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ABSTRACT

Investigation into static characteristics of ISB panels with
ultra—light weight and high stiffness

Lee, Sang—Hoon
Advisor : Prof. Ahn, Dong—Gyu, Ph. D.
Dept. of Mechanical Engineering

Graduate School of Chosun University

Recently, various research works of ultra—light weight structured materials
with a type of sandwich panel are actively in progress to improve the
efficiency of energy and the safety for transport vehicles. The sandwich panel
is produced by joining metallic cores with three—dimensional inner structures,
such as a honeycomb, a kagome structure, a woven metal, etc, to metallic skin
sheets with welding and adhesion. Because the sandwich panel has a large
empty area in the core, the panel has a light weight in comparison with the
solid material with an equivalent volume. In addition, the strength, the
stiffness and the crash worthiness of the sandwich panel are highly improved
by the inner structures. Hence, several types of sandwich panel have been
developed. However, the previously developed sandwich panel has hardly
applied to automotive industries due to the heavy thickness, which is greater

than several centimeters, and an expensive manufacturing cost.



In order to overcome the disadvantages of the sandwich panel, inner
structured and bonded panel with three—dimensional inner structures(ISB
panel) has been developed.

The objective of this research work is to investigate into static

characteristics of ISB panels with ultra—light weight and high stiffness.

In order to investigate mechanical properties and deformation
characteristics and of ISB panel with a pyramidal inner structure and skin
sheet for the case of a tensile load, several tensile tests have been carried
out. From the results of the experiments, the stress—strain curve and the
mechanical properties of the ISB panel and the skin sheet have been
obtained. In addition, the mechanical properties of the ISB panel have been
compared with those of the skin sheet by the view point of a specific

modulus, a specific yield strength and a specific strength.

In order to examine characteristics of material deformation and failure
three—points bending test has been performed. In the three—points bending
test, the expanded metal with a pyramidal shape and woven metal are
employed as an internally structured material. Through the three—points
bending test, the influence of design parameters for ISB panel on the specific
stiffness, the failure mode and the failure map has been found. In addition, it
has been shown that ISB panel with expanded metal is prefer to that with

woven metal from the view point of optimal design for ISB panel.

In order to evaluate the influence of the crimping angle on the load and



stress distribution in the ISB panel with a pyramidal inner shape,
three—dimensional elasto—plastic finite element analysis has been performed
using a commercial code ABAQUS. The results of the analysis showed a good
agreement with those of experiments. From the results of the‘ analysis for the
case of a uni—axial tension, it has been shown that the load and stress shared
by the skin sheet are increased when the crimping angle is decreased.
Through the results of the analysis for the case of three—points bending, it
has been shown that the load and stress shared by the inner structures are
increased when the crimping angle is decreased. In addition, the local strain
distribution and deformation characteristics in the vicinity of the center
depression area for the case of three points bending and the center area

for the case of the uni—axial tension.

Based on the above results, it has been shown that the ISB panel has an
excellent mechanical properties in terms of a specific stiffness and a
specific strength. In addition, it has been shown that ISB panel with a
pyramidal inner structure can be optimally designed by the control of the
crimping angle for the pyramidal structure in terms of mechanical properties

and failure characteristics.
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Fig. 1 Examples of sandwich plate with truss cores and metallic foam
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Table 1 Results of tensile tests

Material E Oy oT
€ max
Direction (GPa) (MPa) (MPa)
0° 110.1 596 772 0.017
90° 57.9 360 744 0.072
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Table 2 Results of tensile tests for stainless steel

Material E Oy oT

Direction (GPa) Y (MPa) (MPa) ® max
0° 186 0.27 301 686 0.72
45° 171 0.28 271 667 0.77
90° 182 0.28 277 678 0.80
Avg. 179.6 | 0.28 283 677 0.76




Table 3 Specific modulus, specific yield strength and specific

strength of the stainless steel

ﬂE,st asy, st ast, st
(10°m) (10%m) (10%m)
2.47 3.61 8.63

o(MPa)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
&y

Fig. 8 Stress—strain relationship of stainless steel for each material

direction
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Table 4 Results of tensile tests for ISB panels

Crimping
E Oy oT
angle v € max
(GPa) (MPa) (MPa)
(6)
90° 187 0.25 252 633 0.37
120° 183 0.26 269 648 0.49
150° 182 0.26 277 659 0.53
800
700
600 T L
* 500 6=90Y MX
g 400
® 300
200
100 0 =150° —
o1t|1la:kllilxilttt(llll11111:1l
0 0.1 0.2 0.3 0.4 0.5 0.6
&y
Fig. 11 Influesce of the crimping angle on stress—strain curve
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Table 5 Specific modulus, specific yield strength and specific strength

of ISB panels

Crimping
O 1SB BEISB Qs 1SB Qg [SB
angle 5 6 \
(9 (kg/m®) (10°m) (10%m) (103m)
90° 1,960.2 9.7 13.1 32.95
120° 2,376.2 7.9 11.6 27.82
150° 3,480.3 5.3 10.9 19.32
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Fig. 12 Influence of the crimpling angle on the specific modulus
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Fig. 13 Influence of the crimpling angle on the specific strength
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Fig. 15 Fracture characteristics of the ISB panel according to the

crimping angle
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Fig. 16 Design parameters of specimen for ISB panel with expanded metal



