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Abstract

A sandwich element is a special Hybrid strcutural form of the composite constrcution, which is consisted
of three main parts : thin, stiff and relatively high density faces separated by a thick, light, and weaker

core material.
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1A, el Hed

In a sandwich construction, the shear deformation of the faces. Therefore, in the calculation of the

bending stiffness, the shear effect should be included. In this paper, the minimum weight is selected

as an object function, as the weight critical structures are usually composed of these kind of construction.

To obtain the minimum weight of sandwich panel, the principle of minimum potential energy is used

and as for the design constraints, the allowable bending stress of face material, the allowable shear stress

of core material, the allowable value of panel deflection and the wrinkling stress of faces are adopted,

as well as the different boundary conditions.

For the engineering purpose of sandwich panel design, the results are tabulated, which are calculated

by using the nonlinear optimization technique SUMT.
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Table 13 Table 20 2 24X & Jelyido}

Table 1 Mechanical properies of face

materials  |ALLBEN E; density 7
(kg/em?)| (kg/em?) | (g/cm®)
Graphite 7734.100 {1406200.000 1.5400 | 0.1000

Unidirectional

E-glass Woven | 884.0000 | 183600.000| 2.6000 | 0.1300
Roving |

* * ALLBEN . Allowahle bending stress

E; . Moduli of elasticity in the faces

vi - Poisson's ratio in the faces

Table 2 Mechanical properties of core

materials |ALLSHE| E. density | e Ge
(kg/em®) | (kg/em?) | (g/em®) (kg/cm?)
Poly Vinyl Chloridd 3.8670 | 208.822{ 0.0657 (0.1 94919
Polystyrene | 1.0550 | 104.829 0.0417 (0.1414] 45.702
lDiVinycell(HlOO) 5.0860 |1008.526] 0.1000 [0.10000458.421
* % ALLSHE : Allowable shear stress

E. : Moduli of elasticity in the core

G, . Shear moduli in the core

v, - Poisson’s ration in the core

Transactions of SNAK, Vol. 29, No. 2, May 1992



1A 2 A ¥ Sandwich Panelel 2 4dA0] #3 A
3. Sandwich Panel®| 34 o|&

317} ¥

£ dFdMe o 2 7148 3k

D face9} core® e ehysic)

2) RE HYx Y HPL o)

3) face$} corer= FWAdolW, corets faceol ®jdtd %}
Ao 2 FPL Ave gdshl 9 o4 ofaim
2 A5 A4 Mol YA  antiplane
coreZ Fhe},
face= thin face(t/c=1/70~1/100) 0] L, 4l =
Aol gjd F8 FPL FAg
A7) A, t+= face®) FHAo]lI o cored FAol},
5 F¥o] dojute F¢F middle planed] EoE2

vk

~

4

3.2 #HYe HET

% 18 zx-HHel ¥ sandwich panel?l ©E&
el iz, Aol dHE oM A olFRE
wi AA'9) 3ol F Aotk AR 2RE A 0 E
goljz deole] BHE HE Fo BEoR o Fsta A
B+ o o4 fde 2¥&H £ A8 & gk
x- el g BEY #ige

u=—-z')»'gx— (3-1)

FAE oz yoidel ohE BYS MHe

v—~2‘p‘éy— (3-2)
a7\ Ast p= paneld] facest core2l FAN th@
FAugR Agel B4 maze Fol facedd
core?] MBEARNG FA7 et Aaey ASE
Aoz olofd v &S Uehle T Folrh
a8y, v, wel BRI A x yoll hete] SHHoZ
HEE 4 Uk ol WEEE &H o] I

ow

=M — - (33)
€x Ix z° A axz
_ou _ . &W (3-4)
"7 oy PH gy
ov du o*w
=9V L (A0 .
= o Ty z* Aty oy (3-5)

KSR RR IR H20% 2 19924 55

117

Fig. 1 Section of deflected sandwich panel in zx-plane
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Table 3 Input data

alcm) | b{em) |w(kg/cm?) |mn(mode) | ALLY(cm)
230,460,690 230 0.255 23,23 2.3
* % ALLY ! allowable deflection

