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/ Tunable Stiffness

Tunable Stiffness \

Principle of Operation

To change stiffness, use antagonistic co-contraction

Principle of Operation

To change stiffness, use antagonistic co-contraction

EAP1 | X EAP2
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Tunable Stiffness

Tunable Stiffness

Principle of Operation

Constrain deformation to induce change in stiffness

¥
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Single EAP - 80“m
Terminal
Rigid Frame . == Rigid Frame
Electrode
Terminal
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Principle of Operation

Constrain deformation to induce change in stiffness
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Single EAP
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Terminal
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Mass (g) 1.6
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BRI E ~ BT IR
(MEBEORELEREL T, REREORBRIRELELELS)

o IELLBERNT AT NI RAZERYICRIETEELDOH ?

- EAPE#HHHZIBTHRI P LESTHLEORIL—LLETHEEKXIC
EADTIE LD

- HETFNAACEWT, BRICEHEBONEOREZEVHEZ DN

pe

A4 Mg E B9 RIICIRE ISR e 7-REET S
NEHHIEERD

P- 19/28


http://bdml.stanford.edu/Main/TunableImpedanceHome

HAEZABTICDOLIT P- /28
Step 1 HEBILEAPICE AT ERIM4 IS
<ZEREH>
- 100N EOHAICTHZS
- 10{SIEEDORIESEH
o ¥+msTHIEZEER&E
<§'¢“'§’¥EE> <ﬁi*%> 2 layer = 1cell 100N
- 1EMFRADELE Gnd
- 1EVOEE-BERE 300“”11[“37 50
- MEHLEIVRE s 3o G o0
) ] 100N

<{RFEIEE >
« EAPTFINMADRTEEBNENKEE
KRIREFTOHRENER
- HEME, gEnHitomE
o BT H S FI A (8

I

Torgue Controlled with EVI Ev| response check

Pulley @
otor q

Pulley
Motow
Feedbacf EAP Load Cell EA
Load C@% 7777777777/ 77777777
7




Step 1 ICHBIIBDESRBEEHFRE p- 21/28

- 1EIOEERTIRER
« 1ENTOHERADOM E(EAPLIY—#1. EAPHZIK)

2 EAP layer = 1cell i FU4E(3cell)
BEBHED. 7L—LHEATES, HZE ZL—LFRME

30mm
50
cell
Charge

100N |

100N

72L—LREBBILL TESICRREMTIYVIO—T179 5
EAEIBER. BEERCZ7L—LTITY I HDEAPZEITLLY
CNETHERDEH

BUEAFIDESEZFRALT, BRO7I1T17%
| BOANTRIELFEM IR EICE>TRBLVGEEZRATS

3cm x 3cm




Step 1 ICHBIIBDESRBEEHFRE P- 22/28
. "ﬂlﬁﬂ']t’)lai%ﬂi

_________________________________________________
- ~

’
/

SEXMEBERDER

! - SMEIC12BFREL E Rig—BiE: k) e h—F

i 2RIPTL—LOER IL—-LBIcERE : TYYa—-F1 5

! TRELY, AT -,

i s, 1B, EAMTRE

| 0% FosER

:‘ ) :_‘ ﬁ ll'i o) ‘1‘5 jé é g (' \ Stretch Edge Treatment Eloctrode Frame Attachment

----------—’

100*&’&&37{.6%1?’67557.‘.&%1'(0\675‘ BLAMELERETITE




e

P- /28
Step 1 Research Subject Step 2 Research Subject
BE(LEAPICE B TR i iE 5 72 2.1 ?=Eal—2BAAFR VM ERE7 VF1I—%
. 1EAHFBAORLE & - g1
C MEAOHE BEER gy

: * ATIV—TIRIRATLORR
« DEOLEVRE .« fHRICEO<RIEEEOREIR
© RMUTIF1I-2EDGRA

22 ba—v/AKEBHNTIF1I-% g‘- !'g‘.

