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ABSTRACT
190331

This research was aimed to study the crashworthiness of Thai-manufactured bus body
and its energy absorption capacity. The study focused on only main components of the body i.e.
the bus side wall, roof structure, assembled body and some joint patterns. The study was begun by
surveying for data from Thai bus manufacturers. Then, experimental work was conducted in order
to verify the commercial computer package (Finite Element Analysis, namely ABAQUS). Then,
the verified FEA program was used to model the actual size structures in order to investigate their
behaviors subjected to various crashing loads.

According to the survey, it was found that there are three patterns of the side wall
generally used in Thailand, which are the horizontally-parallel pattern, the diagonally-parallel
pattern and the head-to-tail diagonal pattern. For the roof structure, two patterns were generally
used i.e. the horizontally-parallel and the diagonally-parallel patterns. The three patterns of side
wall were manufactured and tested under quasi-static axial crushed, bending load and twisting
load, as well as under dynamic impact axial crush. The results revealed that the horizontally-
parallel pattern tends to absorb more crush energy than other two patterns. However, in case of
twisting load, the diagonally-parallel and the head-to-tail diagonal patterns seem to absorb more
energy. The experimental result was also compared with the simulation result by FEA program.
Good agreement with acceptable error was achieved. Therefore, the program was used for
investigating further on the behavior of actual size and more complex components.

Considering the actual size and whole bus side frame under axial and side impact, it
was revealed that the horizontally-parallel pattern provides higher energy absorption than that of
the diagonally-parallel and head-to-tail diagonal patterns. In cases of the bus roof frame, the result
suggested that under axial and bending loads the parallel pattern provides more energy absorption
than that of the diagonal one. In contrast, for the twisting load, the diagonal pattern has more
energy absorption. This study also investigated the crush capacity of the roof with various sections
of supplementary elements. These sections were circular, square, L-shape and U-shape. The
results revealed that the roof with circular supplementary elements provides highest energy
absorption and highest specific energy absorption. The assembled bus bodies, which were

composted of different patterns of bus side frames and roof frames, were tested under axial crush



R

190931
in order to investigate their crush characteristic. It was found that the parallel side wall pattern
combined with the parallel roof pattern gives higher energy absorption than that of other
combinations. In addition, the different types of joint elements between the roof and side wall
were also tested. It was found that the joint type 3 provides highest energy absorption. Detail of
energy absorption capacity, load-displacement curve and deformation mode of each element of the

bus body were reported and discussed in the report.



avey

naAnssulszma
unnageMu lng
UNANGRNHIBINGY
vy
a5UYMITN
asUYMN

Mmoesedyanusitaziiede

d’ o
unn 1 uni
d o %
1.1 anuiuauazanudidgyvesilym
@ o aov
1.2 daqilszaenvesnuiig
1.3 YDUIWAVDINUINY
o 1 )
1.4 U5z leminamaneglasy
v
1.5 FUADUMSIANEN
1.6 Iasead1auedsieau
a v & a Aav Ad Y
UNA 2 YoyaNugIH NEHUATNUIVL NN IV
[ o
2.1 AnHULLAZUDYAVOIIOIUA lAYAS
2.1.1 1asgui 1 sodSuemaniay
2.12 masgud 2 sodfuemanaly
a o Ay o1a A o
2.1.3 1AIFINA 3 T00UA lavasi el Sueima
4 o o
2.1.4 11ATTIUTN 4 S00UA lABTTTOITY
{ o ]
2.1.5 1IATFIUN 5 500UA LATATUUDNIY
4 o &£ ]
2.1.6 WIATFIUN 6 T00UA LATAITUVUNINN
Py o a
2.1.7 1AL 7 500UA lAgasHUVIRIIZD

%
2.2 JJWWQTHﬁ'lﬂﬂcluﬂ'liﬂﬂﬁﬂ‘lﬁﬂﬂ‘l‘lﬂ

D & M

13



M31iey (A10)

