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Numerical Simulation of Initial Damage in a Transverse Ply of CFRP Laminates

Tomonaga OKABE
(Department of Aerospace Engineering, Tohoku University, Sendai)

This paper reviews the numerical simulation of initial damage in a transverse ply of CFRP laminates.

Especially, we recently studied the effect of fiber arrangement on transverse tensile failure in unidirectional CFRP

with a strong fiber-matrix interface using a unit-cell model that includes a continuum damage mechanics model. The

simulated results indicated that tensile strength is lower when neighboring fibers are arrayed parallel to the loading

direction than with other fiber arrangements. A shear band occurs between neighboring fibers, and the damage in the

matrix propagates around the shear band when the interfacial normal stress (INS) is sufficiently high. This work is

briefly introduced with the other literatures.

{Received October 3, 2011)
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Key Words : CERP, Ply Crack, Initial Damage, Periodic Unit Cell Simulation
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Accelerated Testing Methodology for
Long-Term Life Prediction of CFRP Laminates
by
Masayuki NAKADA, Yasushi MIYANO
(Materials System Research Laboratory, Kanazawa Institute of Technology, Hakusan)

and Hongneng CAI
(School of Materials Science and Engineering, Xi’an Jiaotong University, Xi’an, China)

The advanced accelerated testing methodology(ATM-2)for the long-term life prediction of CFRP laminates
exposed to an actual loading having general stress and temperature history is proposed based on the accelerated
testing methodology(ATM-1)established for the long-term life prediction of CFRP laminates exposed to a fixed
stress history such as static, creep or fatigue loadings at a constant temperature. The most important condition for
ATM-1 is the fact that the same time-temperature superposition principle to be held for the viscoelastic behavior of
matrix resin holds for the static, creep and fatigue strengths of CFRP laminates. Furthermore, three conditions as the
basis of ATM-2 are introduced with the scientific bases. The long-term fatigue strength of CFRP laminates under an
actual loading is formulated based on the three conditions. The viscoelastic coefficients of matrix resin, which
perform an important role for the time and temperature dependence of long-term life of CFRP laminates, are also
formulated based on the time-temperature superposition principle. The applicability of ATM-2 is demonstrated by
predicting the long-term fatigue strengths of typical four directions of unidirectional CFRP laminates.

(Received December 29, 2011)
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Fig.12 Master curve of loss tangent in the transverse
direction of unidirectional CFRP.

Table I Testing method and conditions.
Cross-head Loading  Stress
speed  frequency  ratio Ten;p%gture
V [mm/min] f[Hz] R [°C
o a1 25,80, 150,
fatigue - 2 0.05 25, 80, 150
: 25, 80, 150,
LB static 2 180
fatigue - 2 0.05 25, 80
1 2 25,80, 150
B static , 80,
fatigue - 2 0.05 25, 80, 150
i 2 25,80, 150
TC static > 0U,
fatigue - 2 0.05 25, 80, 150
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Fig.13 Master curve of storage modulus in the transverse
direction of unidirectional CFRP.
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Table IIl Material parameters of creep compliance for

matrix resin calculated from storage modulus in
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Fig.14 Time-temperature shift factor a@ro(7) and

temperature shift factor b7 (7°) for storage modulus
in the transverse direction of unidirectional CFRP.

Table I Material parameters of time-temperature shift
factor aro(7") and temperature shift factor
bro (T) for storage modulus in the transverse
direction of unidirectional CFRP.

the transverse direction of unidirectional CFRP.

Deo(?0,Ty)  [1/GPa) 0.333
Ty [min] 1
i [min] 9.85E9
myg [-] 0.0170
;. [-] 0.413

T [C] 25

T,  [°C] 162
AH,  [kJ/mol] 101
AH,  [kJ/mol] 760

bo [ 1.13E-02

b [ -9.85E-04

b, [ 2.43E-05

by [ -2.23E-07

by [] 6.98E-10
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Table IV Material parameters of master curves of fatigue

strengths of unidirectional CFRP.

X X’ ¥ ¥

[I\/Tga] 2831 2426 122 212
ny 0.142 1.00 233 2.04
ne 0.07 0.06 0.14 0.06
o 50.4 36.7 7.73 17.6
O 19.0 13.4 12.1 15.0
o 6.23 8.70 7.00 6.23
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Fig.16 Mater curves of static and fatigue strengths in the
longitudinal direction of unidirectional CFRP.
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Fig.17 Mater curves of static and fatigue strengths in the
transverse direction of unidirectional CFRP.
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Crack Onset Diagram using Crack Arrester
by
Yasuo HIROSE
(Materials System Research Laboratory, Kanazawa Institute of Technology, Hakusan)