s 200NMFA—=5—DAMIZHR
- M- -BERERENERICLIEREIL
- BRIRBELEWVWRATA

Torgue Controlled with EVI EVI response check 1OON <Linear> <Rotational>
O o g
Moto

2 layer = 1 cell 100N
Gnd
200

|
o I
o) | —

3cm x 3cm ©Nd 8KV cel|

»

<«

A —— T,
3 Vo i
T‘Feedbacl EAP Load Ce EA !::; t=l.| E
hundreds 'C' — 1
Load CH‘% T of cell =
<BELRIEAE> <BELRIAE>
e LS ROEOREE . RREAPF /A RE RV LEIERORA
. HEME. GRS =>##. TOMEEOHE

o HEEIR 1% 00 B 4H 64 F) B (i « EAPTFNIANBE. EENSEDREL

- REHUICEHTIEE(BE)REDOTIZE
| - 7AbRMTTHAL D% 8 R



Step 2 D KetE K P- 24/28

Linear

Circle frame type
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Assumed Problem which should be solved

Estimated Assumed Executing
difficulty methods Phase
. . Utilizing

m Linear Move = Rotational Move Easy Well-known 1st Collabo

way

m Viscoelastisity increase within 4Hz Solved gre‘.high Done

trained
) Quite new

B Multi-Layer EAP more than 10 Nm order Difficult 1 structured 1st Collabo
Challenge a lot

m  Usability of Mechanical Impedance Easy Appropriate Each Collabo
Environments

®m Device Volume (including Charge System) Medium Using a 15t Collabo

T ' capacnor
within Robot Arm capacity
. . Normal §
m Co-actuated with Electro Magnetic Actuator Easy isolation 2" Collabo
( Uniformed design )

m Electrical Safety Medium EMCO with t
capacitor and 1st Collabo
non-grounded

m Ultra Multi-Layer EAP more than 100Nm order . Material

Difficult change ond Collabo
and bland

new design
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Estimated Assumed Executing
difficulty methods Phase
c . Utilizing
m Linear Move = Rotational Move Easy Well-known 1st Collabo
way
m Viscoelastisity increase within 4Hz Solved ere-moh Done
rained
) Quite new
® Multi-Layer EAP more than 10 Nm order Difficult 1 structured Pre Collabo
Challenge a lot
m  Usability of Mechanical Impedance Easy Appropriate All Collabo
Environments
®m Device Volume (including Charge System) Medium Using a 15t Collabo
within Robot Arm capacity SR
®m Co-actuated with Electro Magnetic Actuator Easy Zﬁ{;’t‘;‘n 1%t Collabo

( Uniformed design )

Ultra Multi-Layer EAP more than 100Nm order
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Specific Ekistc Relativ
) . elative
Actuator Type S\ tll“ P Siax: Elastic Energy Max. ' Speed
i 6 Strain ressure  Fpergy Densitv Efficiency (full
specilic example 0 Density ¥ %
(%) (MPa) ( Jig). (Jiem ) (%) cvele)
Dielectric elastomer *
Acrylic 380 8.2 34 34 60-80  Medium |
5 Silicone 63 30 0.75 0.75 90 Fast
E Electrostrictive Polymer
é (P(VDE-TIFE-CFE)* 45 45 =0.6 1.0 - Fast
-4
W Graft Elastomer” + 24 0.26 0.48 - Fast
5 Electrochemo-mechanical
':‘ Conducting Polymer
(=) (Polyaniline) * 10 450 23 23 =1% Slow
E\ Mechano-chemical
S | Polymer/Gels
= (Polyelectrolyte)’ =40 03 0.06 0.06 30 Slow
Piezoelectric Polymer
(PVDF)® 0.1 48 0.0013 0.0024 n'a Fast