Y
"
@ v J J
2407 3J'lﬂ'ii']ﬂﬂ'ﬂll‘lja'ﬂﬂﬂUﬂlﬂﬁﬁﬂWﬂﬁﬂTuﬂuﬁ (FMVSS) 13

222 WAsgIUMIUsziuLazMINAAeUIEUA 11 (NCAP) 13

223 asguanulasafvuunIeaId (IIHS) 15
23 mImnEFuAE LT TN 15
2.3.1 MILINYANTONILAINY 15
232 MR 16
233 mszmie 16
2.3.4 WALNUYATY 16
2.3.5 WAINUAATUIUNIY 17
2.3.6 UszAnFammMsgui 18
2.3.7 UszAnFamwasnugady 19
2.3.8 UszAnTNINUDINITY 20
2.4 minaaeuRuaiAvesTaqiildlumsiny 20
2.4.1 ANUAUNINIAINTTY 20
2.4.2 ANUATIANINIAINTTY 21
243 Tugdannubangu 22
244 amuduiiFaguese 22
24.5 AMIATOATIAATLASS 22
2.4.6 Plastic Strain 23
25 suilonds W TuiieAmud 23
2.5.1 ﬁugmma"lﬂ'luﬁmﬁmuﬁ 23
252 SaastivnaluTsunsy v luiiednma 25
26 Aisuiifuatos 25

v Vv .
6.1 NUITENREITUMIANEINIFUYBIFUTIU
4
Taseadasosua 27

a o - |
2.6.2 ﬂTiﬁﬂ‘H“ﬂﬂjﬂ‘Uﬂ’]ﬁ‘UTﬂWUﬂ']ﬂﬂ15ﬂ§$u1’|ﬂ 32



m3iiey (919)

a 3 y v )
unn 3 msms‘megmmzmagaiﬂsmsnmwvﬁﬂﬂms
ac =3
3.1 Amanudoya
a a o
3.2 MsUSHIsSMsKHansaoua laeans ludsemea lne
9 o
3.3 Yoyalnssadresooud lagens
o W o
3.3.1 Iaseadedudnadidlsosua lagans
@ o
3.3.2 1A59a519NaIAIU0908UA lagds
o
33.3 Ipseaduduntnsooua lagans
[ o
33.4 Iaseardedundesasua laoans
a A A A = A  aa =
UNN 4 15030 N T IUMSAN AL IBALIDEAITNIANY)
4.1 w5esienldlumsnm
4.1.1 1A50INATOUMINALAZNTA
4.1.2 1A3DINAABDUNITATLUNN
¥ a -4
4.1.3 IN50INDUNANDST
A oA A
4.1.4 n3oallouazgUnsaioun
42 auanianmenavesiagilflumsdszaeulaseaie
o
INUUA LAYES
43 Tlsunsy FEA nl4lumsfnui (ABAQUS)
43.1 @IHYRIMIaIWUUIIa0Y
43.2 AIUVDINTATUIUF
433 guveamsiiaainaveelilsunsy
4.4 msaounonlUsunsy FEA AUMINAADY
a =} 9 9
441 SwaziduavesmIaouisunolanseMIyuale
3 o
ANUIGIAN
P=3 9
442 s1aziBsavesmsdouisuneldAniszmIrualy
I~
AT

o a da i
4.5 MSHIVNUIUDAUUADNTE (Mesh Independence)

37
37
38
38
43
44

45

46
46
47
49

49

49
52
52
53
53

54

55

59
61



13178y (AD)

4.6 MINATOUNTFUYD IATIAdedIuTwoIT0sUd laeans 62
4.6.1 Iaseadrauazdiuilsenousoous lavans 62

4.62 dnvazuuusiaodlassadedudanlelumsdou 63

]
4.6.3 minaaev Iassadred i lnsadi 64
4.7 manaaoumMs¥uYesIassadndinisooud laods 65
4.7.1 msnaaey Iassadrandemuuunldluilegiiv 66