Foam core sandwich panel structures are an excellent structural concept to realize full potential capabilities of
composite materials owing to its high strength to weight and stiffness to weight ratio together with suitable
formability for integral structures. However, degradation of strength due to the interfacial crack initiated from the
damaged area is one of serious problems of this concept. Authors proposed the interfacial crack suppression method
named the crack arrester. This concept is to install materials with higher stiffness on the crack propagation path and
induce the redistribution of load between foam core area near the crack tip and the leading edge of the crack arrester
in order to decrease energy release rate at the crack tip less than the interfacial fracture toughness. Crack suppression
effect of the crack arrester were analytically estimated and experimentally validated under mixed mode of mode I
and mode II, and mode III loading conditions. As for the analyses, it was confirmed that the energy release rates at
crack tip decreased as crack tip approached the leading edge of the arrester under constant loadings. In the
experimental validation, fracture toughness tests were conducted and apparent fracture toughness increased as crack
tip approached the leading edge of the arrester. Based on the acquired apparent fracture toughness derived from test
data, a crack onset estimation method was proposed and a crack onset diagram was prepared in order to apply this

concept to structural design.
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Effect of Interfacial Properties on the Tensile Strength
in Unidirectional Fiber Reinforced Composites
by
Shinji OGIHARA, Hayato NAKATANI
(Department of Mechanical Engineering, Tokyo University of Science, Noda)

and Tetsuya MORIMOTO
(Japan Aerospace Exploration Agency, Chofu)

Effects of the fiber/matrix interfacial properties on the tensile strength of unidirectional Tyranno ZMI fiber
reinforced epoxy matrix composites are investigated experimentally. The interfacial properties are evaluated by
using the fragmentation test and the single fiber tension test. Tensile tests on the unidirectional composites are also
performed to clarify the relation between the interfacial properties and the composite strength. Both fibers with and
without sizing treatment are used to discuss the effect of difference in the interfacial properties. Preliminary results
of the Monte Carlo simulation prediction of the composite strength are shown for further discussion of the effect of

the interfacial properties on the composite strength. (Received October 14, 2011)
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200 3.4 1.7 11

This document is provided by JAXA.



KEEZ, HREAN, HEEH

Film Tyranno ZMI Fiber (¢11pm)

¢ - Paper

=

2 3 O(E ;age length ;0) Araldite
/ Film Unit:mm

Fig.1 Specimen configuration for single fiber tensile test.

v, HE REETERI TR L, BB & SRR IR
& L 724, Fig. 1l OBMEEZOIM§ 5. 5IRABRIE
INSTRON /7 BEM FL ik BRf4442% VT2 O A~y F
EEQ. lmm/min. TiT-o72. F72, REEOF v v F
YT BBMEANDICN R DOEEEER L, WD
72 & 5 mm DAATHERT L 72 B id 77— 7 o Bk
L, Y—TYVE%20mm & L7-.

777 A T—va rRBEOREK 3, Fig. 21TR
9 & 9 IZ Tyranno ZMI fiber & TR F U IFIZH DA
ATPEE— R BRI LTI AT v 7 THB. v MYy
2 A121d, Epikote828 (V¥ NV T RF I LV ¥ (#)
#) (2T LHI & LCTETA (GEv— (M) 2E&E
100 : 11CRA L, k&ML LT, 50T605r, 100TC
Qi T L E /b DEFH L., 797X T —
Va VRERIIEFEMEET T, s ANy F#E0.5
mm/min TH IRERER & 17\, MMERLIT OF A L 728 %
FLERL, & OITHGHERNTE ) OEBGIRE B L.
72 I B FP Y 10mm & L7z,

Matrix b Strain Gage e
< t=

<H

4 N

10
20 20
12

16

Unit:mm

Fig.2 Specimen configuration for fragmentation test.

— MR LR AR O 5 IR ER I, Fig. 3127~
9 & 9 7% Tyranno ZMI fiber800OAKDH %, 7T 7 X~
T—2a YRER L KO TR F VBRI OAA T
EMEE W BHEOREEEERIT26.8%TH 5.
7 a ANy F#EO Smm/min & L, SRESA % %
L, SHIHNEHHE 21T>72. 77— Y &10mm, 30
mm, 100mm ® 3 FEFEORKEF 2 HE L 7.

Tab I Bundle composite

(0}

30 10,30 and 100 30

Fig.3 Specimen configuration for unidirectional composite.

3 ERERRUER
3-1 BMESIIRAR
HgHED [TREER 12 X 0 18 5 N B0 7 2k
ROBEOHAEBTEEINE T TVDF % HWTEE
fiig 5.

F(d)=1—exp{—]%<i>p} (1)

0o

CZT, Fo) lZinfio IZBITAES L OO
BREETHY, 0 IBRNTA—F—, o ZRE/S
A= —=TdhH5. RFFETIX, ¥— V£ Lo #20mm
E L7z, S1)EY,

1n[—1n{1—F(a)}]=p1na—p1nao+1nLLU (2)

DORBRIESI, B % Ino, % In[—1In{1—F (0)}]
L, RN ZEETEMREPTAZETTA T
WG A—=F— (0 BEW o) 2HEHETHIENTE
5.

BT IR L W & o N -BiERE o T4 TV T
Oy b% Fig. 4 [ZRY. INEEMRLELLES L
TATWINT A —F —% Table MIZRT. ThiD
Tyranno ZMI fiber (&, A ¥ > FALE O M L 5 i
HEBE DA NDORE LRI W L2 R L 7.

