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[N/m’]
[N]

(m]

(m]

[m]
[GN/m']
[N/m’]
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ABSTRACT

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




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 eciement of the

bus body were reported and discussed in the report.
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anhe gaga
Q INAURYI+U1RE 6,800 8,500

2 a4 e MAUAYI+013] 9,100 -
( ,-_. Mag+HIIRE 12,200 15,300
3 wa16 2o IWRIF+U13]) 16,400 21,000
r_l ' MAURLI+UIIAL 6800 10,500
3 wa 6 2o RT3 9,100 14,000
- } (Wag+8199) 16,400 25,200
410018 30 Mang+9Ae? 12,200 18,800
‘ i WA UALI+UIR 6800 10,500
smﬁqﬁqq mmﬁ'm 240 mmsﬁ'mmafj 9,100 14,000

i Wag+aIRL? 12,200 -

sofane mang 4 4o wag+enag] 16,400 -
/( MANAY+HNRE 6,800 13,600
mw'gz a4 3 mmtﬁmﬂuma@: 9,100 18,200
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4 solpaas solneas solagms SINTOHUA

i dszdima Tanlszdima auyAna Taeias (Au)
2534 4,006 1,525 536 6,067
2535 4,644 1,750 606 7,000
2536 3,296 1,140 565 5,001
2537 3,646 1,381 656 5,683
2538 4,014 1,463 558 6,035
2539 3,065 1,496 493 5,054
2540 2,921 1375 553 4,849
2541 2,325 733 190 3,248
2542 1,111 387 162 1,660
2543 1,154 376 398 1,928
2544 1,568 837 406 2,811
2545 2,446 1,007 507 3,960
2546 4,993 2,178 556 7,727
2547 3,945 2,773 648 7,366
1.9, - 1.0, 2548 1,394 958 290 2,642
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o =
81U8UA (Federal Motor Vehicle Safety Standard, FMVSS) mmgmmsﬁszmmmzm'smﬁau
o ¥ 'Y U
IRUUA NI (New Car Assessment Program, NCAP) 1tazunasgiuauanuilasassuuniiaiu
. . & ¥ [ { o
(Insurance Institute for Highway Safety, IIHS) %®19na121d91 msfnyufeaduTaseadhs
g kA s o i @ at a5
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UAAZUINIFIUAL
2.2.1 nasgrunnnlasasovesaniusmusun (FMVSS)
b4 Qs o & a yd' s N
duinasguduanuilasadsmaesosuduazisuiildnlsemaansgomsm
& g ] G4 P g/ 3 4
Fadluinesgulunsnageussuumee vessosuauazisuldnsusnluil 1968 Tasuasgiu
- =t w v ] - R R & '3
#ldtinmetszian fv6199u MIATFIUR 116 (Motor Vehicle Brake Fluids) ufludofmua
4w o & o 4
meruszuuwsnlusasud Tasanasguniimsldasasnie nasgiui 209 Fanaradeanu
o @ & @ ow 3 & 1 o
Uaeasslunslfidudaiissorudlavarsissnsuddivyana 50U LAZIDOUA LABAS
<! LY asyw =1 A A Y ¥ ' 2 A ¥ A
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anulaoasiy fluvdn
222 wnasgrumatlszifiunazmsnaaeusesuniyi (NCAP)
3
naspumstsefiusasnaasusaoud lmiddildvawdseme Tunatondy
; &
wu hlewin glsi gijunazesmasnde Tasdidsnmsnaaeumsyulunmodnyusasil
2.22.1 manageulagmssudumsnuuuyuds (Full frontal crash) 11013
4 qw o v sy o gy
naaeutzldnnudlunsvu 64 kmm (40 mph) TeglwsnsudnanruiuwaLMUHIN
Froanuifidmuaieganumuisalunsdumuanufenoiazdnyuyyesmsidoniy

wodnserganuuiwswaziludoyalumandadell Awanslunwi 2.1 ()
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2.2.2.2 MINAaeulasnIITHAIMINUUUATINII (Offset frontal crash) N13
& 9 o ey A Y a
naadumMIrULLuiaz 1sn s lumssu 56 kavh (35 mph) $3tnsnaasuie 1ol

o ¥ o o ot o % 3 o P
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(m Q)