A, 3M VHB4910A LM ICIFEHARVVOT, MIAROLRERAZNTILS,
MHERDOARELE. SiliconeR—AH L0,

RHIFVHBZAWTHEEMREREL T, flifE2mdIElcdd
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Adaptive absorber based on dielectric elastomer stack actuat
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A . ps ek AEVF I AEBIELLTHE
EMPA ETH silicone &Y  gpxys 20055 BIUKSL 7/ AAEMELTHE
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153875 : WW-EAP Newsletter editor Yoseph Bar-Cohen(JPL, NASA)

EAPAD2013 Keynote Compliant Mechanism Larry Howell ( Brigham Young Univers
EAPAD2012 Keynote Actuation of toys Jeff Corsiglia ( Vice President of Spin Maste

Keynote stretchable electronics through soft lithography
John Rogers ( University of lllinois)

Advances in EAP(2012)

MRAE et Ehflm] sETE
: : . __Modeling DEA Multi Layer X
Aerospace Engineering-Propulsion Compressor for With 1/50 s A OT S
Gas Turbine Engines by ANSYS For 1 action HbOHSEH=8
Artificial Muscles, Inc( Bayer ViviTouch Product Level
’ (Bayer) for headphone Device O
. ) ighly active flexible piezoelectric ) i
Meggitt Sensing Systems, Denmar‘aateria, Piezo Paint A
with Material HERHICERSY
ultra-low acoustic impedance (Patented) EHNFr— 5
Fraunhofer Institute, Germany Artificial muscles Multi Layer A
As shock absorbers (44/20mm)

ZhIF20126 ISR StanfordDFIBL Single  Stiff FEANEL

BELEE/HHD
Semmelweis University, Hungary Novelelectroactive polymer Rotational ﬁgﬁ:AP
. . Composites performing rotation Actuator =
collaborated with Tohoku.Univ o 2 N

In_uniform DC electric field (micro actuator) X
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Advances in EAP(2011-2012)

MREAE T EhRAPT RE M
) ) i ) Polymer actuators set to T —Sal
UnlverS|ty of Wlllongong, Australia Improve quality of life for ¥ FHOALOT X
Breast cancer survivors RIRFERICHFHFELL ?
: : : e muscle and several
Technical University of Cartagene, Spaffi® Muscle and several " ;ﬁm 5
Device — theoretical description™
Universidad Politecnica de Madrid, Spaigural network approach
To modeling the behavior  gEE7oF1T—% X
Of ionic polymer-metal MLEHEOH
Composites in dry env
Auckland Bioengineering Institute, a) Cyber- Only proposing
proprioception and T
New Zealand cybber pain p%s?l[t;lEllty X
b) A hand-held
. ki i Di-electric EAP
Compliant Transducer Systems(EMPA-ESHBIFEBIRsRTomer e g O
of EH) FIAAET
. : . , VHB4910%#1%
JKU Linz and Harvard University Harnessing snap-through 160004 fizL 2
Instability in soft dielectriccs (RE#HOFEEM”UP) X
To achive giant voltage-triggered deformation
North Carolina State University Enhanced IPMC with R
Nanostructured Block PHOF1T—4 X
lonomers
Penn State University under NIH grantcompact core-free tubular 1 UP€ actuator
Actuators based on PvDF ~ Dis Imm-1N X
. . . Bioinspired tunable lens . .
University of Pisa, Italy made of DEA g;lilectnc
Ezgtoilcrsehabllltatlon app 07 TER O
E3<XElE

Braille displav
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Manufacturing Process P- 49/28
Electroactive Polymers Electroactive Polymers
Edge Treatment Edge Treatment
Mechanical film strese Empirical failurs locations Eleciode

Fri{lli
Déslactric
E‘hﬁ? Ih - |
o Crozs-gsction of EAP actuator
.