@ { a I~
472 msnaaon 1AsIad1araImNTMIEEUANVUINT
9 I Y o [
AN ANNINAAAII 66
4.8 msnageumsyulunuiunuvedlaseadialseneun
aosenine lnseadrandemnulaseadiediudia 67
49 MINATBUINYULMIOANDIZHIeIATIaS1ardeniy
o
unalaseadedudavessosun lagans 68
d’ =S a d
UNN 5 WAMIANHIAZIATIZHNG

o | Wﬁfﬂ'iﬁ@ULﬁU‘U'EZ’ﬂ'jNﬂﬁWﬂﬁf’NﬁUﬂﬁﬂﬂﬁﬂUﬁ’)U

Tasunsy FEA 70
a 9 9 3 o

5.1.1 wamsaauoun1elAn1sLnITTHAIIANNETIA 70
= <

5.1.2 wanmsaeuouneldnisznsyuAIon UG 78

o
5.2 WaNSNAAEUMI¥UVS AT s udnasaoua lasans
I~
LULAVLLH 83
Y 3y 9 o
521 MIApUaNeIveslasIademudasosun laves
v &
Meldnmssuluuuinmin 84
Y 9 vy o
522 MIapUaUeIved lassadedudasooud laves
meldnmaruluuuiunu 86
' @ @ ~ 9 9
523 mms@wuwamw"lﬂmﬂmimaauTﬂimsn
) :
AUT19N 3 LUY 87

o g
53 Nﬁﬂ']i‘ﬂﬂﬁﬂ‘ljﬂ"li%u“uﬂ\ﬂﬂ‘iQﬁ%}']x‘lﬂﬁﬂﬂ"liﬂﬂuﬁiﬂﬂﬁﬁ 89



13178y (AD)

v
Hin
5.3.1 wamsnaaouIassadrenasnwuunlsluilegiv 89
5.3.2 HAMINAAOUNMIFUVDIIATIATIIMEIMNTIMsIasy
< 9 I Y w [
ANVLVILT IR ANNUIAAAT) 94
5.4 wamInaTeuMIrUvedlaseasilseneunaoszing
Y @ [
Taseadrandemnu Inseasiediudig 98
54.1 MINOUAUDINIIFUVDIIATIaT19sEneUNABI TN
Tassadrandemnulaseadisdudns 98
542 mmsgadFundanunmMsruvedlnseaiielszney
fnoszrnelassadrandmiulnssadaduiing 100

5.5 HANSNATOUANHULMIVAADIZH I IATIHT1IHAIAINVLN
Tasead1edudsuessooud lasans 101
9y AR 1Y
551 nMsARUAUDINIFUYDYIATIas1vdsenauntanoniy
v
FuAIUTARDANY U AN 101

552 mimsgadundenunnmsauveslassainlsznoy

Faosznnelassadianasmiulassadadiudna 104
a = )
unh 6 agiwamsfnpezvelavaNuL
6.1 agUnanIsAny 105
= Y
6.1.1 wamsaouieulisunsy FEA NUNTNADDY 105

6.12 manageumsvuveslaseadisdiudresosud lavas
LUV 106
6.13 mMIsnadeumMIruueslaseadiandenineudlavas 106
6.1.4 mimﬁaumwwaﬂmaa%’nﬂﬁzﬂauﬁsaimwin
TassaZramdansu Taseadedudnauuae 107
6.5 Msnadousnyaizmstanesznelaseadiandan
sulnseadredudnesooud laoas 107

6.2 Torauauuslumsfnyiaely 107

@



318y (A9)

%
HiN
6.2.1 NEINUNTLUIUNMIHAA 108
6.2.2 1NvaMuIAsIUANNLaeASBYBITAUA lAuaIs
Tudlsziner 108
a [ =2 9 o A a
6.2.3 NYINUMIANYI IATIAZ19T08UA lAsATINUIAY 108
1PNA591999 109
MANUIN
N AIDYNMITAIUIUIINNTNATDL 116

aa d A aw d’l
U FWYNMIAANUANUNWIUDINNITUIIYU 1123



a
MIWN

2.1
2.1
2.2
23
24
25
2.6
3.1
4.1

4.2

5.1

5.2

5.3

5.4

)