3 @ o 1
anﬁ 2.1 L&ﬁﬂdaﬂﬂmgﬂTjﬂﬂﬁﬂﬂﬂTi"lfuﬁ']u‘ﬁﬁ'm'lllll"lﬂij'luﬂ'li‘ﬂﬂﬁﬂﬂ‘iﬂﬂuﬁiﬂw (n)

£
mﬁmﬂanmwmmmﬁmm: (V) NMINATOUNTIIYULUUUATI [4]

2223 manageulaamsvuauingh Tunsnareuiinnnndaf sz
40 knvh (25 mph) WunsnageunssuAUEUMah Insadajusiassnniiu iz 3udhau
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4 o A oy =
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SIDE IMPACT

= W e

HHS/IP/ALfEU NCAP

MR 2.3 LEANATTIUNINATOUMITUAIUIIVBIMINATBU TOOUA 1N [4]
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¥y 3 [
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M 2.4 HEAIANNAUAUTISTHINMMNTEURTTEUSYUA (Load - Displacement Curve) [5]

232 M3zgega
Mszgaga (Maximum load), A, vaei ﬂﬁa‘:@ﬁt}ﬂﬁ!ﬁﬂ‘ﬁuiuﬂﬂﬂﬂjﬁlﬂ?i’l
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233 mIzmae
msxm?«a (Mean crushing load), 2, PRGN dwmﬂwszm%ﬂmaﬂﬂmﬁa
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2.3.4 WAINUGATY
WHI9URATY (Energy absorption), £, Huufi mwﬁwuﬁ%‘;uqmmmﬁa@@
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¥
E, = wianwnsuaugady 1314

=h.

Tan
ci a Q4 b “y
P = misginsziiuaaduau

] b4
ds = minlasulasszezgudivesFuau

1NNMA 2.4 iflesnnidunsivesniszuazszezmsyuda liasaduaue

o o [ ail’ a wad o ¥q 9 '
ARBATZEZNIMNNAMIFUNTEUND  AuiuTumelguerawsthdlsmsdsznaanainise
INRYATNNENYOI mean - value theorem TUMITMIAINISAFUWIUUDITAY [6] 91NNTTU

4, y
nszunn Faman 14 laelFaunish (2.2)
S 2.2)

2.3.5 WaINHgAFUIUNIE
WAIUYATUSUNIZ (Specific energy absorption), E, #u16fa Ain1sgady
B é o Oy @ o 1 @ -
Wiy lnssadanilen Meudiminvesddlnssafrans lumsmamimsgadundsau
¢ o a 3 S o =2 =2 o 1 At e + a o
Suwizifinnnnsunszunniy desdfladsilesenarwediailioninadomsvu Unana’ly
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FunuIzausagatundInu ldmuanuasovesdaiues eFuausugatuUNG Iy
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PdS
E‘ —_ .[ P Pmean‘S (23)

mass mass
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e

4 ) ar a = 9/
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2.3.6 UszanEmnmsgud
Usz@NEnNu0IMIgudd (Stroke efficiency), S, MUWHI ANVANTOVD
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S
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UszANTNMDINTZ (Load efficiency), P, Mu10896A1@8IUIEHINAINGE
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2.4.2 ANNATIAMIIAINTTY
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W unuURIEEN e INIsa Insead19dndae
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guaalunng 4.2 (7)) MuuuveanseslimumouvIudeullansufzilasslvannssny
& ] ¥ 1
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¥ 3 3 P ¥ 4 & o g & [ o .
nhudeuatull Agudniasveuniesdnaunieaianss (Load Cell) ¥1in Dynamic Load
vy VA o da 4 e JE SU p o
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o 4 at T { & gg’ 4 Y dv 4 ¥
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o ¥ o

Tuamideilazdeaihinsnanssdisitnsnanedess waziinIInAaeIdIens
s 4
fravanneuiiamed TasldTisunsuduSezine FEA %o ABAQUS Awiulsdeansiu
auauiaginavesTagnldlumsisznouTnssarudonou etlouliun Tusunsy
b 4