—&~With sizing treatment
-t+ Without sizing treatment
2 T
1 =
= 0L
=}
|
£
g 2
Bl -
. i
0.5 0 0.5 1 15 2

In[o]

Fig.4 Weibull distribution of fiber strength for Tyaranno
ZMI fiber.

Table I Weibull parameters of Tyranno ZMI fiber.

With sizing treatment Without sizing treatment
P 2.90 2.50
o, [GPa] 342 343

3:2 7T ACT—a HER

Fig. 512797 A7 —YayRBEHICEHE I
WAERR T O — Bl %, Fig. 6 \TRCEEMEE CEIZE L ik
MEREIT O — B % 7R 9. Fig. 5 & O MRHEREIT I fE v =< b
VoI RAT T INREELTWEI bR, T2,
Fig. 6 & O #AEBL TR D OBEMBEBEREEr S, Wi
WA I B ELTWAE I LR TE S,
BEIRIC BT 2 BALBER & S M7 ) ORISR

BRY AT L 305

This document is provided by JAXA.



— 7 REAE SR LR S RO 5 BRI R34 TR D 8

/ Matrix crack

30pm
Fiber break
Fig.5 Fiber break and matrix crack observed in
fragmentation test.

Fig.6 FFiber break and debonding observed by a polarized
optical microscope.
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Table IIT Weibull parameters for fiber strength distribution
and the interfacial shear stress used in the Curtin

model.
With sizing Without sizing
treatment treatment
o 75 75
0o(GPa) 3.5 35
7(MPa) 40 27
O With sizing treatment
0O Without sizing treatment]
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Fig.8 Change in debonding ratio with specimen strain.
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Table IV Weibull parameters for composite strength.

Gage length (mm) 10 30 100
With sizing oo(GPa) 1.07 1.04 0.96
treatment P 21.4 30.7 17.8
Without sizing o,(GPa) 1.02 1.02 0.94
treatment P 26.3 26.2 15.5
—©—- With sizing treatment
3 —E- Without sizing treatment
Y| 5 ey

In[-In{1-W(0)}]
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Fig.9 Weibull distribution of unidirectional composite
strength(gage length30mm).
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(b) Without sizing treatment.

Fig.10 SEM Photograph of fracture surface of
unidirectional composite(Gage length30mm).
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Fig.11 Schematic of fracture surface for unidirectional
composite.
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Fig.12 Relation between the composite strength and the
surface roughness.
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Fig.13 Schematic of simulation model for strength
prediction in unidirectional composite.
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Fig.14 Unidirectional composite model of hexagonal array.
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Fig.15 Change in stress concentration factors in (a) broken
fiber and (b) surrounding fibers.

Fiber break

Fig.16 Schematic of stress concentration factor model
around a fiber break along fiber-axis.
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| Determination of simulation condition |
I

Assign strengths on sublinks using

Weibull random variables
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[

| Stress redistribution due to fiber break |
[
l Calculation of stress concentration factors |
[
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strength/stress concentration factor value
[

5% composite stress reduction from
the maximum stress

Output of results

| Repeat for the number of tests |

Fig.17 Flow chart of Monte Carlo simulation.
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Table V. Material properties used in the simulation.

Fiber axial Young’s modulus [GPa] 200
Fiber radius [pm] 3.5
Number of fibers 721
Scale parameter of fiber strength distribution [GPa] 3.50
Shape parameter of fiber strength distribution 7.5
Reference length of fiber strength distribution [mm] 20
Link length [pm] 300
Volume fraction [%] 26.8
Matrix Shear Modulus [MPa] 1.24
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Fig.18 Weibull distribution of strength simulation results
for several sublink numbers in a unit link.

Table VI Weibull parameters of the simulation results for
several sublimk numbers in a unit link.

Number of sublink 30 13 10 5 1
o0(GPa) 84.79 81.20 74.11 57.97 39.39
J2) 1.26 1.26 1.25 1.22 1.05
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—©— Experimental results (With sizing treatment)
—&— Experimental results (Without sizing treatment)
—&—Prediction
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Fig.19 Weibull distribution of unidirectional composite
strength.

Table VII Weibull parameters of unidirectional composite

strength.
Gage length (mm) 10 30 100
Prediction o,(GPa) 1.22 1.21 1.20
P 106 131 144

14 ; ; !

Stress [GPa]

0 i i i
0 0.0075 0.015 0.0225 0.03
Strain
Fig.20 Simulated strain-stress diagrams of unidirectional
composite.
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Effect of Z-yarn on Bending Behavior of Non-crimp Fabric Composites
by
Takenobu SAKAI Shuichi WAKAYAMA
(Department of Mechanical Engineering, Tokyo Metropolitan University, Hachioji)

and C-R Rios SOBERANIS
(Unidad de Materiales, Centro de Investigacion Cientifica de Yucatan, Mexico)