Eventual Maechanical Failurs
TR0

b Hard
Soft  Fonmed view of adge
y u e stisll 10pm burr " VEsW
T e U 20% higher slsctric fiald| Soft ‘
n - - .

zl

Electroactive Polymers

Conventional Manufacturing

Electroactive Polymers

Alignment during Manufacturing
Hand alignment
12+ hours of manutacturing time
+ Dwen q
Fabrication of masks, fames - ¥
Masking, spraying, gluing, curing, assembly
Each step introduces variations and errors

Inconsistent pecformance

\
Low manufacturing yield

\
Eary failure (moachanical and electrical)

24
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Manufacturing Process o)
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Electroactive Polymers Electroactive Polymers
Manufacturing Process Manufacturing Process

Strotch Edge Treatment Eloctrode Frame Attachment Stretch Edge Treatment Eloctrode Frame Attachment
27 -}

Electroactive Polymers Electroactive Polymers

Manufacturing Process Manufacturing Process

Disl - Dislectric
63um
Strotch Edge Treatment Eloctrode Frarne Atachmant Stretch Edge Treatment Eloctrode Frame Attachment
20 30

Slide by Sanjay Dastoor(stanford)



Manufacturing Process P- 51/28

Electroactive Polymers Electroactive Polymers

Manufacturing Process Manufacturing Process

™

Elsctrods

1

L —

Stretch Edge Treatment Electrode Frame Aftachment Stretch Edge Treatment Eloctrode Frame Attachmant
3 2
Electroactive Polymers Electroactive Polymers
Manufacturing Process Manufacturing Process

Elsctrods
Dislactric

- \ -
—\ Edgs coating /-

Elsctrods
Dislactric

- \ G
) —a

Stretch Edge Treatment Electrode Frarme Attachment Stretch Edge Treatment Electrode Frarme Attachment

Slide by Sanjay Dastoor(stanford)



Manufacturing Process P- 52/28

Electroactive Polymers Electroactive Polymers
Manufacturing Process Manufacturing Process

Frame

=
-\Edgmm/-

Stretch Edge Treatment Eloctrode Frame Attachment Streich Edge Treatment Eloctrode Frame Attachment

Electroactive Polymers
Manufacturing Process

1 hour build time
100% yield
Reliable (10,000+ cyclse)
Conzistent across batch

Stretch Edge Treatment Eloctrode Frame Attachment

a7

Slide by Sanjay Dastoor(stanford)




Tunable Stiffness

Physical Module

I
27
Prestrained VHB
Acrylic Dielectric

Fiberglass Frame

Compliant Electrode

Anti-tear Coating

: ' Inner Diameter Outer Diameter Displacement
Mass (g) Dimensions (mm) (mm) (mm) Range (mm)
16 38x38x0.7 55 25 7
51

P- 53/28
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Tunable Stiffness

Response Time
Apply Measure/Analyze

Displacem ent‘ —  Force

EIMLHHEO DI
%

0.03F

0.023- it L ST L o R
o.0a} /\ 2 mm AN Y

LELig ]

Displacamant §mim)

inig] " /\ 1 mm L ﬂ-ﬂﬁ-ﬁ' |r E
ﬂ‘ﬂd--r- o ...........
0

I 1 1 1 1 1 L L 1 1 1 1 1 1 1 1 1
=3 1} 5 10 13 20 23 30 1] 2 4 B a 10 12 14 16 13
Time [ms} Time {mE)

6l
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Tunable Stiffness

P- 56/28

Response Time

0.5W Power Supply
, Input: 5VDC @ 250mA
Output: 6kV @ 50pA

HV Relay

HV Supply

1

O

Buffer
Capacitor

BRNETTHEDII
R

EAFP

—

Power Supply Cont. Current {imA) Peak Current (mA)
Trek 6108 2 2
Emco G101 0.05 0.05
Buffersd Q101 0.05 2000
62
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Rotational joint subject  Confidential p. /28

Needed to have
Variable Stiffness and Variable Damping property

Maximum Len of VPD

Maximum DIm of VPD

Maximum MaxL load torque

Encoder  Motor  Reduction gap device with spring ratio  and damping ratio

Gear
Type E 200 - - 50 60 10 1.0
1200
Type SL 1500- - 100 60 20 16

3000



Collision Settings Confidential p. 59/28

Supposition of end effector collision Basic assumption of collision ——

A certain velocity

7 '° Arm and leg mass
/// \| Is aligned at end effector §
4
‘ This is about 5 % of
) ’C“s/ Total mass(suppose 30kg).