Qe & o o =) é
Tunsmgaeuifginavesiagiuleisnsdan1nsgIu (Standard Tensile Test) %9
o { o o @ Ao 4 1 4 o -4
dhatasiionldlanill  ausindteldifudetumdnildlunsdlnssadresooud
s 5 o &‘ Ay d’
Tasasvingare vimiwh liugdsunuldduldammnasgumsnagey Tasmsfnuiil
gy & P A o = - a ~ 2
ladesgua lilnaaouiigudmiosdieinumansuazina ulad umInndoma Tuladgsuis
P o G o 1 = o o = o i
wazngudinaluTad lonzuaz Taquvsrd (MTEC) dninnuiannimamaasuazma lulad
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T ¥ 3
AN 4.3 F001BUNURKIUNISNATEUMIAIgIANTANINAYD I

v ¥ ¥ 1
amdl 43 duFuneaeufiriiunisnaaouds (Tensile Test) Taoiludaodianld
ndufuvinguimnaTuladlansuasYaqursnd  (MTEC)  dninanianinnmaniuas

R I3 = A d‘ 57 4 o cg‘ A
maTulaturend (@my) uazninmsnaasylddweniseilduazszozindrvosguaru &
ausahdeyaund@ouns i l@amunmi 4.4

T T T T T r T ¥

0o 2 4 6 8 10 12
Extension (mm)

AT 4.4 1AAINTINYDISZzBA (Extension) 1AZN5E (Load) N 1A INMSNATOUTAY

AR 44 dunsnlildnnnmeaeutagiiedeildlunisadielaseadi

o & © i 4 sy 1 i ’ [ '
sooualaoas  Faninnsezsh hilgmsmamuauidang  wu A lugdannubangu

o 1 3 Qe g 3 o sy ¥ =
(Elastic) ¥833aq uazmnszgage Wudu quaudfiesduvodiogh I uaadlumsiein 4.1
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1 ¥
M99 4.1 guavtiaiiesdunnnisnaaeu g

Width Thickness Area Maximum Load| Gage length
Specimen No. )
(mm) (mm) (mm’) N) (mm)
N1 13.49 0.79 10.657 3305.01 65
N2 12.2 0.88 10.736 3560.54 65
N3 12.9 1.02 13.158 4124.7 65
N4 14.13 0.94 13.282 3850.75 65
NS5 14.37 0.84 12,708 4047.37 65

A19190 4.2 UFAAIAIBENAIN VAU (True Stress) ANUATHAD3 (True Strain) Hazm

Plastic Strain 71 189 1nmsnadovTeg

Engineering Engineering True Stress
) 5 True Strain Plastic Strain
Stress (kN/mm°) Strain (MN/m")
o= % Erom =7§-—1 =Gl +&m) | & =I(l+5,,,) | €” =¢ -—g
1129331 0.0032 113.2950 0.0032 0.0015
118.5798 0.0058 119.2636 0.0058 0.0040
124.2264 0.0103 125.5000 0.0102 0.0084
131.7553 0.0231 134.7958 0.0228 0.0208
138.6566 0.0519 145.8561 0.0506 0.0485
141.7939 0.0872 154.1562 0.0836 0.0813
144.3033 0.1256 162.4344 0.1184 0.1160
144.9590 0.1385 165.0303 0.1297 0.1273

{ 1 o & o w o
Joyah ldnnnsnaaeuuiasgiuez Idmusamszuoyssozyuds Feduwutiuds

1 F 4 1
wanadunsluami 44 sntiuesdeaihainszf 8 luudazanudaadiuanuduma
3#IN35Y (Engineering Stress) HAZAMNUATIANIIAINTTYU (Engineering Strain) HAIRIUIN

a0 ldunuduase (True strain) AUASOADSY (True Strain) LAZAY Plastic strain 1Y
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cylinder2
*HEADING
Aluminum truncated cone with the thickness varies as X, subjectec
31131 compression.