5.6

MIUYAIN

F o '
YoYUz I1UaZIDYAVDIIDUUA LABITUABTNINTTIY
1 FY o 1
(70) Yoy auazI10aIDIAYDITDIUA lATMTUARLIATIIU
Y o o
FoYATUNIZYDIVUIATDLUA IAUTIANINATIIY
v v
WAMIIMITNI IWIGALAS NN UNDIMNUATUN N NN UA
aao o a a [} =
anauIuIneua lasasneansiou lniserned 2534-2548
9 '
uansmsataIu 1AW INFUNUNATOUNA N IA197 vBInaDIDglitioY
l [ [ d' 9 d‘ d’ 1 ny
HEAAITZUIANE T DA NAIIUgAF DN Idillendousssr Mz ToaFuaOY
o A9 Yo Yy Yy %
anunuuazvnavestagildnilassadedudnsvessosud lasans
v

auautiidiosduainmsnaaeuieg
HAAIAIDE19AINUIAUDT (True Stress) LATAIUIABADI (True Strain)
1ALA1 Plastic Strain N1 1AvINAIINATOUTEIA

) U w [ d' Y [ d‘ d‘ 9
HamsmMuIumMIgadundsnui ldainmsnaaeuazdulsiinedrves

3 o A o [ a

moldnmszanuiEamnnsgiuuunalutuannu tuudaLazHUULA

o 1 o [ d‘ 9 @ d‘ d' 9
HamsmuIumMIgadundsnui ldainmsnaaeunazdusnineives

k4 <
Moulan1szANIEIF
o ' @ @ g ¥
uaRIHaMIMUINAMEINUgadFuuedInseadei ldnamanaden
AMBINUgATY (E, ) uazmwdanugaduiumg (E,) nnuuuiined
M4 FEA voelassadanasmmeldnmssununie
amdanugadu ( £,) vazmmdsnugaduiuwg (E,) 1nuuuiiaes
9 @ a slay [l 1 a 9y o s [
119 FEA v041A5983191189m19 1$Fudiuasasurinaanaeny
KA AIUIYBINTNATOUNIBU IHUUILAUYDINTADAAUTLHIN
v 9 @ o

Tasaadraausnesu Inseadiavdansooud lagans

v Y
U Y o a 1 =< 1 1
mwmam@mmaﬂmaa%'nﬂixﬂeuﬁﬁ%umuﬂﬂmxmumm

10
11
12
28
29
39

51

51

77

82
88

93

97

100

104



MN
2.1
2.2
2.3
2.4
2.5

2.6
2.7
2.8
2.9

2.10

2012

2.13

2.14

215

3.1
3.2
3.3
3.4
3.5
3.6
3.7

=D.

aIVYMN

AR MINAAOUMIFUAUNTINNNIATFIUATNATOUSDUUA IH1]
HARNIATFIUMINATOUMIBUALALITNYDINTNATOUS DEUA 1]

LLﬁﬂQ‘iJWliﬁ'luﬂTi“VIﬂﬂi’)‘UﬂTi‘Bu@gﬁ‘u"IQJIN"'lJ@\‘iﬂTS‘V]ﬂﬁ@‘lJiﬂﬂuGﬂﬂij

v o o 1 ] o
HAAIANNUAUNUTICHINAINITSUASISUSYUAT (Load - Displacement Curve)

Y v [
wanesuzgUAeIFuILANanuanaeiuegneldtouly
YOULALALINY

Y @ 9
naaudunimyemsguanilanisemIsunszunn
v o d
A3 LA NUFURUTYDIANUAULAZANVIATYA
uaasnIvoandesnumeluoviussezguduioman sy
Y v v
HAAIFUAIUNNATDULAZUTINIANHIITA
v o @
ATINAAIANUTURUTYDINTSUALTTOLYUAD
[ J Qy ~ FU
uanagldnpazvesmamizsesrunulFlunsmaaoy