o~

About stiffness in collision
Arm mass resonance frequency is

Sqgrt(Kedge spring/m*0.15)/2/3.14 Hz

Suppose that active control is effective less than 15 Hz
SO

Kedge spring <= 4*3.14*3.14*15%15%0.05*30 Feasible

Elbow link length
Kjoint_spring <= 4*3.14*3.14*15*15*0.05*30.23 = 704 Nm/rad




Collision Settings Confidential p- 60/28

Basic assumption of collision —

A certain velocity

‘ Vo
)
7 [‘E \7“ Arm and leg mass l
lff' =" oY Is aligned at end effector §
e\ —

Supposition of end effector collision

= This is about 5 % of

) 0,14 Total mass(suppose 30kg).

About spring deflection in collision

Absorb energy %2 0.05*30*2.7*2.7=5.46 J

It should be equivalent to Spring Energy Y2 kedge_spring*edge_deflection”2

So, if we choose 700 Nm/rad for joint spring = ib|
Deflection is easipie

sqrt(5.46*2/13310.46)/0.23*180/3.14 = 7.13 deg <« This is maximum deflection
More than 4 deg is reasonable when elbow absorbs all energy




Other Variable Stiffness Devices Confidential p_

In 15t Collaboration ( for elbow joint )

Range of Motion

Range of angular
Deflection

Range of
Stiffness [Nm/rad]

Time of changing
stiffness

Maximum Energy

Peak Output
Torque

Overall Weight

-150~150 deg

17 deg

Zero to Rigid

0.8 s

58J
80 Nm

1.1 kg

| Quite Competitive

-180~180 deg -10~170 deg
3 - 15 deg 4 deg
52.4 to 826 200 to 800
0.33 s within10 ms
5.3 J around 2
67 Nm 50 Nm
1.41 kg Under 400 ¢
P
Motor 238 9| Ev/| device weight
Gear 459| |s |ower than 100g

/28

Low to High stiff
=very quick



Current Electro Variable Impedance P- 62/28

TABLE I: Test diaphragm properties

Mass (g) L6
Dimensions (mm}) 3 x x0T
Inner diameter (mm) 5.5
Outer diameter (mm) 25
Displacement range (mm) 8
Stiffness range over 1 mm (N/m) 15 -102
Stiftness range over ¥ mm (N/m) 3211

<brief structure>
Tl \ Maximum deflection in high stiffness is

| —— ] { 100um 1/117 = 0.0085 m

About 3cmx3cm

\ 4

pd
~

Maximum storing energy is
Y 117 (0.0085)*2 = 0.004 J

Volume Energy
Current 0.09 cm3 0.004 J

This is much lower than

Estimated| 113.04 cm3 5.02 J fundamental calculation.
Joint (226.04 cm3) | (10.04J)



http://bdml.stanford.edu/Main/TunableImpedanceHome

Possible Demonstration in 1st Collaboration P- 63/28

Linear Rotational

Circle frame type Ellipsoid frame type ( large force / cell)

2 layer = 1 cell
Gnd

| — | —r

. 3cm x 3cm Gnd - OKV ) 10em x 3cm Gnd 6KV

«

2 layer = 1cell
Gnd

hundreds

1
1
1
of cell W<

Linear type is easier than Rotational type, however

| Rotational type is also feasible.
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Choice for collaboration P- 65/28

il =550

PosDoc or PhD student cost
About $125K

Material, EQuipment cost

About $10 K

Minimum  $135K
Additionally visiting researcher cost

About $85K

Other collaboration
Panasonic

DARPA( year by year )
JPL

SRI

Robotic Drilling systems
Draper Lab(MIT)

