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Composites Serve as Primary Structural Material
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Fig.| Schematic drawings of the smart repair process,
Melted particles {a) cross section view af composite, (b) clongation of SMA fiber with
Figure 13. illustration of the futire application of the proposad infa-
Figure 1. Concept of the intelligent material system. igent material system with laser hesting system.
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Typical virgin and healed stress-strain curves for a self-healing epoxy specimen
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Typical virgin and healed stress-strain curves for a self-healing FRP specimen
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SEM micrographs of fractured microcapsules of self-healing epoxy specimens
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Debonding initiates at As the u*/L increases

the equator. further, debonding
damage propagates from

Matrix the equator to the pole.

Microcapsule

Pol

xSE ‘
Equator

(a) w/L =0.013 (b) w/L =0.018

(c) u/L=0.027

Fig. lllustration of the predicted debonding damage growth pattern in the unit cell
odel viewed from surface x,=0 as a function the applied displacement
==. Toyama Prefectural University

FBREED

Microcapsule diameter 2R

The debonding damage
1 < ST N initiates at lower
\ N N displacement as the 21?
0.8 '\_\ \__ decreases.
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0.4 -—-20 Tl obtain higher healed
ol — 1(5)8 T strength.
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Fig. Effect of microcapsule diameter on debonding
behavior
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Fiber volume fraction of 3.4%

Fig. Specimen geometry (dimensions in mm)
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Fig. Optical micrograph of damage observed in virgin specimen of self-healing
FRP containing the microcapsules with UV fluorescent dye (N=6000)
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Perfect spherical shape

+F/745—

gERA—HRUF/Fa—7

(MWNTSs)
(Microphase Co., Ltd)

oy o

\ %

TIVEF F/HF
(Hosokawa Powder Technology
Research Institute)

Diameter of 36nm

. Average particle
Material TYPe | iameter (m)
= DAW45 45.2
TILEFH
(DENKI KAGAKU | DAW10 9.0
KOGYO Co.,Ltd) DAWOS 45
. Average
Material Type dimensions (pum)
M207S ®14.5 x 400
B M201S @14.5% 150
(kureha Co.,Ltd) 5 Z:
M2007S @14.5% 90 200um
Microphotograph of M207S
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Microphotograph of CNT Microphotograph of NP36
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1 Two-filler system

in /074 5—KERE
VM _ ViN1 + VaNy
f = I3

45— (X

a = \S/Vl/VQ

Ni:number of large filler

L :unit cell dimension
V1 :volume of large filler
V5 :volume of small filler Ns:number of small filler
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Table Properties of material in the model

) BYREEE
’ adabaid  @long the conduction axis Z;
D=

Heat flux L i

A= [ qi :heat flux
Unit cell % AT; :temperature drop
across the unit cell
a

Fig. Heat conduction boundary
conductions on a unit cell with

respect to conduction axis X,

FHENRMEER
\FEM _ At At A
¢ 3
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Materials Thermal conductivity (W/mK)
Alumina particle 36

Carbon fiber 100

MWNT 3000

Matrix (epoxy) 0.208
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25
Two-particle ¢ =3)
) 2L VY (vol%)
K —a—20
m ——30
w 15[ ——46

1L

Thermal conductivity
05 . ) | of matrix A9,
' v

0.3 0.35 0.4 0.45 0.5 )
. Nano filler/epoxy
A, (W/mK) composites
Fig. Predicted thermal conductivity of two-particle model as a function of the thermal
conductivity of the matrix containing nano fillers
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DAWO5/DAW10
O without MWNT

1.50 O with MWNT (v"=3vol%)

E3IR—
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Lw
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o
3
:
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42 " 50
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Fig. Effect of addition of MWNTS to the matrix on the measured thermal
conductivity of the composites
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[ Experimental
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O Analytical
15¢LC (Two-particle/MWNT @ =2, 3=20))