Y [l v

uaaudus ouvesruu Tang JUTmdsumung b ues Kecman’s
' o [
N3 MLAAINNUAINITOVDIT WMEUYHE IUMTTBITUUTINTZUND
NAMAMITINAIY WelAdaT I
v @ d ' [ ' @ o
asmuaaenMuduiutszniedasdu (a/g) funmlumsiuuse
ATUNN
- ' ' ] [ ]
uaaIns AN FURUTIENNIMNITNARUYESATHE HIC AUANNGI
(% 1 " W =<
Jumssunszunn v, sazdasdiunnisafuussfsgaveslan (a/g)
Yy vy @ a o
uaasInseadedudnevessooua lagasase LazNINIIARY
Qy 1 Y Y 9 ‘{I
HaaFuaIU IATITIIAIUYIVDLT00UA lABaT
@ A ' Yy Y Y w a
LAAIENEUZMIITOUAD IATINTATUY NS
2 a A a <
naraadudIn Ins a1 aA U S UNIET AUV
4 [ Qy ] a 9 ' A a [
naaImMsiFouaoTu A 1ATIA3 19U IMATUAIUNBITTNANULUAST
1 ] 1 ay 1 9 : F4 9 A a A
LARINI AR UTDI VD IFUAIU IATIATIATUVIUNDITTUTDULYOU

Y v
' v A ' Yy L@
!,L’ﬂﬂ\‘]ﬂﬁ@]@Iﬂ3\1ﬁ%"lxi@gl}Wl\!“i’l}'NﬂU%uﬁ’JUIﬂiﬂﬁiNLLH’N]QLL’G‘I%LLU?N@N

14
14
15

16

18
19
21
27
28
29
29
30

33

34

36
38
39
40
41
41
42
42

2]



=D.

MN
3.8
3.9

3.10

3:12
4.1

4.2

43
44
45
4.6
4.7
4.8
4.9
4.10
4.11
4.12
4.13
4.14

4.15

4.16
4.17

4.18

a1 UYNN (10)

' y 9 e s
uanamsae lnssadedmdreduFuduimsuanuudaus wunrugy
uaae InS e 19N aIMI0ous laeas
waraamswouae Iaseademudeiulnssadendensooud lnoas
uaae Inssadeduninvossooud laoans
@ o
uaaalns a9 UNAIT0IUA lasas
A -
INIDINATDU Compressive & Tensile Test Machine megﬂﬂﬂumma{muqu
¢ﬁl v v
PIDINATDUNITINISUNNLUVY Drop Hammer Tower NoonuuuLazas19vu
d' 9 a o
o leluaruive
v '

AENFUNUNHIUMINATOUMMAMANTANIINAYDITae
anans1voaszeztia (Extension) 4azn15¢ (Load) N 1dvinnmsnaaouine
HEAAIANYAIEHII90V0911/58n53 ABAQUS\CAE

@ 1 , ~q
UErA9RI0819904 Input Files 11911 1sunsy ABAQUS

N o Baby 0. 518
waasruaIuves Inseaswnadevudmsulslunmsnadey

A a4 g SNy S, Y} dquo
waaaunsosonadevuedvda Inssadauaznsnageun 19ve 3 uuy

qy [ 9 ~ 9 :3’ a 4
waasruaIvve Inssadenadevulunounines

@ v K 9 a 9) a Jd
waasanyuemMstuta Inseadanlyluldsunsunoununos

9y ]
LANNIT %ﬂ’JN‘Ifu\ﬂu‘Vlﬂ’d?)‘l]Elulﬂ?ﬂﬁﬂﬂﬁﬂﬂﬂﬁﬂﬁmlﬂﬂ

43
44
44
45
45

47

48
50
50
53
54
55
56
58
58
59

Y ' ° vy vy ]
HEAINIDYNNLUUINDIN FEA 1!?NIﬂﬁﬂﬁ%}']\?ﬂ']ﬂﬁlﬁﬂ’]ﬁﬂﬁgllﬂﬂﬂjﬂﬂjuﬂigﬁz\‘] 60

" o a ot Y W v g Y] dyo/
panensmmImmsaueanudnminzay Taeldndsnugaduiludyia
o 1 9 o
ueraeguuudaeana FEA vosdudsenou laseadiasosun laodis
v 9
o o T a [l a
uamgﬂsmumaaﬂmaa%’mmaﬁ’mﬂ’fnmﬂuﬂIﬂﬂms NUNMIROFUAIUEATY
<] [
AMULVILT DDA
a a [ a o
waadswsounsneunadoululusunsy I lwedwua