KAUST (under water robot)
NIH
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EAPICEE9 2 DA R T M) FFE P- 67/28

f§3R7T: 2011,2012WW-EAP Newsletter editor Yoseph Bar-Cohen(JPL, NASA)
SPIEOBEFEDNH 77 ADHERERRLTHAICHTZN =60

North Carolina 8 r HivELS it

h‘i-/ Y é\ ate'O |verS|ty
Compliant Tranducer Sy ‘

' fEMPA-ETH) ' oz

JKU L hd Marvard University
Aerospace g Propulsoin

¥

A -3
SR
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EAPERZEDNET

Electroactive Polymers ey
+ Principle of Operation ' o hﬁl

+ Pelrine and Kornbluh (2000) [SRI] 1
. ‘ g

* Geometry and Design

» Choi (2003) —
. Rosenthal (2000) [SRI b
* Modeling .,_}.,;:;;-_h :::I'mmm
. Wissler (2005) EMPAETH]  eosee
+ Scalable Manufacturing u..ms.;.wﬁ
» Carpi (2007), Kovacs (2007) [Uni.Pisa] "““““"“.“'_'I = S—
* Tunable Suspensions ; ’mm&l -y (’,;53&‘?} @ 9
+ Pelrine (2008) [SRI] e o fw._,'."’":* "

| E&FI EAPE —

e e — RIOHETREBEN TV BBEPLEREOLSS

20005F UM SEAPHIE A HEY N ETHIERIE~(ERTTEET

IBIL<HARENTELED, AIESE-F A L2008 LIETH S
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FEBMRFEICOLT P- 69/28

/AMI T EERTFEHBLARIE, liEA \
(Bayer) ABEOBVNRRR AMIBHOREOHEATIZDASHL,
LEIctSEVWEX(5mm) | Bayerld. EUQEAPAS2=F#§T
T = HRIUTORMERE | FUILEL, SUIROEHERNT
A\ NWVT, Ko7, (BROBEDT T)r—
2avNHDOMFREREL TLBERN
V|V|touch ShTL: ﬁEfF
NT T2V ARm TR T BEEAPDRT vV E L AMmaSRﬁ{ﬂ;g;i%btﬁgffﬁgQ
AMI-BayerldfiRIcEZ 2B VTL ALY SEN8O%<DHE 55H3, /
@unhofer LBF - \
T
ISR —DEE) ZFEAR I TIES
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i —— WORBRTAS 74— KDERFEEL
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ﬂniversity of Pisa( Federico Carpi)

Bioengineering and Robotics Research Center
Artificial Muscles & Smart Materials

o7k SXNO) D % %
Silicone/Poly(hexyl-thiophene)

Silicone/PMN-PT composites

Silicone/TiO2 composites
HEETEEOSIicondl) —| == R
WEHEILILOEHD i’ N5,

SEBE  A—TA—HAGE

i I

am

CNETOmX L. 2003 FESSVHSIERICSLY,
RSB, HE L) REXEICERLT
ALFRERRINT 7F1I -2 RERKE
BREBEDTAT17. 77 Vr—oavORELE
2008FE<SSVETRAMICHRL TELA, EEF
PRI RO TE,

77u'r—~>ayc:|;ataﬁ§w§a#m°/

@PA( ETH Zurich)
400stack

H#i731100N

@ . i m—- 2 M |
- a8
—#50um 33% I hadd
Topdlse 5 .m;‘f,!

(A
DE-EAPOFERITHN SR 21D, TOERHS
—pe5|EMIELTRBEZ50umIcLTHEL
PIF1rI—2%MRLE, COTVF1I—21333%
IETET,. 100NSSWVHEZHENE TR R
B ThIIEERSEL,

FOMBIL T, VAL FZOMEIERLVEY,
F=T—LLA) S GRIT T LEDT ) ir—ay
MeeXRELTLD, BiEEALL.

