
M. geniohyoideus /

M. mylohyoideus -

/ A\

Os hyoideum / \ Cartilago thyroidea
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Tendon Sheath

Hydro Skeleton

Hydro Muscular

Increasing stiffness
leads to higher
nydrostatic pressure

Wb2436-05, Paul Breedveld, Hydrostatic Stiffness & Motion

“How do

elephants

keep their
nose open?”
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Tendon Sheath Hydro Skeleton Hydro Muscular

Muscular spine: gl
Flexible link ==\ Vi

around which \ // =
trunc can bend N /\\ =
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Tendon Sheath Hydro Skeleton Hydro Muscular

Cable Ring
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Tendon Sheath

Hydro Skeleton

Hydro Muscular

Rigid Endoscope
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Cable Ring
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Tendon Sheath Hydro Skeleton Hydro Muscular

Cable Ring

Steerable Endoscope

Improved depth perception!
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Tendon Sheath

Hydro Skeleton

Hydro Muscular

Cable Ring

Gastroscopes & Colonoscopes
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Tendon Sheath Hydro Skeleton Hydro Muscular

Cable Ring

Steerable Laparoscoplc Instruments
TUDeIft



Tendon Sheath Hydro Skeleton Hydro Muscular

Cable Ring

Coll Ring
Spring Spring
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Tendon Sheath Hydro Skeleton Hydro Muscular

Cable Ring

Spring
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Tendon Sheath Hydro Skeleton Hydro Muscular

Cable Ring

Cable Ring
Mechanism
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Cable Ring
Mechanism
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Tendon Sheath Hydro Skeleton Hydro Muscular

Cable Ring
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Tendon Sheath Hydro Skeleton Hydro Muscular

Cable Ring

e New steerable mechanism
with great possibilities

e \Very simple, very cheap
e Extreme miniaturisation possible

e World-wide patent application
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Tendon Sheath

Hydro Skeleton

Hydro Muscular
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Cable Ring
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Still a wealth of
unused ideas..
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