In this paper, a composite material based on epoxy matrix reinforced with glass-fibre non-crimp fabric was
evaluated. The multi-axial E-glass reinforcement textile has a mass per unit area of 972+5 % g/m’ and a [0° ,+45°,
90°, —45°] stacking sequence. The layers are stitched together with a polyester (PES) multifil binding yarn. Epoxy
system chosen was constituted of resin D.E.R331 from Dow Company, which is a liquid resin of low viscosity and
high content of epoxy groups. Samples were cut from several laminas having each of the four plies of unidirectional
fibers’ orientations (0°, +45°, 90”) parallel to sample length in order to test the effect of the polyester knit yarn on
the damage initiation and propagation. To evaluate the mechanical properties of NCF, the three S-S diagrams at
different textiles’ orientations (0°, 45 and 90°) were compared. Samples at 0°exhibited better mechanical
properties, on the other hand, 90° shown higher deformation. Higher Young’s modulus and bending strength was
shown for 0° composites while results for 45° and 90° were not very dissimilar. For all samples, discontinuities on
the curves appeared when a significant crack emerged. Materials at 90° were observed to have more serrations on its
curve due to the higher crack density due to the reinforced textile geometry.To evaluate the crack initiation and
propagation, Acoustic Emission (AE) Technique was applied during bending tests. Cumulative AE Energy was
increased at the decrease point in load on each material. With Projected Wavelet Transform Analysis, the major
frequencies of all AE waves were calculated. As the result of frequency analysis, the discriminative frequency was
determined with the observation by the optical microscope. Considering with the all of the data suggested that the
stress concentration by the outer layer and the PES stitch caused the crack initiation and propagation.

(Received November 24, 2011)
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Fig.1 Non-crimp textile structure.
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Fig.2 Sample orientations for bending test.
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Fig.3 Multiaxial textiles structure, inspection from both
sides.
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Fig.5 The AE measurement chain of the 4-point bending test.
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Fig.6 Bending behavior of NCF composites.

TableI Mechanical parameters for NCF composites.

E(GPa) US (MPa)
0° %] 207
45° 1.5 157
90° 1.3 150
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Time and Temperature Dependence of Surface Accuracy on CFRP Sandwich Mirror
by
Jun KOYANAGI,
(Institute of Space and Astronautical Science, Japan Aerospace Exploration Agency, Sagamihara)

Yoshihiko ARAO,

(Department of Mechanical System Engineering, Doshisha University, Kyotanabe)

Shin-ichi TAKEDA, Shin UTSUNOMIYA
(Aerospace Research and Development Directorate, Japan Aerospace Exploration Agency, Chofu)

and Hiroyuki KAWADA
(Department of Applied Mechanics and Aerospace Engineering, Waseda University, Tokyo)

Mirrors of satellite are one of the heaviest parts in the satellite. The maximum weight of the satellite is determined
by the launch capacity of the rocket. Of course, the weight of the main mirror is limited but larger mirror enable
higher resolution observation. A specific stiffness of the mirror material is hence a key factor. Since carbon fiber
reinforced polymeric composite material(CFRP)is superior to not only the specific stiffness also in—plane thermal
stability, it may be suitable to use as mirror. Before applying CFRP to the mirror, several problems should be
solved ; one of them is long—term reliability of mirror surface accuracy. It is reported that there exist a ”print—
through” problem for CFRP mirror surface. To address this problem, a lot of works regarding surface coating
treatment have been done for the mean time. However, the long—term assurance of the surface roughness has not
been discussed nevertheless the mechanical property of CFRP is inherently time—dependent. There is a possibility
that the time—dependent deformation of the material deteriorates the mirror surface accuracy. The deformation
induced by physical ageing, dewater and internal stress relaxation of the matrix may change the surface accuracy. A
deformation induced by temperature change is another problem. In this paper, time and temperature dependence of
the surface accuracy is studied for CFRP sandwich mirror. The effect of different surface treatment on the surface

accuracy is also investigated. (Received October 31, 2011)
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Fig.1 Fiber-print through on CFRP surface.
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Fig.3 Fabrication flowchart for CFRP sandwich mirror.

VU RAy FEEERLL. MBI, Fva—
FA v TBENTIHEL, I—T 4 Y IRBEELL
YU PA y FHERS KA (Fig. 3-6). €014,
Zygo THRRHC CREREE % % 72 D 1T LT 75 JUA =
EHART B0, TVIREZLL (Fig. 3-7).
NS DIEEFTRTHE)ITMPIZTB I o7z, {E
BMENLIT—DOKRE ST, HEHELOm, B & 3cm
T, lemPU547200.9g DERN= A LHF Y FA v
FHEEMCTH L. FHULAZCFRPI 7 —DEH%

Fig.4 Gel-coated (and then buff-polished) and Al
evaporated CFRP sandwich mirrors.
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Table I Surface roughness measurement results after various hostile condition durations.

Surface roughness nmRMS

State # Condition Duration
No. 1 (Buff-polished) No. 2 (Gel-coating only)
0 Initial - 20 80
1 Normal room 13 days 50 100
2 Normal room 6 days 40 120
3 80°C 95%RH 1 day 60 180
4 20°C vacuumed 1 day 60 180
5 Normal room 8 days 60 180
6 80°C vacuumed 7 days 60 180
FR244E 3 A — 48 —
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Fig.5 Z-displacement plot measured by Zygo in
approximately1xlinch area.

