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Fig.1 Composite structure with microscopic structures
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Fig.2 Macroscopic structure (Global structure)
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Fig.3 Microscopic structure (unit cell)

Ui = (X, y): UiO(X1 y)+elil(x, y) Y =£

w(y)

B N\ % t_.) i Y Y
Jim Qe NE 7 QY Wdvaw

I o
(\)?M (y)g D, 1O gy = (‘)?V'—Mg DijdY
: Yi ¢

1.2 Tcp O
Diji (X):—|Q§Diikl - Dijpm T Pdy
m g
€ s €

(3]



Nt
Mo— 3 K
C, =a Na(x,h,\&cap
a=1
&
ym = a Na(X’h’\oyam
a=l
N, N,
Na(x’h! & .n =
x=(10) (11 (1)
221
ki Nt
ﬂCp - ﬂNaCkl—Bc
B ap ~ Py~e
ﬂym a=l 1Tym DH ~
Co = (cel, Cl o ceN‘)'
— 1 2 Nt
By - (By yBy youny By )
11 22 33 23 31 12 =
gbil Gy Ci (o c, c, 0 221
- 11 22 33 23 31 12 .
¢ =¢c,” c¢,? c,® ¢, ¢, c, :
éCiSll Ci322 Cia Cis Ci331 CIBlZE g
e=1
Ny o0
¢y, +
go T ool
[+ ﬂyZ =
¢o o M-
B, :g Tys _
ol INGAN
& s Ty, ©
N NS
¢Tys Ty, +
CN, N
gﬂyz Ty, o
&y . -
a Q By DByc.dY. = @ OBy DdY,
el ¢ e=1 '€
- v
a () B,/DB,cfd,[dX=a ) B,'DJ,|dX
el 7° es1 °
ue
Kyc =F,
gy
— PO t
Ky =a (DB DB, Cefd |dxdhav
e=1

Ny
Fy = é. C‘Q‘fﬁytD|3y|d)dth
e=1

Ny
[*]
c=ac.
e=1
unit cell Jy Jacobi
X
19 .
Ma D- DByceXJy|dxdth
e=1

& 8¢
B, D"Buldw, =g b"+q t"

¢ e=1 e=1
Nx
By
ug
bh
th
€ o
€ E £

=u’- eBu® =u’- ece’

€%j = B,u’ - Byc:Bxu0 = (| N Byc)eo

s% =D( - B,c)Bu =D(l - B,c)e’



Fortran77
[4]
[5]

[6]

Fig.4 5 layered Cushioning material made
of corrugated fibreboards

A

Load 30kgf

Cushioning material

Fig.5 Load condition of cushioning materia
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Tablel Material constants of fibreboards
(kgf/mm?) (mm)
189.28 0.06 0.21
86.30 0.03 0.25

Table2 Specification of finite element model of unit cell
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Fig.6 Finite element model of aflute



Table3 Each position of calculated unit cells

Name of unit cell Position
X Y z
Unit cell 1 86 200 87 ol
Unit cell 2 34.4 20.0 8.7 iy,
Unit cell 3 68.8 20.0 8.7 _ e
Unit cell 4 344 | 200 | 1305 o ol
Unit cell 5 34.4 20.0 4.35 s

Fig.9 Deformation of unit cell 1
Tabled Specification of finite element model and

boundary conditions of global structure
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Fig.11 Deformation of unit cell 3
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Fig.7 Finite element model of global structure L
Fig.12 Deformation of unit cell 4
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Fig.8 Deformation of global structure
(x 50, the following figures are same magnification) Fig.13 Deformation of unit cell 5



Table5 Homogenized elastic constants of corrugated fibreboard

Dun 190.74 86.46 120.52
D11z 12.18 2.67 7.23
Dotz 89.28 41.89 63.76
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