110

1PNA1391904

[1] AsumsvudImaun. Usgmansunmsvudinieun iSewmunazmssanaiisdlavais

zs' 9 ] 1 1
vossaildlumsvudadlasas. nguueNAWMIVUEINITUN. WHI0Y, 2537.

v Y
[2] nsumsvuEImeun. gleasisdeuiminsiugegauazihminaunaivesso lagans.

AYUINGTIAWMIVUAINIIUA, TR, 2535,

3] nsumsyuaenaun. adaswauselutfivangfloununguinedansasuduas
doidow. nguuiehdawmsvudameun. theadansvuds nesdnisuas
INUNU. 2534-2538, 2538.

[4] Himat Mahood, F. and Bahig Fileta, B. Design of vehicle structures for crash energy
management. Vehicle crashworthiness and occupant protection. American iron and
steel institute, 2004. .

[5] Thinvongpituk, C. The behavior of non-constant thickness conical shells under axial loading.
Doctor of Philosophy Thesis: University of Manchester Institute of Science and
Technology (UMIST). Manchester, 2002.

[6] Magee, C.L. and Thornton, P.H. Design considerations in energy absorption by structural

collapse. Transaction SAE. vol. 87(2): 2401-2055, 1978.

o o adt a o a o @ a d
[71 Y51 lund ez In. szdiondBimedaaslunuimnssy. njunnumiuas : dninwums

] o a @
HYQWIANNIUNHIINGTIQY, 2541,

[8] Kindervarter, C.M. and Georgi, H. Composite strength and energy absorption as an aspect of

structural crash resistance. Structural Crashworthiness and Failure. (Edited by Jones,

N. and Wierzbicki, T.) Elsevier Applied Science: 189-235, 1993.

[9] Psimolophitis, S.E. An investigation of axisymmetric shells under axial loading. Doctor of

Philosophy Thesis. University of Manchester Institute of Science and Technology

(UMIST). Manchester, 1997.

[10] Thinvongpituk, C. and Chomkwah, V. Crush characteristic of conical shells with varying

thickness. The 8" Asian Symposium on Visualization. Chiangmai. Thailand: No. 51
(1-6), 2005.

[11] Macaulay, M.A. Introduction to impact engineering. London: Chapman & Hall, 1987.



111

Y a 1
1®NA1391994 (MD)

[12] VanEck, P.J. etal. Human impact tolerance. ‘International Automotive Safety Conference
Compendium. SAE: 712-782, 1970.

[13] Jones, N. Structural impact. U.K.: Cambridge University Press, 1997.

[14] Huh, H. et al. Crashworthiness of front side members in an auto-body considering the

fabrication effect. 12" International Pacific Conference on Automotive Engineering.

Bangkok. Thailand, 2003.

[15] Alexander, J.M. An approximate analysis of the collapse of thin cylindrical shells under
axial loads. The Quarterly Journal of Mechanics and Applied Mathematics. vol.
13 (1): 10-15, 1960.

[16] Mamalis, A.G. et al. The crumpling of steel thin-walled tubes and frusta under axial

compression at elevated strain-rates: some experimental results. International Journal

of Mechanical Science. vol. 26 (11-12): 537-547, 1984.

[17] Johnson, W. et al. In extensional collapse of thin-walled tubes under axial compression.

The Journal of Strain Analysis for Engineering Design. vol. 12 (4): 317-334, 1977.

[18] Kang, W.J. and Huh, H. Crash analysis of auto-body structures considering the strain-rate

Hardening effect. International Journal Automotive Technology. vol. 1 (1): 35-41,
2002.

[19] White, M.D. etal. A theoretical analysis for the quasi-static axial crushing of top-hat and

double-hat thin-walled sections. International Journal of Mechanical Science. vol.

41 (2): 209-233, 1999.

[20] Reid, JD. Crashworthiness of automotive steel midrails thickness and material sensitivity.

Thin-Walled Structures. vol. 26 (2): 83-103, 1996.

[21] Harrigan, J.J. etal. Inertia effects in impact energy absorbing material and structures.

International Journal of Impact Engineering. vol. 22 (9-10): 955-979, 1999.

[22] Reid, JD. Towards the understanding of material property influence on automotive crash

structures. Thin-Walled Structures. vol. 24 (4): 285-313, 1996.



112

19NA1591304 (AD)

[23] Chrysanthopoulos, M.K. and Spagnols, A. The influence of radial edge constraint on the

stability of stiffened conical shells in compression. Thin-Walled Structures. vol. 27

(2): 147-163, 1997.