L7, B3aAOEEERT. ML, Miff—=&
—EKDT) Y NANV=ZFNT =T 4 T ENTHE
WWEDHEENTHE ZEPHERTE LD, MiEoR
L~V DA BRI 2 77 ¥ b AV — OFFFEHHH
FEIZ o 7z,

Thbb, JOLHIZT) TV I7HNOMMEOER & H
DRFICED L) ZMAFFELZ. ZOEITMAE
B SIEOITEL 25 MEAER L (KH a—b), TR
BIIDLEIERL 2 2EADT D -7 (HFb—>c). #
DHEZETORIBIC > THNENME o LI I
Rz25 (Mfc>d). IhziiffodR e Ko MICHEE
THEIRY v FREIET L. BEO 74V h v —
D v TR R AR E BET A L, KO
aPbdETOEHEERNII—HT L0, 20D
[ OXd%T) v FANV— 3O L HOB D
BHg) v FECTHH EFHTE S,

4 FREOHNE

W OFER?S, FIVa—F 4 ¥ 7 D%, NTHE
M L7285 (No. 1 & No. 3) 2SHMI9IC B\ 5T
RETH o7/, #Z T, 24K D CFRP# (No. 3 &
No.4) VT, KEOHUE*ITo7/2. Thbb,
bHEMICTRELHEERER L, Fig. 3-4DIREF
TRY, 5~T7TOTREHEFEMLZ. Tt No. 3
DFNHT L TIIAITET SRR 2 iR O W OB ) v 7
oW Z D 53 F %2 MFF L TITV, No. 4 OFIxT
L CRKIRZBEROSEZHo TiTo 72, BT
EFBRIC, RERFEHELOEETH L0, 024D
CFRP 124 L Tid, BEFEHVIRETORMEE D

Table II History from fabrication to measurement.

Mirror No. No. 1 No.2 | No.3 No. 4
Fabrication Common | Common | Common | Common
Surface treatment  |Gel & Buff| Gelonly |Gel & Buff| Gel only
Initial RMS (nm) 20 80 | 20 100
| After harsh exposure 60 180 | 60 240
1___ Long exposure & - 1 year 1 year
| Re-treatment - - |Gel & Buff|Gel & Buff
| | - | 0.5year | 0.5year

After long exposure |

| Ambient temperature | L | - 53 | 980

| Elevated temperature | - = 54 | 730
/ Heater

Heater Zygo interferometor
Grip

Fig.6 Schematic of measurement system.
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Rapid Repair Concept for CFRP Structures
Monitored by Structural Health Monitoring Systems
: On Uncertainty of Detected-damage Information
by
Shu MINAKUCHI, Moto TAKAI, Haruka OTAKE and Nobuo TAKEDA
(Graduate School of Frontier Sciences, The University of Tokyo, Kashiwa)

Even though carbon fiber reinforced plastic (CFRP) has remarkable mechanical properties, invisible or barely
visible damage significantly degrades the strength of CFRP, restricting design space of CFRP aircraft structures. In
this context, several structural health monitoring (SHM) technologies have been developed. If detected damage can
be repaired by using rapid cure CFRP patch immediately after its occurrence, CFRP structures can be designed to
tolerate larger damage, and thus more lightweight and adaptable aircraft structures may be realized. However,
damage size, position, and type estimated by SHM systems are not absolutely accurate. Hence, this study
experimentally and numerically investigated effects of the uncertainty about detected-damage information on the
strength of repaired parts. Simulated impact or lightning damage was introduced in strip specimens, and tensile tests
were conducted using them after repairing. It was shown that the strength requirement of the repaired part can be
fulfilled by deciding the size of the CFRP repair patch in consideration of the uncertainty about the damage

information. Furthermore, required capability of an impact damage detection system combined with the rapid repair

method was identified.
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Fig.1 Design and operation of CFRP aircraft structure employing SHM system and proposed rapid repair technique.
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Fig.2 Schematic of rapid repair concept.
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Fig.3 Five configurations of test specimens.
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Stress distributions were calculated along these pathways

Fig.5 Schematic of finite element model.
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Fig.6 Peel stress distributions of specimens (a), (b), and (c).
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Fig.7 Peel stress distributions of specimens (b) and (d).

(b) Specimen (d).

Fig.8 Simulated deformation around damage.
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Fig.9 Schematic of damaged areas in specimens.
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Fig.11 Design of CFRP patch repair.
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Process Simulation of Fiber Reinforced Plastics
Part [T Formulation of Mechanical Properties in Various Molding Methods
by
Kazushi SEKINE
(Advanced Technology Research & Development Center, Mitsubishi Electric Corporation, Amagasaki)

and Tsuyoshi OzZAKI
(Composites Research and Development Co.Ltd.
and Synthesized Engineering, Graduate School, Kanazawa Institute of Technology, Tokyo)

Mechanical properties and dimensional accuracy of FRP parts depend on molding process. In this study, a
simulation method considering molding process to predict those of FRP parts has been developed. In this paper, new
parameters of the simulation method to predict the stiffness and the strength of a co-cured honeycomb sandwich
structure were proposed. The new parameters were acquired experimentally by evaluating the proportions of the
strength and stiffness of a CFRP faceskin/aluminum honeycomb sandwich panels molded by co-cure to those of
them molded by pre-cure. In addition, the relationships between the dimple depths of the CFRP faceskins and the

strength of the aluminum honeycomb sandwich panels were investigated experimentally to prepare the parameters

more efficiently.
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Fig.1 Process simulation of fiber reinforced plastics.