POFa1I—2EIT7IVTTE—E

1002 B ABIEETAKEZLHZ2HES
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MREPDOEESD P- /28
{EFR## ZHE FIMRF TV —ay E3Z/Pat
3M NTTFT19 PatB
Bayer(AMI,SRI) VHB L $AVIT T ) —IN— (SRI=AMI)
29(?;@";&35 (SRI 20074E) 20008~
i avy
Fraunhofer LBF \:/%IIEIAB A0tissue 77 )—I\— St
(StanfordM#ELY)

- - Siliconeeehir| EHOEERE . o
University ELTEMYE | BBHEMPARE g aeadde S
of Pisa B SELLVSTLVEL NTT199 20055 ~

200tissueld kD AOEE BYSH
EMPA ETH silicone ERHVUEREI 20054~
EBULHAAIBHTIS LRy (H5Er21%)

o REICEAKHEDHTETVBHUIIFEAEIM-VHBEZERALIESENDTHINDT, RELFEMELRD

* EAPRROKALHAZRRTIEDEMELTEICTIF1I—-2ELTHRENTET,
RELTARELNZHEZLDEMRFIELTHEEL TS
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FEEERA%ZEAISESOBE (LR P- /28

Capacity for Variable Stiffness/Damping Device

Maximum Len of VPD

Maximum DIm of VPD

Maximum MaxL load torque

Encoder  Motor Reguction EAP device with spring ratio ~ and damping ratio
ear

Type E 200 - 800 0- 50 60 10 40

| variable



Thinking maximum capability of EAP P- 73/28

Suppose that
Energy density : about 100 W/ kg

Material density : about 1g/cm3
Type E’'s ( SL’s ) device volume is
3.14 x 6cmx 6cm x 1(2) = 113.04 cm3 ( 226.08 cm3)

Device weightis
113.04 g ( 226.08g)

Maximum Energy is
100 W/kg x 113.04/1000 = 11.3W (226 W)

EAP can handle this energy in quite short time.( within 50 ms )

According to
1J=1Wx1S

| | think that EAP’s potential is fundamentally very high
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BREEBRESYRITERBTRALEIBS L. V=77 /F1I—-2ELTRAL THERER
EMIBBBICOVTIREIL

Start from this

Linear @

= Rotational ]
A40Nm/ 0.030 m / 1N/cell = 1333 cells

1333 cells x 100pm = 0.133 m ( < 0.38m outer)

Still Linear
with crank 40Nm / 0.060 m =666 N
666 N / 1N/cell = 666 cells
hundreds 666 cells x 100um = 0.066 m

‘ WB217 DFHREL BV ZERDH>7H, MEEVSHADE
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To realize final target P- 75/28

Shoulder,Knee Joint
The main topic to realize it is

Optimizing Elastomer for EAP performance <- chemical engineering
And it is

 Energy Density but also functional geometry

e Strength in high stress

* Uniform sheet

Re-Selection or utilizing chemical modification of Elastomer such as
European Research ( University of Pisa, University at Denmark )

or
Sub-collaboration with chemical engineering




To realize final target P- 76/28

NEE

Shoulder,Knee Joint

Another topic is

N

Gear deV|Ce

Series Elastic System

< >

Small Volume for EVI device

So to get bigger volume for EVI device

Integrated Design of Electro-Magnetic And ElectroActivePolymer




To realize final target P- 77/28

Shoulder,Knee Joint

Main research topics which we can do are

— To get lager volume for EAP, and totally compact design
Integrated Design of Electro-Magnetic And ElectroActivePolymer

To get higher Strength and Uniformity
— Re-Selection or utilizing chemical modification of Elastomer such as
European Research ( University of Pisa, University at Denmark )
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FAETRITESER] | BEEE | RANSRE(L ?ﬂ'&" FIN(AEE
(200 -800 Nm/rad)' (50msBAF) | (7 deg) + BI& 3 ST HI (2#500g17F)
TEBERL)
BRIBNRIRGE
(T‘_a)lﬁii)
3 _ Lok f&:l/
el ] @ BNS (BlERERE) x

EEM L A &
(MRE) -I¥7cf3"= 975-

) A
1949N/m %S 1m%mm (AERT) O.x
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