Table 6 Dimension of design parameters for specimens for the

~ case of ISB panel with a expanded metal

Crimping
L W t C misB
angle
(mm) (mm) (mm) (mm) (g)
(6)
20 2.77 2.17 17.5
160
30 2.82 2.22 26.0
90°
20 2.80 2.20 23.0
200
30 2.85 2.25 33.0
20 2.37 1.77 17.5
160 g
30 2.42 1.82 26.5
120°
20 2.35 1.75 25.0
200
30 2.30 1.70 32.0
20 1.61 1.01 17.5
160
30 1.62 1.02 25.5
150°
20 1.58 0.98 25.0
200
30 1.56 0.98 32.0
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Fig. 17 Design parameters of specimen for ISB panel with a woven metal



Table 7 Dimension of design parameters for specimens for the

case of ISB panel with a woven metal

Material
L \'" t C miss
Direction
(mm) (mm) (mm) (mm) (g)
(@)
20 2.26 1.71 22.5
160
30 2.30 1.70 33.0
o
20 2.25 1.65 29.0
200
30 2.27 1.67 41.0
20 2.31 1.66 22.5
160
| 30 2.25 1.65 32.5
90°
20 2.28 1.68 29.0
200
30 2.25 1.65 41.5
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Fig. 19 P— 8 curve according to crimping angle (L=160mm, W=20mm)

P(kN)

0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

L L L L L e

] 5 10 15 20 25
8(mm)

Fig. 20 P— 8 curve according to crimping angle (L=200mm, W=30mm)



Table 8 Results of three—points bending tests for the case of ISB
panel with a expanded metal

Crimping
L W Pmax 0« Pw
angle , Or
(0) (mm) (mm) (kN) (mm) | (kN/m)
20 0.09 1.48 4.40 0.25
160 )
30 0.13 1.54 4.30 0.24
90°
20 0.09 2.98 4.35 0.25
200 :
30 0.14 2.38 4.70 0.24
20 0.07 2.20 3.90 0.29
160
30 0.11 2.15 3.70 0.28
120°
20 0.06 3.20 3.00 0.32
200
30 0.10 3.44 3.16 0.30
20 0.05 3.01 2.40 0.42
160
30 0.07 2.76 2.33 0.41
150°
20 0.04 4.21 2.00 0.48
200
30 0.06 4.25 1.90 0.42
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Fig. 23 Relationship between crimping angle and specific stiffness per

unit width of ISB panel (equivalant volume)
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Fig. 24 Failure mode of ISB panel with the crimped pyramidal expanded

metal
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Fig. 25 Failure map of ISB panel with the crimped pyramidal expanded

metal
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Table 9 Results of three—points bending tests for the case of ISB
panel with a woven metal

Material
L W Prax 0« Py
Direction Or
(mm) | (mm) (kN) (mm) | (kN/m)
(D)
20 0.11 6.04 5.50 0.39
160
30 0.16 5.70 5.33 0.37
0°
20 0.09 7.92 450 | 0.41
200
30 0.13 7.71 4.47 0.38
20 0.13 4.50 6.65 0.38
160
30 0.19 4.04 6.53 0.37
90°
20 0.10 9.54 5.05 0.40
200
30 0.15 8.74 4.87 0.38
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Fig. 28 Relationship between material direction and specific stiffness of

ISB panel with the woven metal (P—§& curve)
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Fig. 29 Relationship between material direction an specific stiffness per

unit width of ISB panel with the woven metal (P— & curve)
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Table 10 Number of nodes and elements (analysis of tensile tests)

Crimping
Nodes Elements
angle
(EA) (EA)
(6)
90° 12,830 35,268
120° 13,397 36,314
150° 14,169 43,654
Tension
X-Symmetry direction
Z-Symmetry
Tetrahedral Solid Mesh

Fig. 33 Boundary conditions of FE analysis for the case of a uni—axial

tension



Stainless steel

400
S o0 N[ csPiN
P SR
0 0.2 0.4 0.6 0.8
gnom

Fig. 34 Sress—strain curves of stainless steel and CSP 1N sheet

a.true: Enom(1+énom) (12)

étrue: ln(1+énom) (13)

Table 11 Material properties of stainless steel and CSP 1N sheet

Stainless Steel CSP 1IN
E (GPa) 180 176
v 0.27 0.32
oy 283 144
oT 667 302
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Fig. 39 Comparison of the results of FE analysis and those of tensile

tests
4.2 I1SB ¥d9] 33 wdol dig Fdas 34

4.2.1 CAD E9¥ 4 {324 AR A

Fos 4ol g8 33 FY AW 2dYS AR 3PS sl
AA AAFAY 1/4 A7 St 2dEe 9% ARFEES ASTM
E290-87°%, KSB 0803*¥e] 2A3slo] AA/A|% stk CAD 229 CATIA
V5 A2Eg olgagen, YA Ask A Ax AL 3

AR Al FAsHA AT AEe FAE 90° = 2.8 mm , 120° =

Ol

2.4 mm, 150° = 1.5mm 2 4 =t} Fig. 40 & 33 FIAE #3ta L 3



A& 4% ISB #d9] mdolrt.

L =160 mm

W= 20 mml

L=80 mm

|
| S
Lw-_-m mm

71 t=2.8mm

8 =120° AVAVAVAVAVAVAVAVAVAVAY NN YR 3 1]

8 =150° crerererTrererereresey T (=L mm

feasa 2aS AA AlA 3719 1/4 o]7] Wi Fig. 41 3 o] X%
A 2z i 21E Fo skglvh "xl/oeol ek AlE e A=

2dgsgion, ZAZ 7HYsgich ISB #d9 #3 S A% 2
2

9 2t} ISB W9 FHeAAAE AFAA T FY



Table 12 Number of nodes and elements (analysis of three points
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Fig. 41 Boundary condition for FE analysis for the case of three—points
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