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Development of new functional bi-stable composite shells
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During fabrication process of laminated fibrous composites, asymmetric
laminates result in skewed surfaces after curing due to strong anisotropy of each layer, and
composites with specific lay-ups and dimensions show bi-stable states. The present study performs a
multi-objective optimization for the composite shell with bi-stable shapes. Objective functions are
amount of averaged deformation between two stable shapes of shell and critical temperature of
surroundings which is the maximum temperature to keep the bi-stable characteristics. These
properties indicate a trade-off relation each other and are maximized simultaneously by using an
effective multi-objective genetic algorithm method. Shell shapes after curing are predicted by the
thermal deformation analysis based on the Rayleigh-Ritz method. Calculated results agree well with
those from experiments with respect to shell shapes, and the present multi-objective optimization

reveals wide-ranging Pareto optimum solutions.



(Fiber reinforced plastics;

FRP)
[1]
- 1(a)
1(b)
2
(
)
(2]
+6 +6
_ 9 +8
+6 -0
p— _ 6 - R _ 6 -
-6 (R R ) +0
+6 +8
-6 -0
+6 -0
(a) = FHiEfE (b)IE FRTE
1 8 8

RERIK2

2 [0/90/0/90]T

3

4)

5

4,5

Local Fibre Direction

%45°

[4]

[4]



Mattioni [5]
6
Al
A2 2
Xll X2
M attioni 6
0 90
Mattioni
z
4 z
Al, A2
[
2] Rayleigh-Ritz

>
—
Ay: Symmetric part | Ay: Asymmetric part
@) (2)
LX LX
y T y A[
01 X1 02 X2
A A
6
2

Deb NSGA-11[6] Zitzler

SPEA2[7]

SPEA2+

SPEA2
GA
[8]-
SPEA2+
Mating
1
{50 Al

+150 A2 }x150 mm h=
1.1 mm

E| =117 GPa, E2 = 8.07 GPa, Vig =
0.336, G, = 3.44 GPa, a; = 0.296x10° °C", a,

= 38.9x10° °C’! AT =
-110 °C
[15/75]s | [-75/75/60/15]
| Al
A2
UD
2 4
1 3
1 3
UD
90°C
60 130°C 90
7
1
A2 (XZ’ y) =
(75, 0) mm X,y
8
71° C

91° C
20



30

[¢]
il
o 1
v —
b S
£
on
i L nm.vn — OO M A_v
W s o Q
s . [ . <
6 b [ 15 7g) ) E
§3 e £ & S 7
38 — o Qe E ! on
e 3| o e
E g | o
S 2 | . £
t 2 8 N
] ]
xr o J 0 5 <
el . e 2
i L
[T —
<
~N
-l'-l
L
4adws,
o 8 (2;) @ame.
N
(@\l
7~
-
N
£ E N
“ s
y 3 . & £ s
£ i - -
i
P -
= e <
— e
‘.:::..
:::.:.. P
i :
___\.....:: ¢
i
..... i AR
it (odias 2
_““g..ﬂ.,‘.........,..._.,..... 5
f ,_3::::.:: 3
. ::::.:::: E
._.::..:::: / s
5 :::::::: o
“‘._..,‘.‘_,...,”..,.“.“.“....n.., 7oz
..:_:.‘.::: : °
Akl
S

o =
S 2
? 9

dsig
i=0E|
s

4

EmEmUm_n_w_D
L
4




>
[1] H. Fukunaga, et. al. Journal of sound
and vibration, Vol. 171 (1995), pp. 219-229
[2] C. G. Diaconu et. al., Thin-walled structures,
Vol. 46 (2008), pp. 689-701.
[3] A. S. Paneasar, et. al., Composites: Part A,
Vol. 43 (2012), pp. 926-934.
[4] C. S. Lopes, et. al., Composite Structures,
Vol. 86 (2007), pp. 897-907.
[5] F. Mattioni, , et. al., International Journal of
Solids and Structures, Vol. 46 (2009), pp.
151-164.
[6] K. Deb, K.et. al., KanGAL report 200001,
Indian Institute of Technology, Kanpur, India
(2000).
[7] E. Zitzler, et. al., Technical Report 103,
Computer Engineering and Communication
Networks Lab (TLK), Swiss Federal Institute of
Technology (ETH), Zurich (2001).
[8] Hiroyasu, T., et. al., IEEE congress on
evolutionary computation, Edinburgh, Scotland,
Vol. 1 (2005), pp. 236-242.

2
S. Honda, Y. Narita, Vibration analysis
and optimization of sandwich composite
with curvilinear fibers, Journal of
Physics: Conference Series, Vol. 744, No.
1,2016. [DOL:
10.1088/1742-6596/744/1/012020]

824 (2015),
http://doi.org/10.1299/transjsme. 14-0053
1

16
17
S12016
2016.12.15
USB
102-1 Keynote Lecture.

Vol. 81, No.

10

11

17

S12016 2016.12.15
USB
102-3
o Dynamics &
Design Conference 2016, 2016.8.26,
, USB (No.
157, 8.26).
, 58

2016.8.3, No. 1A03.
Kazutoshi Tamai, Shinya Honda, Yoshihiro
Narita, “Vibration characteristics of
laminated composites with curvilinear
reinforcing fibers by using tailored fiber
placement machine”, Proceedings of 17th
US-Japan Conference on Composite
Material (US-Japan 2016), Hokkaido
Univ., Sapporo, Japan, August 2, 2016,
USB No. 62.
Shinya HONDA, “Multi-objective
optimization of laminated composite
fabricated by tailored fiber placement
machine”, Proceedings of 17th US-Japan
Conference on Composite Material
(US-Japan 2016), Hokkaido Univ.,
Sapporo, Japan, August 2, 2016, USB No.
K3, Keynotelecture.
S. Honda, T. Kumagai, Y. Narita, Vibration
optimization of composite sandwich plate
with soft core by using refined zigzag
theory, Proceedings of the 16th Asian
Pacific Vibration Conference (APVC2015),
November 24, 2015, Hanoi University of
Science and Technology, Hanoi, Vietnam
(USB).
F. Nishioka, S. Honda, Y. Narita, Vibration
analysis and stacking sequence optimization
of laminated rectangular plate with blended
layers, Proceedings of the 16th Asian
Pacific Vibration Conference (APVC2015),
November 24, 2015, Hanoi University of
Science and Technology, Hanoi, Vietnam
(USB).

Cl-12,
2015.9.18

. )

2015
J1010202, 2015.9.16.
) , Ritz




12

13

14

15

16

Blended layer
2015

J1010304, 2015.9.16.

, Dynamics & Design

Conference 2015,2015.8.28,
, USB (No. 107, 8.25).

Kumagai, T., Honda, S. and Narita, Y.,
Vibration Analysis of the Passive
Constrained Layer Damping Plate by using
Zigzag Theory, Proceedings of the 9th
Asian-Asutralasian Conference on
Composite Materials (ACCM9), Suzhou,
China, October 15, 2014, CD-ROM,
ACCM9-T-003.

( ), ( ),
() CFRP
39
2014.9.18,

Al-13 pp.31-32

Blended layer
Dynamics &
Design Conference 2014, 2014.8.29,
, USB (No. 338, 8.27).

Dynamics & Design
Conference 2014, 2014.8.29,
, USB (No. 341, 8.27).

HP

http://labs.eng.hokudai.ac. jp/labo/int

elligent design/

€Y

@

HONDA Shinya

90548190

NARITA Yoshihiro