MEY AT L #30%

This document is provided by JAXA.



BRI 7 O A2 ZEL AR SR LS RRETEUR ORI %

52 BUEEOBNILAEILmDTI F IR O R B

H5. - T, Fig. 1 ORFIZSH THb N 7ZE5 12
RL72E I, BEEOEVIZL ZRELOME~D
Sy [HEFEOEE T — s N—2 | #BBLTEHE

WIBEIE® 2P T R E Lz,

BRI, 7)F 2 TERIERTIF 2 THRIETH
PELZzNNZH AT N A v FREEDEPERERE & i
R A AR L, :#x?ﬁ/ﬂwﬁ%fU#JT&
EDETHR LT — 4 R—2A 28T L5, 612
HEE e 7 — S N— AR WET AT, 0#17
ISR ST F 2 7 RGO H AR %, %E@
FArTVESTERTLAFFRICEL TR LA, L
oz, FoEMERT.

3 BEEOMT — 2 AN— XD LB MEETEFEE

HHEECRAE U 7B dn O 1 F B & EERAYIC
G L, 2L 2 2SO T2 T 21500
Frvary7yrs) b L THELAEEROEE
T R—2A5 BT, BEFOEWILIEEL
ERE LRI OMREE Tl A AT IR L TG &
1To7, BAREGICIE, R 285858 CER LR
B L CHFEMEEOFM A 4T, SR A B L TR
BEMEL, WEFEORLIREMOMEEL FHlT 5
BE, FORBEFERT A, Flz i, 2% 2 TR
TYERL LB g% 7 F o TR CIER L7
AR OBELRLULEELZRAEL TETiE, 7Y
F o TR TR L7 DS Th o 72 L

&, TORBROBEIHE LREERITLI LT,

X 2 T RIB TR L7238 OB ah O 8E © Tl
LIENTED,
31 UZIYa>T777808EE

ML e B O NERIEEIST 5, HAHME
mONENEEORE )Y v ar Ty 2y L LTH
TBY A, FEEECEELZEGODENEEE T
T, FEEETHBA 2 EEL, BMEERLY
FW», Y232 ar7yr 07— RX—AEBET
b, IOk &, KL L BB OTIFENFFELEERT
S, HHEFONZEEL, DLTOR (1) T
Hzonh,

M:MlmseXRF (1>
M, Mo \ZENFNEQOTFIEEE, EEE RS
BSOS, RFIXY s ar7708ThH
n, & (2) TERENAE.

RE = Ms/MS pase ( 2 )

Ms, Msyse (TENFNRERF O JFNFRE, HiHEL
hARBEONFHEETH L. 20 LI, V¥
arIr v o bbbk hEELORET-F N %
BETLILT, EBROFEPLEELL LR T LY

“FRE244FE 3 A — 55 —

B2, FHOBREETEIE L 2256 DGO I F1EE
Hx Tl AZLENTES.

K2 T, CRRPERETAVINSHLITHS
AT YLy FNRIEMBRE L, ERETHS
FUFaTERIEE, 32X 2 TR E OMOENEER
ELHFMECET) s ar Ty s RERL
7.

32 NIZHLYRAYFINZIVOENEHEERE O

T FaTEIZERT ¥ 2 T EIBEICT, CFRP
FBELETNINZHLATRERE2F 2 KL v FIia
VoORBF CBHEL, SRBROmMAEMRREEITV:,
FOMELRFML 72, 2 FA v F 8ROV OmAEHR
HERIE, ASTM (C364-99 (Standard Test Method for
Edgewise = Compressive  Strength  of  Sandwich
Constructions){Z#E#L L THr - 72, Fig. 2 (2R O
RERT. ABETHEEH0mm, #30mm, 270
JE&12mm T Y, R8Smm PHENFIKRTH 5. REE
Fr O % Table TIZRS . REMIZIE, RFEHMEM
55] (L #) L120CH b TR SHHED» O %25 7
7Ly, BFL R RESEME0T (RLE) 2170T
WbO R MIEL L5 7) L7 FRL, #
BEHEEET S LD IR LT, R EIH LTH
Bty N v F3a v e 8L, REBOER -
W OIE S 1%, MBS/ LR F T O40.60mm, ME0J

__ 60mm Resin 12mm

80mm

80mm ' Film adhesive
Aluminum honeycomb core

(b) Side view

(a) Front view

Fig.2 Specimen geometry for edgewise compression test.

Table I  Several types of specimen.

