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A Study on Crushing Characteristic of Hatted Section Tube
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ABSTRACT

In the frontal collision of cars, front parts of cars such as engine rail and side members that are composed of
hatted section tubes should absorb most of the collision energy for the passenger compartment not to be de-
formed. For these reasons the study on the collapse characteristics, maximum crushing load and energy ab-
sorption capacity of hatted section tubes are needed. In this study, top hatted section tubes and double hatted
section tubes are investigated. The maximum crushing load of hatted section tubes is induced from plastic
buckling stress of plates by considering that the hatted section tubes are composed of plates with each different
boundary conditions and that its material has a strain hardening effect. On this concept maximum crushing load
equations of hatted section tubes are derived and verified by experiments. From the results of experiment, the
differences of collapse characteristics between top hatted section tube and double hatted section tube are ana-
lyzed. And mean crushing loads of hatted section tubes from experiments are compared with other theory.

F97)%80] : Top-hatted section(t+% %22}%), Double-hatted section(©] %% 2}4), Maximum crushing
load(# ¢} 314, Plastic buckling stress(2:Al ##-<#), Mean crushing load(¥ 7 ¢t

%)
Nomenclature e normal strain

E(E.E;) : young's modulus(secant, tangent) 7 plasticity reduction factor
Procs Pyey, | maximum, mean crushing load Yy VsV poisson's ratio(elastic, plastic)
e - normalized strain a . secant yield strength
k . elastic buckling coefficient of a rec- Ocr : critical stress, buckling stress

tangular plate 6,0, © Yyield, ultimate strength
my. n : constant for inelastic modulus G . maximum crushing strength
s : normalized stress o © mean crushing strength
¢ : thickness of hatted section tube
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Table 1 Compressive buckling coefficients for long plate
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Table 2 Plasticity reduction factor with various boundary

conditions
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Fig | Determination of secant yield strength, ¢,
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A7 E A (secant modulus)
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Fig. 2 Section of single hat type tube specimen
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Fig. 3 Section of double hat type tube specimen
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Fig. 4 Panel element of single hat type member
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Fig. 7 The Plastic buckling stress to thickness to width
ratio for plate(E=18326kef, 5,=19.17kgf/mm’, s,
=31.1 kgf/mm’, m,=0.01, »=7.5)

Table 4 Critical stress and load of plate to various bound-
ary condition

b | o (khffmm?)
W 15.54 932.40
1A 0.020 14.23 1024.56
Fig. 6 Photograph of a symmetric and antisymmetric 0.240 27.30 655.20
buckling mode of double hatted section tube 0.120 22,53 1081.44
Table 3 Dimensions of hatted type specimens CL-SS 25 | 0.048 2146 643.80
Spf}c]:)r:en a(mm) b(mm)[t(mm) fimm)| {(mm) | A(mm’) — 0 TO'MO 2033 1 P88
SH50-10 | S0 | 50 | 1.2 | 10 s 250 | 288 Table 5 Maximum load of each specimen and the process
| SHS5020 | SO | S0 | 12 | 20 | 250 | 336 Specimen Process Pras(kef) !
SH 60-10 | 60 60 T 1.2 10 | 250 336 SH 56-10 4X932.4+2 X 655.2 5040.0 ’
DH 50-10 | 50 50 1.2 10 l 250 288 ] SH 50-20 4x932.4+2 X 1081.44 5892.5 ‘
DH 50-20 336 SH 60-10 4X1024.56+2X 655.2 | 5408.6 ‘
DH 60-10 336 DH 50-10| 2Xx932.4+2 X 655.2+4 X 643.8 5750.4 '
DH 50-201 2X932.4+2 < 1081.44+4 X 643.8 1 6602.9 l
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Fig. 8 Maximum load, Py, versus flange length, £, for 50
X 50 type

Table 6 Comparison of maximum load of hat type members

Specimen| ° b tT f Prokel) ~Dev ("/ﬂ

pectm (mm){{mm) (mm)~(mm) Exp. ¢
I ~

50 | 50 | 1.2 10 | 4931 | 5040.0 | -2.16

50 [ 50 | 1.2 ] 10 | 5200 50400 3.17

SH50-10 50 | 50 | 1.2 | 10 | 4791 | 5040.0 | -4.94

50 150 [ 121 10 | 5204 | 50400 | 5.4

50 | 50 [ .21 10 | 5097 | 5040.0 113

| 50150 | 1.2]20 ] 5950 |5892.5 0.98
| ]

\‘ 50 150 t.2]20 ] 5775 (58925 -1.99

SH50-20[ 50 SOJ 1.2 | 20 | 5594 | 5892.5| -5.07

| 150 |50 [ 1.2 20 | 5803 58925 | -1.52
| 150 | 50 | 1.2 20 | 5747 [ 58925 | 247
] 60 | 60 | 12| 10 | 5453 |5408.6| 0.82
| 60 | 60 | 12| 10 | 5265 | 5408.6 | -2.66 |
SH60-10 60 | 5409 | 5408.6 | 0.
160 | 60 | 1.2 | 5335 | 5408.6 | -1.36
60 | 60 | 12| 20 | 5506 | 5408.6 | 1.80
© 15050 12120 | 5759 | 57504 0.15
50 | 50 | 121 20 | 5647 | 57504 | -1.80
IDH50-10 Beacl LA
= 50 | 50 [ 1.2] 10 | 5541 | 5750.4 | -3.64
150 | 50 [ 1.2] 10 | 5484 | 57504 | -4.63

B

50 | 50 6659 | 6602.9 | 0.85
50 | 50 6531 1 6602.9 | -1.09
50

1.2 20
50 1220 | 6163 66029 | -6.66
Lo | el
1220

50 | 50 6194 | 6602.9 | -6.19

60 | 60 | 12 10 | 5884 |6287.0 | -6.41
1210
12] 10

12120

DHS50-20

60 | 60 6053 | 6287.0 | -3.72
DH60-10 60 | 60 6197 | 6287.0 | -1.43 |
60 | 1.2 10 | 6128 | 6287.0| -2.53
60 | 60 | 12] 20 | 6088 |6287.0] 317 |
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Fig. 9 Critical stress, o,,, versus flange length, £, for 50 X
50 type
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Fig. 10 Maximum load, P, versus thickness, ¢, for 50 X
50 <10 type
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Fig 11 Critical stress, o,,. versus thickness, ¢, for hatted
section tubes
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