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Application and Evaluation
of Bibliometrics Methods

for the Materials Science and
Engineering

" Presented at 2012 INFORMS Annual
Meeting in Phoenix, October 14-17

® Shingo li (Ogasawara lab.),
Nakamura Hiroko

Introduction |

There are still many problems to be solved.
Joints and adhesives are current hot topics.

PR panls e —

Bonded by fastener Adhesively bonded joint

Researches for realizing more effective joints and adhesions
are being done.

How do | find effective solutions?
= Taking technologies and ideas from other fields would be good.
* Methods used in bibliometrics like data mining are useful.

This document is provided by JAXA.
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Methodology

1. Collect the data of papers L
+ Retrieved word: adhesive °05, o °

 Base data: 55,425 academic papers from all journals (1S1 Web of
Science, retrieved at April 2012)

]
oo

o

2. Construct citation networks 3

+ System used in this research was developed by Innovation Policy
Research Center at the University of Tokyo

« Citation networks were constructed by direct citation edge

3. Extract maximum connected component ;

* Maximum connected component consisted of 35,399 papers with
167,896 edges.

13

Graduate School of 1/;‘

Methodology e

4. Divide the component into clusters
- 239 clusters were created by Newman’s networking
« Size: 3 to 8,955 papers (Cluster(CL) 1 to 10 cover more than 85%)
* Average published year: 2001.7

Cluster  Numbers of papers Edge Density Ave. year
(Node)

All 35399 167896 4.74 2001.7
1 8955 34131 3.81 2001.3
2 7163 34684 4.84 2002.0
3 5766 52261 9.06 2004.0
4 4896 21616 4.42 2000.8
5 953 2931 3.08 2005.0
6 583 1414 2.38 2000.7
7 582 1169 2.01 2003.8
8 443 1151 2.60 2002.5
9 389 1910 4.91 2003.8 14
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Landscape of papers

on “adhesive”

CL#2 (7163)
MNext slide

G Enamel a
. d ntin

CL#7 (582)
; N,ﬂmlr force

CL#1 (8955) e N :

Cell to cell adhesm W N\

CL#4
(4896)

CL#2 (7163)

CL#2-4 (688)
Gecko

CL#2-2 (1805) foot-ha-._

Pressure Sensitive
Adhesive (PSA)

CL#2-1 (2000)
Adhesively
“bonded joints,
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Graduate School of

5. Search for useful knowledge  fenersaences =

The University of Tokyo _’

Key concept Detail description

(i) Foot hairs of gecko (Setae) Mechanism
Van der Waals force

Adhesion force
0.1 N/mm? of pad area with 5x10° setae

Advantage

Rapid detachment and reattachment
Used many times with almost the
same adhesion force

v-2 104ns

Challenge

To fabricate artificial surface which has
the same property because of the large
number of parameters

Reference
Autumn, K et al, NATURE, V405, P&81 (2000)
Boesel, LF et al, ADV MATER, V22, P2125 (2010)

17

5. Search for useful knowledge

Key concept Detail description

(ii) Mussel adhesive protein Mechanism

*Mussels have five protein families
known as Mytilus edulis foot
proteins (Mefp). Mefp 3 and 5 are
highly hydroxylated and form
numerous hydrogen bonds and
metal complexes.

w
5 Adhesion force
Q 1N/(3mm diameter circle = 105 m?)
?
w Advantage
Strong adhesion under water (wet)
environment
Reference

Lee, H et al, P NATL ACAD SCI USA, V103, P12999 (2006)
Wiegemann, M, AQUAT SCI, V&7, P166 (2005)
Lin, G et al, P NATL ACAD SCI USA, V104, P27B2 (2007)
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5. Search for useful knowledge
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Graduate School of |{“
Frontier Sciences | [ ,~ >
The University of Tokyo |

Key concept

(iii) A reversible wet/dry adhesive
inspired by mussels and geckos

Detail description

Mechanism
*Mentioned in the previous slides

Adhesion force 1.2 kN 1o separate
* 120 nN/pillar (in air)
80 ni/pillar (in water)

w

=

o

g Advantage

z - Rapid detachment and reattachment
-Water resistance

‘Keep the performance for over 1000
cycles in both dry and wet environments

Reference
Lee, H et al, NATURE, V448, P338 (2007)

Graduate School of |(‘"‘
Frontier Sciences | [ ,~ ™

6. Apply to CFRP

The University of Tokyo |

| acquired useful knowledge from the other fields.

(i) Foot hairs of gecko
(i) Mussel adhesive protein
(iii) Areversible wet/dry adhesive inspired by mussels and geckos

*Directly applied?

-Needed a few/a lot of modifications? _l Expertise

- Feasibility

A New solution from (iii) !!
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6. Apply to CFRP

Concept

(iii) A reversible wet/dry adhesive inspired
by mussels and geckos

Graduate School of
Frontier Sciences

The University of Tokyo |

Detail description

Directly applied to secondary

structure of airplanes

» Enough adhesion force
+ Good performance in rain

* No fasteners for joint

- Weight reduction and fuel saving

* Easy replacement

= Short time & low cost maintenance

0
-
L
HEEV spar Front spar
/T|Dnﬂhe5h‘lIE tape
E (Yellow)
Honeycomb siructure Fange ek )
Key concept Detail description Application
Dentin bonding All-in-one adhesive | RENETEEE E
o (acid treatment, \F HERIEZ LD T,
PnspinReack St washing, priming, INEEBEE—SIC
bonding) PoTLESEHRRKRD
Enamel — adhesiveD#EICD
CL#3 _ = reduce handling | WTHIZHEDH B)
Dendn _r' time / uniformity /
water resistance
BIEES 2R (R EH p bk
ELLYE/T—DA)
Joint type & adhesive | Japanese traditional | *reduce fastener (not
joint methods for “no” fastener)
wood beams *apply to second
structure like floor
—easy replacement / | beam, winglet and
CL#8 no nail Borsicgs
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Apply to CFRP

Results of hearing survey

“This methodology is very effective when researchers try
to find interesting ideas about problems. It may be useful
when researchers make proposals to a person or an

institution that offers financial assistance. | want to use it.
(A researcher of CFRP in JAXA (Japan Aerospace Exploration

Agency))”

“The application sounds interesting. Short time and low
cost maintenance are very beneficial for airlines. | want to
know whether the adhesive is commercially available or
not. (A professor at the University of Tokyo)”
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