[24] El-Sobky, H. et al. Mode of collapse and energy absorption characteristics of constrained

frusta under axial impact loading. International Journal of Mechanical Science. vol.
43 (3): 743-757, 2001.

[25] Singace, A.A. and El-Sobky, H. Influence of end radial constraints on the collapse axially
crushed tubes. Experimental Mechanic: 333-340, 1998.

[26] Pariatmono, N. and Chryssanthopoulos, M.K. Asymmetric elastic buckling of axially

impressed conical shells with various end conditions. AIAA Journals. vol. 33 (11):

2218-2227, 1995.

[27] Thinvongpituk, C. and El-Sobky, H. The effect of end conditions on the buckling load
characteristic of conical shells subjected to axial loading. The ABAQUS 2003 Users’
Conference Proceedings. Munich: Germany, 2003.

[28] Thinvongpituk, C. and El-Sobky, H. Buckling load characteristic of conical shells under
various end conditions. Proceedings of the 17" Annual conference of Mechanical
Engineering Network Thailand. 15-17 October 2003 Prachinburi: Thailand. paper no.
mm 017, 2003.

[29] Koiter, W.T. et al. Buckling of and axially compressed cylindrical shell of variable
thickness. International Journal of Solid and Structures. 31 (6): 797-805, 1994.

[30] Li, Y.W. etal. Effect of the thickness variation and initial imperfection on buckling of

composite cylindrical shells: asymptotic analysis and numerical results by BORSOR4

and PANDA. International Journal Solids Structures. vol. 34 (28): 3755-3767, 1997.
[31] Thinvongpituk, C. and EI-Sobky, H. Buckling of axially compressed conical shells of

linearly variable thickness. The 2" MIT Conference on Computational Fluid

Dynamics and Solid Mechanics. MIT: USA, 2003.



113

Y a v
19NAN9913904 (M8)

[32] Mamalis, A.G. et al. Finite element simulation of the axial collapse of metallic thin walled
tubes with octagonal cross-section. Thin-Walled Structures. vol. 41 (10): 891- 900,
2003.

[33] Yamashita, M. et al. Axial crush of hollow cylindrical structure with various polygonal
cross-sections numerical simulation and experiment. Journal of Materials Processing
Technology. vol. 140 (1-3): 59-64, 2003.

[34] Huh, H. et al. Crashworthiness assessment of front side members in an auto-body
considering the fabrication histories. International Journal of Mechanical Sciences.
vol. 45 (10):1645-1660, 2003.

[35] Kawano, T. and Urushiyama Y. Research on aluminum structures for crash energy
absorption. 12" International Pacific Conference on Automotive Engineering,
Bangkok: Thailand, 2003.

[36] Yong, W. etal. A study on crashworthiness of mini-car front longitude member by
computer simulation. 12" International Pacific Conference on Automotive
Engineering. Bangkok: Thailand, 2003.

[37] Hongyan, W. and Fan, X. Simulation of passenger’s responsive motion in vehicle frontal

crash. 12" International Pacific Conference on Automotive Engineering. Bangkok:

Thailand, 2003.

[38] Cheol, K. and Jung Lee, J. Energy absorption capability of an aluminum/GFRP hybrid

« . h s »
square tube under axial crush and bending collapse. 12" International Pacific

Conference on Automotive Engineering. Bangkok: Thailand, 2003.

[39] Kim, T.H. and Reid, S.R. Bending collapse of thin—walled rectangular section columns.

Computers and Structures. vol. 79 (20-21): 1897-1911, 2001.

[40] Lim, T.S. and Lee, D.G. Mechanically fastened composite side-door impact beams for

passenger cars designed for shear-out failure modes. Composite Structures. South

Korea. vol. 56 (2): 211221, 2002.

[41] Kim, D.K. etal. Dynamic crashing and impact energy absorption of extruded aluminum
square tubes. Materials and Design. South Korea. vol. 19 (4): 179-185, 1998.



114

Y a \
1PNT1I91993 (AD)

[42] Kim, D.K. and Lee, S. Impact energy absorption of 6061 aluminum extruded tubes with
different cross-sectional shapes. Materials and Design. South Korea. vol. 20 (1):
41-49, 1998.

[43] Mohan, D. etal. Impact modeling studies for a three-wheeled scooter taxi. Accident
Analysis & Prevention Elsevier Science'Ltd. vol. 29(2): 161-170, 1997.

[44] Jones, N. Structural impact. Impact injury. U.K.: Cambridge University Press. 423-427,

1997.

