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#1 Angela Merkel #2 Janet Yellen #3 Melinda Gates #4 Dilma Rousseff #5 Christine Lagarde

#6 Hillary Clinton #7 Mary Barra #8 Michelle Obama #9 Sheryl Sandberg #10 Virginia Rometty
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(http://onlinelibrary.wiley.com/doi/10.1002/adfm.201100982/abstract)
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Intelligent bio-mimeticisystems

‘Desert beetle:
self-cleaning
water collection

Compound eyes:
self-cleaning
water detection

Butterfly’s wing:
self-cleaning
structural color

Gecko foot:
self-cleaning
dry adhesion
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(http://pubs.rsc.org/en/content/articlehtml|/2012/lc/c21c90033e)
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Wearable Dev

Nanohairs

Pressure

NEWS & COMMENT W2y eseran

Electronic sensor rivals sensitivity
of human skin

ices inspired by beetle wings could give

ed sense of touch,

(http://www.nature.com/news/electronic-sensor-rivals-sensitivity-of-human-skin-1.11081)
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HRL l Hitachi Research Laboratory © Hitachi, Ltd. 2014. All rights reserved.



Characteristicsiand tasks of resin- HITACHI
molded'structures; &

Resin materials are light in weight
and have high mechanical strength.

Insulated cable
(Resin and metal)

Vacuum vessel
(Resin and ceramics)

Insulated rod
(Resin and metal)

correspondence)

H R I_ | Hitachi Research Laboratory © Hitachi, Ltd. 2014. All rights reserved.
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removing ~ -Secondary hardeningl30°c
70°C-5min -24h

HRL l Hitachi Research Laboratory © Hitachi, Ltd. 2014. All rights reserved.



Stress fleld‘o?“raﬁnamo]ded © HITACHI
structure

Concentration of stress

Large
thermal
expansion

Small
thermal
expansion

= Ceramics

Cracks and debonding
of the edge of interface

HRL l Hitachi Research Laboratory © Hitachi, Ltd. 2014. All rights reserved.



Debondmg"t@s{;ﬁ‘ftesin molded o
structure

HRL | Hitachi Research Laboratory © Hitachi, Ltd. 2014. All rights reserved.
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Selection offinterface processing agent

T—

SiIanecoupljn@gents (SCA) SCA comprising

Glaze(SiO 2
reactant-different
withresin functional groups in

-10% Al203) \ /
one molecule

Y]

Y /4 LN Chemical bonding

Interface B

Interfacial structure  Chemical formula of SCA

HRL | Hitachi Research Laboratory © Hitachi, Ltd. 2014. All rights reserved.
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Selection of‘interface processing agent

Chemical properties Epoxy group

<\

HRI_ | Hitachi Research Laborator © Hitachi, Ltd. 2014. All rights reserved.



Adhesion stréngthsevaluation o
by interface processing

3 layers X 4 pieces/layer

Oxygen
Carbon SCA-I
Hydrogen

Molecular structure of
crystal-like resin (Interface C)

Connected state Separated state

HRL | Hitachi Research Laboratory © Hitachi, Ltd. 2014. All rights reserved.



Adhesion strengthievaluation HITACHI
by interface processin

——

Silanecouplingagents (SCA)
Glaze(SiO,

-10% ALO,)

Silicon

Oxygen

Aluminum

Ceramics
(ALO3)

Interface C

InterfaceB Interface A) (Interface B)

* MDD softer ware Discover

HRL | Hitachi Research Laboratory © Hitachi, Ltd. 2014. All rights reserved.



S e

HITACHI

@ : .Q‘-‘ Inspire the Next
Comparison of exg griment and simulation

Interface A

Debonded | 4
interface R y "A- . .
i The interfacial

, fracture energy

matiedc agrees well with
: Nl the adhesion

Glazed layer 2o strength index

experiment

Adhesive strength index (u+B) with

0 0.1 0.2 0.3

Interfacial fracture energy with atomic simulation,
Eyp (J/m?)

Comparison of experiment and
simulation

H R I_ | Hitachi Research Laboratory © Hitachi, Ltd. 2014. All rights reserved.
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Summary — . =

= We developed an interface improvement method that can
efficiently increase the interface adhesion strength.

“ A qualitative comparison of the interfacial fracture energy
and the adhesion strength index of the interface showed
that the simulation and the experimental values correlated
well.

v¥

The debonded interface predicted from the results of the
molecular dynamics simulation was the same as that
determlned by observmg the surface of the test piece after

HRL | Hitachi Research Laboratory © Hitachi, Ltd. 2014. All rights reserved.
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| have had dreams and
| have had nightmares,
but | have conquered my nightmares
because of my dreams.

by Jonas Salk
Hitachi Researt oratory, Hitachi, Ltd
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