' @ o
uansztuuumsde Inseadandansosud lages

[ @ Qy 1 a 9 \ [V o
Llﬁﬂ\‘laﬂ'ﬂﬂ!xﬁﬁ}'mﬂ"ll@Q%Uﬁﬁukﬁﬁﬂiﬂiﬁﬁi']ﬂﬁﬂ\iﬂ']iﬂﬂuﬂIﬂﬂ?ﬂi

61
63

64
65
66
67



a
NNN

4.19
4.20
5.1
5.2
5.3
5.4
3:5
5.6
Sidl
5.8
59
5.10

5.11

5.12

9y { (3 y
513 udasguuumadeneveslassadiddsosudlasmsmolaniszmsry

a3UYNIN (¢10)

werasgluuumsdolszneunuvesInseadredudneiuTaseasamasnives

o
FROUA lABANT

' a < 1 @ @
Ltﬁﬂ\?;i‘lll!;‘uUﬂ"l591@!ﬁﬁNﬂ?TNLLﬂJQLLﬁQﬂJ@QﬂTigﬂﬁ@Iﬂﬁﬁﬁ%"lﬂﬁﬂﬁﬂ']ﬂﬂLLNQ

Y o

Tnsaariedueavesooud laoas

a 9 Y
naaagluuuma@eniovesInseaieanmsnaasenildniszuuung
Tuuuunu
uaaansainszinsgiinuszezgualnnmInaneveslnssade

' v

Naond 3 uuu Melanszmsnaluuuny

=) k) Y ad Y
paasgdupumsidonisuod Iaseed199InmsnaaoudieIs FEA mela
NM5TMINA TULUALNY
LERInIINAINSE NS EMAUTLZgUAINNINATOUARIY FEA 409

v

Tasead1ans 3 uuu meldanszmsnaluuuiuny

a £ 9y @
uaasgduuumsiderioved Iaseaieainnmsnaaes melanszuuuda
uamgﬂgmumsLﬁfm1fm1ﬂiéfﬂﬁzmiﬁﬂiﬂamsmaauﬁw?ﬁ FEA

a Y dyy Y
LL’dﬂQg‘ﬂ!L‘U‘UﬂﬁLETEJW181‘"6\111’15\‘1?15'N‘V]"lﬂmﬂﬂ'lﬁ’lﬂa@ﬂﬂwclﬁﬂ'li%

AEEA (RIS ISTRIL)

A, 9y { o £
uanagtuuumsidoneainmsnadeualnds FEA meldmsginsgiuunia

[ o vy ]
aﬂym$ﬂ1§kaﬂﬁ15‘[]@\31?’15\3?(%]1\37]\1 3 Ll‘U‘UﬂnﬂﬂWiVIﬂaﬂdﬂﬁgllﬂﬂﬂjﬂﬂ’.}n\lﬁ'}q@

Y
a3zl fisonaznaiveInseed1ene 3 LUy 11AMINARBINTTLNN

v 3
AIYANNLTIGN

@ 3 o y vy
ﬂﬂ‘Bﬂi%ﬂTiLaﬂ‘ﬁ’]ﬂ‘Uﬂﬂiﬂi@ﬁ%"lﬂ‘ﬂﬂ 3 UUY 91N1591999A%8 FEA mef'l@

3
ﬂW'iﬂiglmﬂﬁ’JEJﬂ’J']iJli’Jq\i

Y
aaa % o y
nsusalfisouazna1ves Inseai1ana 3 uuy 91531009998 FEA

v v 3
ﬂ?ﬂclﬂﬂ'l'iﬂﬁzlmﬂﬂﬂﬂﬂ’ﬂﬂlj?qq

v
lutuaaanin

68

69

71

72

73

73

74

75

75

76

80

80

81

84



=D.