Vv'=42vol%

£ IR

—XD5 -OODaTOE
o
I3 P
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Fig. Experimental and numerical results for thermal conductivity of the composites
with MWNTSs and micro fillers as a function of nano filler volume fraction
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3.
DAW10/DAWA45 [] without nano filler
3 —V'M=60vol% with nano filler V'N=3vol%)
})< 25
m
20
N 15
EAC St
1t
0.5F
0 . L
MWNT Nanoparticle

Nano filler

Fig. Effect of nano filler type on the measured thermal conductivity of the
composites
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(@
SEM micrographs of fracture surface of two-particle system
(DAW10/DAW45 composite) containing MWNTs :(a)well-dispersed MWNTS;
(b)cluster of MWNTs

Fig.
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L VM =10vol%
0.7-a=3

I Two-fiber
0.6 Largest increase

AEM (WimK)
o
o

—e— two-fiber (B=5=3)
—0— large-fiber/small-particle(3=3) N
—2— large-particle/small-fibe3=3) [rhermal conductivity
r —O— two-particle bf matrix A7

X n

0.2 ! !
0.2 0.3 * 0.4 0.5 Nano filler/epoxy
Am (W/mK) composites
Fig. Predicted thermal conductivity of two-filler models as a function of the thermal
conductivity of the matrix containing nano fillers
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Table Measured thermal conductivity of the composites with/without MWNTs

exp mK
M A8 (WimK)
System without MWNT witn MWNT
(vol%) (V¢ =3v0l% )
M201S/M2007S 30 0.53 N

(two-fiber,a =12,
£=105,=6) | 50 0.94 —

M207S/DAW45 30 0.80 _
(large-fiber/small- .
particle, a =11,

5228 50 1.12 1.50
DAW10/DAWO05 -
(two-particle, 30 0.60
a=2) 50 1.15 1.74

Poor wetting between carbon fiber and epoxy
ﬁ:. Toyama Prefectural University 49

M207S

(carbon fibers) DAW45(alumina particles) MWNT

S.8 kv X380 ig@sm

Fig. SEM micrographs of fracture surface of large-fiber/small-particle system
(M207S/DAW45 composites) with MWNTs
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& BRERFHMEMF OYIERE
HA ONT CNF CF
SWNT MWNT
EE (g/cm?) 0.8 1.8 2 1.74
YUY E  (GPa) ~1000 300~ 1000 240 227
5|3RIEE  (GPa) 50~500 10~60 2.92 38
BREE  (W/mK) 3000~ 6000 1950 20
— J SY i J 5 U]
ToL7=TR il PSR ARIEHRE (Qem) 5x106~5x 107 1x10% | 1.7%10°8
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CNC distributed in the matrix at random (wavy)

A three-dimensional unit cell model

Aligned CNC in the matrix (straight)
Direction average of tensor

Randomly oriented CNC in the matrix (straight)

Actual a=vk)L Aligned Randomly oriented
S LR [P

~

—~u

= -
oo o IZ>\//
NI AL

A schematic diagram of the CNC reinforced polymer
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Composites with aligned straight CNCs

Geometrical parameters
Coilradius R

Tube radius T

Coil pitch H

Number of coil turns [N

epoxy matrlf/ . -

nanocoil

212 N Rr?
Finite element cell model Vf g —2
A=y ELETIL W=L
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Geometrical parameters of CNC

SEM microphotograph of CNCs
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Coil morphology of CNCs

CNC 1 2
Tube diameter 480 390
(nm)
Coil diameter (nm) 650 780
Coil pitch (nm) 1080 1330
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Composites with aligned straight CNCs
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Fig. Young's modulus of aligned CNC/epoxy composites vs. number of coil turns
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Fig. Young's modulus of aligned CNC/epoxy composites vs. coil radius R
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Fig. Predicted and experimental results for Young's modulus of
CNC/epoxy composites as a function of CNC volume fraction
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