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Fabrication of Metallic Sandwich Plates with Inner Dimpled Shell Structure and
Static Bending Test

Dae-Yong Seong, Chang Gyun Jung, Seok-Joon Yoon, Dong-Yol Yang, Sang-Hoon Lee and
Dong-Gyu Ahn
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Abstract

Metallic sandwich plates with various inner cores have important new features with not only ultra-light
material characteristics and load bearing function but also multifunctional characteristics. Because of
production possibility on the large scale and a good geometric precision, sandwich plates with inner dimpled
shell structure from a single material have advantages as compared with other solid sandwich plates. Inner
dimpled shell structures can be fabricated with press or roll forming process, and then bonded with two face
sheets by multi-point resistance welding or adhesive bonding. Elasto-plastic bending behavior of sandwich
plates have been predicted analytically and measured. The measurements have shown that elastic perfectly
plastic approximation can be conveniently employed with less than 10% error in elastic stiffness, collapse
load, and energy absorption. The dominant collapse modes are face buckling and bonding failure after
yielding. Sandwich plates with inner dimpled shell structure can absorb more energy than other types of
sandwich plates during the bending behavior.
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Inner dimpled shell shructures
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40mm

Fig. 1 Punch and die set to fabricate inner dimpled shell
structure (a) Schematics of sandwich plates with
inner dimpled shell structures (b) Punch and die
set (¢) Top view of punch
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Fig. 2 Piecewise sectional forming process; (a) Initial
specimen (b) 1% forming (c) 2™ forming (d) 3"
forming (¢) Inner dimpled shell structure
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Fig. 3 Multipoint resistance welding process (a)
equipment (b) Welding process

Face sheets

Inner dimpled shell structure

Fig. 4 Reduced thickness of inner structure during the
welding process
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Fig. 5 Thickness deviation (a) inner structures (b) the
sandwich plates
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Table 1 Thickness deviation of inner structures

T | e | | 9
1 2.28 1.32 1.78
2 2.297 1.87 2.08
3 2.314 1.99 1.47
4 2.311 2.98 1.34

Table 2 Thickness deviation of sandwich plates

L e R
1 2.165 0.93 1.57
2 2.185 0.95 0.86
3 2.240 1.44 0.55
4 2.255 1.49 1.36
5 2.250 0.62 0.49
6 2.225 1.02 1.20

()

Fig. 6 Sandwich plates with inner dimpled shell structure
(a) Definition of pattern angle (¢) (b) Specimens
of 3-point bending test (20mm X 160mm)
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Table 3 Dimension of specimens for 3-point bending test

size B L R ¢ : b

2.5 20 160 1.1 0.3 0.3 1.9

22 20 160 1.1 03 0.2 1.6




Y URETE 25 4594 BAY AR 2 34 3Y 99 657

20t h
})y }’lf < (3)
V=N B SEREE FHIATLE, B
BAHZ, WEFESRESY 3 kA Z=d 93
Ren WREEY Gee 27 2as) Qe
=Edge nsA g3 JAsE 1

stk weo) BASA %) FANE Te
| 4)6) 5 BEAF Boh.O

EHAAGE (face sheet yielding)

G- -

EATAFZF (face sheet buckling)

V2 10-vH YR 5
EM n? ) ©

BRI Z0l& (inner dimple failure)

1
v? 96 \2( Rl
—_— — 11 6
(EMJ(l-VZ) {t;} ©

AAS} Table 3 o] E7]€9 A2 AdE A
AA BAE 25 EARATE &) o
A Aoz dadr. 38 9 sFdA EH
A7t FEHE YRIzE 24¥YL a4 He
d stEAg WETEI 248 S A HE A
=9x B 2ARA o3 BHEA @
olrf 4AALA BHIFTS tSFH 2t

L=
=]

=

=
B

gud

>

M (p=0° =0 bt (H~1,)

+{(H——2t,]2 _[H—Zt/ —2ti]2} (72)
2 2
y H-2t -4 %
2 3R
M, (p=45°)=0 bt (H-t,)
. {[H——th ) ~[H—2zf -, ]} (7b)
2 2

H-2t, -1, Y 2bo,
{5

P o=t ®)

ol FHAstTL THUY AA MEHA
A

9EY 245 49X BA} FY BFL B2
W oway §Y A%D Be P ¥7 =g s
st ol 83 #iA} vlwaly] 9Aste] Fig. 7 I ¢
3 ke 2

H4x¢] INSTRON 5583 FXE o]gstgon,
ASTM E270 712 ) wet 270] 254mm ¢ A
29} tholg o] &3t on tho] HZ(span length)
< 120mm & 22 AP AAFAIT A Y
S+at#S Smm/min 2 30mm 7HA] AABIAT A
AR stF-MF Mxet ¢AHA ZFaA oA
(elastic perfectly plastic) 31432 Fig. 8 oA vjm3}
du AFHoz BAF dole: Table 4 ol X7
skt

HEZE 45 9 25mm ME=YH] BA2 H$
% 83 F skFo]l FASH = u
A3 v e 5 F WEFxI aF
S o AR AHBIEe 4L 2F4d. ol -
2= 4509 A9, BE 79 17
A ZHBAZE GE Alo|2 ZEEO7tE FH2 ol
WA ey oEol ).

Fig. 7 Schematic of 3-point bending test
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(d) H=2.2mm, ¢ =45°

Fig. 8 Measured load versus deflection response of
sandwich plates

Table 4 Comparison of measured results from 3-point
bending test with analytically predictions

0 Test |Theory E(ro;)(;r
[mmy | ®
55 0° 1659 | 733 | 10.0
k 45° | 634 | 733 | 135
[kN/m] 5y 0° [ 526 | 548 | 4.01
45° | 484 | 54.8 | 11.7
)5 0° [152.7] 143 | 635
P, 45° (1511 138 | 8.67
N |, 0° [1327] 120 | 9.57
45° [1295] 117 | 9.65
”s 0: 646 | - -
5, 45° [ 400 | - -
[mm] |, o: 679 | - -
45° | 658 - | -
55 0° 10.755| 0.784 | 3.40
e 45° |0.390| 0.421 | 7.36
[Nm] 09 0° |0.677| 0.683 | 0.88
45° 10.623 | 0.645 | 3.41
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Bond Failure

Face Buckling
(b) H=2.5mm, ¢=45"

Face Buckling

Dimple collapse
(¢) H=2.2mm, ¢=0°

'\

Face Buckling
(d) H=2.2mm, ¢ =45°

Fig. 9 Final collapse mode of sandwich plates
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Fig. 10 Bond failure after yielding ( H=2.5mm, ¢=0" )
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(b) Sandwich plates with textile coré

Fig. 11 Sandwich plates with other types inner structures

160 Dimple (H=2.5nm. ?=0")

120
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R 804
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0 T T T T 1
4 8 12 16 - 20
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(a) Comparison with pyramidal truss core
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zZ
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40
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0 v T T v J
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(b) Comparison with textile core

Fig. 12 Comparison of bending response of dimple type
sandwich plates with other types

Table 5 Comparison of deformation energy of dimple
type sandwich plates with other types

€ P, e/W
type | Himm] [W(g) | INm] | [N] | [Nme]
Truss 2.8 19.8 | 0.210 | 94.1 10.6

24 189 | 0.067 | 66.5| 3.54
Textile 2.5 2221 0439 | 133 19.8
2.3 22.5| 0478 | 110 21.2
Dimple 2.5 209 | 0.755 | 143 36.1
2.2 2101 0.677 | 120 32.2
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