[45] Smith, K.M. and Cummings, P. Passenger seating position and the risk of passenger death

or injury in traffic crashes. USA: Accident Analysis & Prevention Elsevier Science

Ltd. vol. 36 (2): 257-260, 2004.



MANUHIN



116

MANUIN N

MIBLINMIAUIUINMINATDV

1. 29819M13MUINUDINAITIN 5.1

A1061aNaMIMNINYe IATIad1aNdBLUVYLIY (Experiments)
1.1 mmmaaumﬂé’fm5znmun6ﬂuumnmu (Axial load)
11311 Energy Absorption, E, ﬂ’l'au"amﬂmsmﬁau P =11.47 kN, Stroke =

mean

2
60 mm, 470 = 1.67 kg Fav1 ldnnaums

E, =P . .Stroke

E,=11.47x60

E,=688.2 N.m
Lﬁ'ﬂ P = ﬂﬁ%méﬂmﬂﬂﬁﬂﬂﬁﬂﬂ

mean

%

Stroke = 32UYUNINNNITNATDU

1 @ v o b4
A3H1 Specific Energy Absorption, E_a131samiAmasnugaduiumzld
N

NNAUNIIT

E, = e

mass
6882 i

167

E,=142.1 Nankg
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daumsmanlumsaeuuudy HazMIAIUINIINIT FEA NNIBAASUIASINY

o 1y oy ) =
G\'J@EJ%?SU']\‘WIUQ']M"Uf)iql,aqluﬂ"ﬁWQ‘n 5.1

1.2 M3naaeuMealAnszuuuia (Bending load)

N1311 Energy Absorption, E, mni’f@yamsmﬁau P =3.01kN,(8)=0.17

mean
v

=) A v A
IAYU, U0 = 1.67 kg, Moment = 526.75 N.m cmm“lﬁ’mu
Moment = P X r

mean

We P =nszmasnldnsziinulaseadie, N

mean

r = SAtnnuuans sfeganyuues Iaseag, (175) mm
AWIOMIAIMIYATFUNTINUINMIAA TANINTUNS
E,=Momentx0
Ea =526.75x0.17

E_=89.55 Nm
a

M3 Specific Energy Absorption, E_ ANNIOMIMNAINUATUTUNIZIN

maaaldanauns

E
E,=—"
mass
iy 5580
167

E, =53.62 Nankg
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v Y 9 Y, =
mamﬂmmumumagaﬁlum'ﬂ\m 5.1

1.3 manaaeumelamszuuyuiia (Twisting load)

N13¥1 Energy Absorption, E_ mﬂi’fay,amsmaau P =2.13 kN, Moment =

mean

Y
v A

a 2
148.92 Num, (0) = 0.28 15180%, 17a = 1.67 kg, Ba¥i1 1AAail

Moment = P xr=2.13x70=148.92 kN.m

mean

e P =nszmasnldnsgidulaseadie, N

mean

r = $aflvoswaiafil¥lumsta, (70) mm
AWTMMMIgATUNAIIUIINMI DA IdaINaus
E,=Momentx0
Ea = 148.‘92 x 0.28

E =41.67 Nm
a

311 Specific Energy Absorption, E AUNTONINNAINUAATUTUNILN

mssaldanauns

£ 4167 N
.67

E =53.62 Nankg

N
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mumimmm“lummmmuﬁu HaENINIUIUIINID FEA ﬂiJ’J%ﬂﬂL“]fuLaEJ’JﬂU

o Yy v =
mamwnmummmgaclumﬁNm 5.1

2. ﬁaednmsﬁm‘ammnmsnﬁ 5.3

GT’J@EJl'NNﬁﬂ'liﬁ'lu’Jil!“U’éNLLFNIﬂi\i’s’l’%,NﬁWu‘lsllNﬁﬁi@LmUﬂJu1u (FEA)
2.1 mimaaunwmmszmwﬁluumnmu (Axial load)
mean