NN

5.14

3:15

5.16

5.17

5.18

5.19

5.20

5.21

5:22

5.23

5.24

5.25

5.26

MIUYNIN (A0)

%
Hin
% { 9 o
nIWnIszLAzszuzyUAIN IR nuUUT a0 FEA vealassadanold
v
N3 IULUIAIRIN 85
Y
waagluuumsi@enioves Iassaesmutnesaoud lasasneldnisz msau
Tusunu 86
nIMITUAZIZUEgUAIN IdnInuuUIanan1e FEA veelassasaneld
M3 UL 87
waasgduuumsidenisueslassadanasmaouuuvinuLagaeLUUR o
Meldn1semIvu 3 uuy 89
@ @ o 1 aaa @ Y 9
gaaInIMaNUTURLTIz WS RAsenussuzguaIved Insaasng
nasmnasuuvvIULazuuuReanisldmsyu luuuiuny 90
v o d 1 aaa @ @
wansnsmanuduiusszrnhausslfasoduszozguaiveslaseadig
naInNeouUUVINULasuuReameldnisenisda 91
LY @ o 1 aaa @ [
uaansmanuduiutszn sl §asodussesguavesInseaing
naImNeouuUvINULazuuReaneldnisensia 92
a ] ™ A a < Y <
ueraeg UM evod 1As I3 1IN aIMMETUA NI ALTIAHUAN
Y @ F
ninaa 4 1oy naasumelaniszmsnalunuannu 95
' v
9 [ a @
waaanansnagoumssulunuiunuvedIasead1andanuuuurunana
[ a < @ [
AMASUANUUTAT WUV HINAAA1) 96
nandguumsidoneainmssuveslassainilszneuiideninumg
9 [ 1
Tnssadedutnauas 1nsaa31anamuu a1 98
aaa Y 9 d' 1
uﬂmﬂﬁMsuamsaﬂ;]m'muazizﬂzqummaﬂﬂsaﬂswﬂszﬂewmmﬂ
Taseard1ednudnany InsanaInuuA1ee 99
~ ] Ao
uﬁmgﬂgmumsmfmwmﬂmswﬂﬁaumwummTﬂsqaswﬂizﬂaum
102

9
FUAIUTAADLUULAE
v
=< [

aan g : ‘S'dQ 1 1
nswlusailfAsouagszozgudves Inssainlszneuniizudananeuua1e 103



P

min
max

mean

O

max

ty

FEA

Mass

Mesinedayanuaiuazige
ANNHKNIY

mﬁz%ﬂﬁ]a (Collapse load or Critical load)

y A M
MILUBYNYA (Minimum Load)
MIzQIga (Maximum Load)
A152MAY (Mean Crushing Load)
52 @NTNNFIN52 (Load Efficiency)
WAINUGIFA (Maximum Energy)
Wﬁ’NTu@‘ﬂGﬁ"}Jmaﬂ (Average Energy Absorption)
WAIUQATVTUNE (Specific Energy Absorption)
152 @NTNINFINGIU (Energy Efficiency)
U5z ANTNINNITYUAD (Stroke Efficiency)
Y
4l zazquﬁa (Displacement)

3 y
A1UL57 (Velocity)
AT (acceleration)
Finite Element Analysis
L)
& 4
NUN (Area)
ANMUAUNIIIAINTTU (Engineering Stress)
ANLTINNTZTINAIVUUINY
ANNUASIANIIAINT TN (Engineering Strain)
ANuLNIEANIY

v

ANVYIAAVVOIFUNATDY

d' A g
mnasuasnnuennmsgan
A lugdannubiangu (Modulus of Elasticity)
AINNAUDT (True Stress)

a a s .
AMUAIEADIA (True Strain)

U

[N], [N.m]
[N], [N.m]
[N], [N.m]
[N], [N.m]
[%]

[N.m]
[N.m]
[N.m/kg]
[%]

[%]
[Radian]
[mm]
[m/s]
[ns]

[kg]

[m’]
[N/m’]
[N]

[m]

[m]

[m]
[GN/m’]
[N/m’]



o a U > d [
AesuedyanyallazMee (D)
pl = = § s
Mslasuulasnnunsea (Plastic Strain)

HIC ANITUIARDVDIATHELALAD (Head Injury Criterion)

(a/g) 9AIIAIUANNIIAOATIAIYA



