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Learning from the nature
Bionics & Lightweight design!
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f\ Bioexoskeleton ! \
Co-working . :
1a. A passive prosthesis
Development made at the Northern
General Hospital, Sheffield.
|
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Social impact
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1c. A
myoelectric
. prosthesis

1b. A body- _
powered
prosthesis
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Disease ... the extreme paradigm...!!! @
e - Paralysis of Duchenne (DMD)
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Duchenne’'s Muscular Dystrophy

e X chromosome
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recessive manner

Source: www.lgmpharma.com
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Source: abw and Rick Hansen ) eformation of Hip shut 1) deformation of the lower leg
BIONICS Figare 16, Sress ephogaam

Source: Zhao Yanjun, et al., 2013, Finite Element Simulation of Soldier Lower
Extremity Exoskeleton, doi:10.4304/jmm.8.6.705-712
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 Bioskeleton Coconuts
shell

* Bionics lightweight structure
* |nnovation on biocomposite
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Backpack

Hip Spring or
i ; Hip Actuator

Knee Damper [ Thigh Cuff

Adduction
+—  Spring

Source: able end RICKHansen

BIONICS

14 05 06 07 08 09 10
ive energy dissipation

Source: Emilio Nelli, et al., 2008, Modeling Bamboo
Splder web as a Functionally Graded Material
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MSCRETIEEATION

Bamboo
A simplified view of the IDEALIZATION
physical simulation process
Physical
sy5be m _
A

Mathe matical
model

SOLUTION @

FEM

-

REALIZATION &
IDENTIFICATION

A

Miscrete o Discrete
miardel solution

CONTINUIFICATION

Discretization + solution error

T Solution Error

Modeling + discretization + salution error

Anisotrop, axial load

u® = {uf uf}j =u,(x)+eu, (x.y)

Displacement

u, =z (x.y)e(u,(x)) and O,u,(x.y)=0,7(x.»)0, (uy(v))

Displacement inside the unit cell

equations

ﬁl [(1+0,7(x.)):E(x.):0,0u, (x.y) fY =0, ¥ou, e, (r.R') unit-cell (microscopic)

E? =p17—|3[[(1+6yz(x,y)):E(x,y):([+6yz(x,y))]d]’,

Source: Emilio Nelli, et al., 2008, Modeling Bamboo
as a Functionally Graded Material
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Specimen (macroscopic)
equations



FEM of the Bamboo: o 7
Functionally Graded el %
Material (FGM) —F

A simplified view of the FEM typical beam clement
simulation t\pual spnng clement

Source: Tankut et al., 2014, Finite Element
Analysis of Wood Materials,
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Geometry of mechanical Z % B “""i
test specimens Source: Zhao Yanjun, et al., 2013, F|n|te Element Simulation of Soldier Lower

. . Extremity Exoskeleton, doi:10.4304/jmm.8.6.705-712
Source: http://dx.doi.org/10.1098/rsif.2014.0321
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Bamboo Properties

Comparisons of Moso bamboo and North American wood properties

axial compressive modulus of
material density (kg m‘3} strength (MPa) Young's modulus (GPa) rupture (MPa)
Moso bamboo 630 69.1 10.56 1300
eastern white pine 350 131 &.50 590
Douglas fir, coast 430 49.9 13.40 85.0
white spruce 360 35.7 9.60 85.0
northern red oak 630 46.6 12.50 990
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Bioexoskeleton Q

Benchmarking

Exoskeleton Exoskeleton Weight
Manufacturer model Materials Cost [$] [ke]
Cyberdyne Inc. HAL-5 Ni, Moand =) 500.-19.000  65-80
duralumin

ReWalk Robotics ReWaIIk6P(<)arsona Duraluminium 70.000 ~ 80
_ Bioexoskeleton  Biomaterials & Al expected: 8.000 40

Source: Jorge Alvarez

08/12/2016 MNME - CS1 - Jorge Alvarez - Bionics vO1 8



do you want to know more or co-work with me?
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