N1 Energy Absorption, E, %ﬂgﬁﬁﬂﬂﬁ’ﬂﬂﬁ@ﬂ P =207.32 kN, Stroke =

&
320 mm, ¥ 1@ nauns

E =P Stroke

a mean

E, =207.32x320=66.34 N.m

E, =66.34 Nm

110 = MILNAYIINNINATDY

mean

Stroke = 3z0zguUAINNMINATDY

Y )
2.2 MINAADIUNITVYUA 1“%]31“8!u3ﬂ3ﬂ1ﬂ

1511 Energy Absorption, £, 1ndoyamsnadey B,,,= 170.15 kN,
. P L
(0) = 0.077 151A01, Moment = 709.94 N.m %3+ ldg il

Moment = P xr =170.15x4.172 = 709.94 kN.m

mean

4 4 4 (-] % y
e P =msumasnlgnsziinulaseasieg N

mean

o & v
r= 5ﬁf|inﬂllujllﬁ\15\3ﬂa1ﬂﬁ]uﬂuﬂﬂl@qjﬂiﬂﬁ5’m, (4.172) m
' @ @ V @ 9y
ﬁ']ll'lﬁ01’7']ﬂ1ﬂ15@‘ﬂ"]ﬂJWaﬁﬁWuﬁ]WﬂﬂWiﬂﬂ"lQQWﬂﬁﬂﬂTﬁ

E,=Momentx8
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Ea =709.94 x 0.077 = 54.67 kN.m

3. MILEIIMIAIHININAITIAN 5.4

f9U19HANIMUINYDINTNATDUNMTBUYDL IATIAF 1IN AIANADUVVVUIY
v &
AUNITTN 3 UL
3.1 MsnaaauMulamszuuunaluuIuny (Axial load)
N13H1 Energy Absorption, £, 903291MINAT0Y P, = 255.75 kN, Stroke =

mean

£
600 mm, 170 = 197.51 kg Favin ldnnaums

E =P Stroke

a mean

E, =255.75%x600=153.45 kN.m

A20919MIAUINNI Specific Energy Absorption, E ANNIONIAMNAINUYA

Fus iz ldanaunis

_153.45x10°
* ol

=776.92 N.mkg

3.2 MmInageuMelamIzuuuaa (Bending load)

N13¥1 Energy Absorption, E, %gamﬂmﬁmﬁau P__=2862kN,(6)=0.2

mean

15181, Moment = 119.42 kN.m

Moment = P xr=2862x4.172 =119.42 kN.m

mean

4 4 4 o w 9
e P =mszmasnldnsginulaseadig, N

mean

@ A é y
r= 5ﬁiJ‘t]'lﬂl!,u')l.t'iQﬁ\‘lﬂﬁ']&lghuﬁ‘l‘lﬂﬂ.lﬂﬂiﬂiQﬁi'l\‘i, (4.172) m
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E,=Momentx0
E,=119.42x0.2=23.88 kN.m

fIDU1INIATUIUN Specitic Energy Absorption, Es mmmmﬁwwﬁwmgﬂ

UM I nauns

o Y
mass
;i 3
1209210 1o o Nk
197.51

3.3 manageumalamszuuuiia (Twisting load)

1341 Energy Absorption, E, mn%gammmau P =10.94 kN, Moment =

mean

=~ .& w dy
12.85 N.m, (0) = 0.48 151A0, 470 = 197.51 kg, Hari1 1At

Moment = P xr =10.94x%x1.175=12.85 kN.m

mean

130 = nszmasnl¥nsziiiulaseadie, N

mean

r = Satveannunielaseadianden, (1.175) m
AWNIOMIAINIATUNINUIINMITTA IdaInaunIs

E,=Momentx6

Ea =12.85%x0.48 = 6.17 kN.m

MIN1 Specific Energy Absorption, E ANTOMIANNAINUYAFUIUNIZ N

M3da lanaums
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E

E =—-+¢
¥ mass
3
E =M=3123 N.m/kg
3 197.51

] o kY g d' 1 =) aad o ] = Y [ ] 9 9
AUNMSAIUIN IATIHSNHAIMNABLU LRI ITAU I UIALIN VAUV 1A

Y A
mmay‘aclumsnm 54

4. MIRENMIAIUIUDINAIINN 5.5

@ [ o 9 @ A a 9y o ]
GI’J’E)EJNNﬁﬂﬁﬂWN’Jm‘UENIﬂ‘SQfﬁN‘VifNﬂTVWI?JIﬂEJﬂ'IiLI]ﬁfJu%N'MWUENLﬁﬁﬂ

51n3ea1eq moldmsgmsaulunuauny
. y g Y o o @ 1 a 9
N34 Energy Absorption, £, 1asmsldimanuihdalenauijumaeidiy voya

2
VINNINAADY P, = 238.65 kN, Stroke = 550 mm, 3178 = 190.36 kg ¥an1 1dnnaunis

mean

E =P __.Stroke

a mean

o P = MILNAYIINATNATOY

mean

Stroke =32uLyUAINNAMIBU

1 [ v o " o vy
NINIMNANNUAAYVIUNIL (Specific Energy Absorption), Es w1 lannauns

E
E =—=¢
mass
b p——
*7190.36
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