Type Molding CFRP Laminate Honeycomb core
method face layup cell size (inch)

A-1  Pre-cure M53J/Epoxy  (0745°907-45") 3/8

A2 1/4

A3 3/16

B-1  Co-cure MS5I/Epoxy (0745°/907-45) 3/8

B-2 1/4

B-3 3/16

C-1  Pre-cure M60J/Epoxy (0745790 7-457 3/8

C-2 1/4

C-3 3/16

D-1  Co-cure M60J/Epoxy (0745/9077-45) 3/8

D-2 1/4

D-3 3/16
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Table I The results of edgewise compression test.

Type Facing compressive strength

(MPa)
A-l 141.1
A2 173.6
A3 2142
B-1 123.8
B-2 1483
B-3 1792
c-1 100.2
C-2 120.4
c3 1432
D-1 72.0
D22 89.4
D-3 1009
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Fig.3 Specimen geometry for flexure test.
Table [T Several types of specimen.
Type Molding CFRP Laminate Honeycomb core
method face layup cell size (inch)
A-1  Pre-cure M55J/Epoxy (07457/907-45") 3/8
B-1 Co-cure MSSI/Epoxy (0745°7/90%-45) 3/8
C-1  Pre-cure M60J/Epoxy (0745790 7-45%) 3/8
D-1  Co-cure MB60J/Epoxy (0°/45/907-45) 3/8
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Table IV The results of flexure test.

Type Flexural stiffness
(N*mm?)

A-1 1.31E+08

B-1 1.25E+08

C-1 6.07E+07

D-1 5.40E+07

3.4 UAII3LTr I 20RERR

T ¥ 2 7R CRYE L 22 S O T AR R 1
YA, TF 2T AR TEAE L 72 an O T P HE
Eol X (2)TEHEL, BNEREED)) ¥7 v 3
Y77y ELTHELR. BE LAERNERESREO
V¥ 7 ary7 7 7% Table VIZART., RLD, 7
VAINZHLITTOENT A ZIHERLTH, BHE
WRED) Yy ary 77 s FIFIEEAEEL LRV

ZEWShots, T, EATAARKREL RS L,

CFRP #RIZHET 2 MMd R E (& ) BNLHESRE
MWETT 54, ZOBEERTOEEGH T F 27 HE
HTHIF2T7HRERTHIRIZIFRLTHLEI EERL
Twa, ZOERPL, BEEE 7)) F2THEIS
aAF 2 TRGICEERES B L, FEHMH M551/Epoxy D
BEIIH16%OEAEMEEDR T D, BEM
#% M60J/Epoxy DA 13#928% O N E#EEE DK T
PEZILESZAD.

F7, 7V F 2 TEIECEME L 2B MmO il TR
RS, 2% o2 PRI TR L 2B O 1S
DtEX(2)THEL, BMITRHMEOY 72377
yy e LTHELZ., BELlmiTRtEoy 527 v a
Y777 %% Table VIIZRT, ZO#R0L, #iE
EE ) FaTHELL X 2 THRBICEET S L,
F R H S M551/Epoxy DI a3 4 B FEEE O - R %D

SER244E 3 A

TS5 0, FKEM D M60I/Epoxy D34 1311%4E
EOMITHEOERTINEZ A LF 2 5.

Table V. Reduction factor of facing compressive strength.

Type Reduction factor
)
B-1/A-1 0.88
B-2/A-2 0.85
B-3/A-3 0.84
D-1/C-1 0.72
D-2/C-2 0.74
D-3/C-3 0.70

Table VI Reduction factor of flexural stiffness.

Type Reduction factor
)
B-1/A-1 0.96
D-1/C-1 0.89
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Fig.4 Specimen geometry for 3-dimensional coordinate
measurement.

Table VII Several types of specimen.

Type Molding CFRP Laminate Honeycomb core
method face layup cell size (inch)

A-1  Pre-cure M55]/Epoxy  (0745°/907-45") 3/8

A-2 1/4

A-3 3/16

B-1 Co-cure MS55)/Epoxy (0745°/907-45) 3/8

B-2 1/4

B-3 3/16

C-1  Pre-cure MG60J/Epoxy (0745790 7-45") 3/8

Cc2 1/4

C3 3/16

D-1  Co-cure M60J/Epoxy (0°/45°/907/-45) 3/8

D-2 1/4

D3 3/16
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Table VIII The results of dimple depth.

Type Dimple depth
(¢m)
A-1 26
A-2 15
A-3 12
B-1 58
B-2 41
B-3 24
C-1 43
C-2 21
C-3 15
D-1 79
D-2 58
D-3 51
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Fig.6 The relationship between dimple depth and facing
compressive strength in A and B.
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Fig.7 The relationship between dimple depth and facing
compressive strength in C and D.
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Molecular Dynamics Analysis for Deformation Behavior of
Polycrystalline Copper Thin Films

by

Tomoyuki Fuin
(Department of Mechanical Engineering, Shizuoka University, Hamamatsu)

and Yoshiaki AKINIWA
(Department of Mechanical Engineering and Materials Science, Yokohama National University, Yokohama)