Table 4 Results of optimum value(Face 7|&)
C O R E

P. V. C D. V. C
Edge| A/B |FACE| t(cm) | c(cm) [Weight] t(cm) | c(cm) [Weight|
1.0 | G.U |0.072] 7.152| 6.901/0.069| 4.810; 6.928
E.G {0.118|11.766{13.848 0.103 (10.252/15.585
S-F| 20| GU |0.106 10.588‘10.218 0.101} 7.027]10.122
E.G 10.173117.248{20.301| 0.150 {14.945[22.730)
3.0 | G.U |0.114 {11.433111.033/ 0.103 | 7.834|11.005|
E.G {0.187 (18.672121.977 0.163 [16.247/24.696|
1.0 | G.U j0.072| 7.152| 6.902/0.069 | 4.810 6.928
E.G |0.11811.766/13.848| 0.103 10.252{15.585|
F-S| 20 | GU [0.097| 9.712 9.372;0.087 | 6.103| 8.790)
E.G |0.153|15.266{17.796| 0.129 {12.887|19.588|
3.0 | G.U {0.102[10.166{ 9.811|0.090( 6.317| 9.097
E.G [0.158 [15.846{18.651| 0.151 {12.53120.388|
1.0 | G.U 10.065| 6.513( 6.285{0.061|4.253| 6.125
E.G [0.105[10.483]12.338/ 0.090 | 9.032 113.729|
F-F| 20 | GU |0.094 ] 9.367 9.040{0.083| 5.834| 8.404
E.G |0.146 (14.61717.204] 0.123 |12.311]18.713
3.0 | G.U [0.100(10.031| 9.680]0.088 ( 6.252) 8.961
E.G |0.156 |15.507|18.369] 0.131 [13.117119.938|
* %k gl X5 ekl "ol b YEWES o
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Table 5 Results of optimum value(CORE 7|%)

F A C E |
G -u | E -G |
A/B [EDGE [COREt(cm) e (cm) [Weightlt (cm)c(cm ) [Weight
S-F|PV.C o_o7zr.152 6.901 o.nﬂn.?ﬁﬁla.&zs

D.V.C|0.069| 4.810|6.928 | 0,103 10.252/15.585)
F-S [P.V.C|0.072| 7.152]6.901 Jo.us 12.766/13.84

1.0

D.V.C|0.069) 4810 6.928) 0,103 10.25215,58
F-F [PV.c|0.065|6.513]6.285] 0,105 [10.48312.33¢
D.V.C|0.061|4.253|6.125{0.090 | 9.03201372
S-F |P.V.C|0.106]10.58810.218] 0.173[17.24820.301
D.V.C|0.101 | 7.02710.1220.150 [14.94522.730

F-8 |P.V.C|0.097|9.712]9.372 | 0.153 |15.266{17.796
D.V.C|0.087 | 6.103|8.790 | 0.129 12.88719.588
F-F |P.V.C|0.094 | 9.367 | 9.040 | 0.146 |14.617]17.204
D.V.C|0.083|5.834 | 8404 |0.123 |12.311{18.713
S-F |P.V.C10.114 [11.433{11.033} 0.187 {18.672121.977|
D.V.C{0.103 | 7.834{11.005) 0.163 [16.247/24.696

F-5 |P.V.C{0.102{10.166{ 9.811 | 0.158 |15.846{18.651
D.V.C{0.090| 6.317,9.097 {0.151 112.531120.388
F-F |P.V.C[0.100(10.031/ 9.680 | 0.156 |15.507(18.369
| D.V.C|0.088| 6.252/8.961{0.131 13.11719.938l

1.0

3.0

2 e 49748 R AAG

o ASET FF L vEe] A

= o8} Aeo) whyA st
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Table 6 Results of optimum value(asb)
a/b | Weight ( Refative { Weight | Relative
{kg/m? | Weight | (kg/m?) Weight_‘
GU.{ 20} 10218 1.48 10.122 1.46
3.0 ) 11.033 1.60 11.005 1.59
1.0} 13.848 1.00 15.585 1.00
EG. )20 ] 20301 1.47 22.730 146
r 10] 6902 | 100 | 6928 | 100
GU.| 20| 9372 1.36 8.790 1.27

C 0 R E
pv.c. [ pvc
(dge Face
10] 6901 | 100 | 6928 ) 1.00
S-F N
30| 21977 | 159 | 24696 | 159
30| 9811 | 142 | 9097 | 131 J

£s 10 | 13848 | 100 | 15585 | 100
EG. 20| 17796 | 129 | 19588 | 126

30| 18651 | 135 | 20388 | 13

10| 6285 | 100 | 6125 | 100

GU.l 20| 9040 | 144 | 8404 | 137

30| 9680 | 154 | 8961 | 146

FF 10 | 12338 | 100 | 13729 | 1.00
EG.| 20| 17204 | 139 | 18713 | 136

| 30| 18369 | 149 | 19938 | 145 |
* P.V.C. . Poly Vinyl Chloride

D.V.C. . Divinycell

G.U. ! Graphite Unidirectional

E.G. . E-Glass Woven Roving
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