Tensile loading simulation of a nano-sized pillar-shaped polycrystalline thin film which has a preferred

orientation in a specific direction was conducted, and effect of grain size on deformation behavior was examined by

the molecular dynamics analysis. The model which was constructed by 2-dimensional Voronoi tessellation

consisting of a columnar aggregate of cubic crystals with fiber texture whose axis was <110>, <100> and <111>

direction perpendicular to the film surface. The uniaxial displacement was applied to the models to obtain the

deformation behavior of thin film. In the stress—strain relationship, the average atomistic stress increases

monotonously with increasing applied strain. After taking a maximum value, the average stress decreases

moderately with applied strain. The 0.2% offset stress increases with decreasing grain size following by Hall-Petch

relation if the grain is larger than15nm. However, the offset stress decreases with decreasing grain size following by

inverse Hall-Petch relation if the grain is smaller thanl15nm. The transgranular strain increases with increasing

applied strain. However, when the stress—strain relationship becomes nonlinear, the transgranular strain decreases

with applied strain.

(Received September 25, 2011)
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Fig.5 Boundary condition of tensile simulation.

Table I Analytical conditions for tensile loading.

Potential Effective medium theory

Difference equation | velocity-Verlet, Az = 4.0 fs

Temperature 300 K
Applied strain Ae=0.002 per 2000A¢
Model size, nm 60 X60 X1.5
Total atom number About 500,000
Preferred orientation | <1 1 0>

(Thickness direction)| <1 0 0>, <1 1 1>, Random
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Fig.11 Relationship between 0.2% offset stress and grain
size of <110> preferred orientation.

Fig.12 Deformation behavior of grain and grain
boundary.
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Fig.14 Effect of grain size on deformation resistance.
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Fig.16 Effect of fiber orientation on 0.5% offset stress.
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Foaming Process and Mechanical and Optical Characteristics of
Surface Layer-foamed Plastics

Minoru SHIMBO,
(Materials System Research Lab., Kanazawa Institute of Technology, Hakusan)

Tomohiro HORI
(AISIN SEIKI Co. Ltd. Kariya)

and Akihiro MisaAwa
(Mechanical Engineering, Kanagawa Institute of Technology, Atsugi)

In this study, various foaming conditions for a surface layer foaming process by means of a batch type forming

process were examined, where saturation times and saturation temperatures of surface layer-foamed plastics thus

formed were measured. While, the change of inner structures (cell sizes and foaming depth) with respect to

saturation times and saturation temperatures observed. Thus, investigations were made as to the effect of these

factors on the inner structures, as well as impact absorption characteristics of surface layer-foamed plastics and their

light diffusion characteristics. As a result, following matters were clarified. The forming process of surface layer—

foamed plastics has been established, where foaming depth and cell diameter are controllable. The knowledge on the

effectiveness in impact absorption characteristics and optical characteristics of surface layer-foamed plastics were

obtained.

(Received September 30, 2011)
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Table I Foaming conditions of PS and PC.

Materials PS | PC
Sample size [mm] 50 X50 X2
Saturation pressure [MPa] 20

Saturation temperature [‘(C]| 90 95 100

110 140 145 150 155 160

Saturation time [min] 135 | 185 | 135 135 | 135 | L35 | 135 | 135 | 135

Materials PS | PC

Sample size [mm] 50x50%2

Saturation pressure [MPa] 20

Saturation temperature [C] 1 3 5 1 3 5

Satapatlon thine [jain] 90,95,100, | 90,95,100, | 90,95,100, |140,145,150,|140,145,150,| 140,145,150,
105,110 105,110 105,110 155,160 155,160 155,160

Cell size:— £ m

Depth of foaming layer:
—~ M lﬂ[m

Plastics

~ glanf]|
(a) Both surface layer foam

Cell size:— £ m

Depth of foaming layer:
~ pml m

Plastics

(b) Single surface layer foam

Fig.1 Surface layer plastics.
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Fig.2 Batch foaming process and foaming method.
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Batch Alummum base

Batch Aluminum base

Fig.3 Foaming method of molds foamed surface layer ,
(a) Both surface layer, (b) One surface layer.
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Fig4 Method of impact test.
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Foaming magnification
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Foaming temperature [°C]

Fig.6 Relationship between foaming magnification and,
foaming temperature, saturation time of foamed PS.
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Foaming temperature [‘C]

Fig.7 Relationship between foaming magnification and
foaming temperature, saturation time of foamed PC.
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Fig.8 Relationship between cell size, depth of foaming
layer and saturation time of foamed PS.
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Fig.9 Relationship between cell size, depth of foaming layer
and foaming temperature of various foamed PS.
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Fig.10 Relationship between cell size, depth of foaming
layer and saturation time of foamed PC.
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Fig.11 Relationship between cell size, depth of foaming
Layer and foaming temperature of foamed PC.
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Fig.12 Relationship between absorption energy and depth
of foaming layer, cell size of foamed PS.
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Fig.13 Relationship between absorption energy and depth
of foaming layer, cell size of foamed PC.
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Fig.14 Mechanism of thickness of foaming layer of foamed
plastics on impact strength.
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Fig.15 Relationship between brightness and depth of
foaming layer, cell size of foamed PS.
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Fig.16 Relationship between brightness and depth of
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