::The geometry of cylinder

*PREPRINT, CONTACT=NO, ECHO=NO, HISTORY=NO, MODEL=NO
k'

**Model Definition

**Conical shell: cone number 2
**Top diameter 27.5 mm.

**Base diameter 68.0 mm.
**Height 85.0 mm.
*%Non-uniform thickness

**Node 32X19 = 608 nodes
**Element 32X18 = 576 elements
:ZExpTicit analysis

*NODE

1, 25.0€-3, 0., 0.

20, ~24.6922E-3, 0., -3.9108e-3

21, -25.0€e-3, 0., oO.

22, 24.6922E-3, 0., 3.9108€-3

3001, 25.0E-3, -120.0e-3, 0.

3020, -24.6922e-3, -120.0e-3, ~3.9108E-3
3021, -25.0€-3, -120.0e-3, 0.

3840, 24.6922E-3, -120.0E-3, 3.9108€-3

*NGEN, NSET=TOPN
s 0,1, , 0., 0., 0.
21, 40, 1, , 0., 0., O.
*NGEN, NSET=BASEN
3001, 3020, 1, , 0., -120.0E-3, O.
3021, 3040, 1, , 0., -120.0e-3, 0.
*NFILL, NSET=ALLN
IQPN, BASEN, 30, 100

**Element
fk

*ELEMENT, TYPE=S4R

1, 1, 101, 102, 2

*ELGEN, ELSET=ELSA

1, 39, 1, 1, 30, 100, 100
*ELEMENT, TYPE=S4R

40, 40, 140, 101, 1
*ELGEN, ELSET=ELSB

40, 1, 1, 1, 30, 100, 100
YELSET, ELSET=ALLEL

EESA, ELSB

**Axis Property and Material
ke

*ORIENTATION, NAME=CONE, SYSTEM=CYLINDRICAL
0., -5.0e-3, 0., 0, -120.0e-3, O

ot

AT 4.6 11EAIAIDE13909 Input Files N1F1uTsunsu ABAQUS

4.4 myaeuMevllsunsn FEA MISmMInaang

2

o 1 P o P b4 o
weldiulehTusunsy FEA AlFammunsalddmeviigndes deandesiuma

=

MIinaaod 1 1dMmsapufsunuU§Iaoamn1e FEA AumInaanense laslunsasuisuee

o QU 0' . . . d
MM saeUNIURUMITMIFUAIBANNEIAN (Quasi-Static Loading) HAZAIFUAIIANNT?
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A

¥ ¥
49 (Impact Loading) Neiidoulvvesuyviranms FEA wateldmilouiunisnanesasa

¥ _ e =Y ¥ 24 o & e =4 ot =) s dy
ummmam"lﬂmzﬂ%umamu PIUTWASIBUAYTIITNITUATHANITDUINDURAIY

=4 -4 ¥ o5 (:
4.4.1 SwazPuAvBIMsasLMBUM AN ITNMITUA AT IR
[ o 4 o o
TuduvesanisaeumsuduMsENIsTUAIEAIUS WIziImInadey
¥ ¥ 1
Fuaundnmeldnmszmsnalunuiuny mszmsda waznszmsta lasFudunldlums
& rg 1 & - 3 ar =y
naaeuluFua S UL e Inseadiadiudnans 3 uuv saldesuieniuds
4.4.1.1 MINAABIDIA
t a” ¥y ¥ A < P o
MInaneRIuil 14 14iaseanagoumIAeLaznIInaa NN 1de 511

] 9
Blwiden 41 WweSemamey  lumsnanesdildnisemsnadisanuduuudn
3 o =y o A’f 3 1
Tnssadreildhmsnageuilulasadaasuanudussie 3 wuy Aldnansiudoya
3 o 1 ' 3 1
INGADS DUUA laesa1ae laun 1) mMsasnuuvuuiuuuiuey 2) msdsuuunieyNuay
¥ o & g = So‘ﬂ cf 4 ¥ as = £ Y a
3) msdssuuaduiular Fesuaunladuiunuiadunniagess wazlvnamiiiusine
. ] ar 1 ar m" 1 $
voalnseadruaSuanuuduisvedsotid 1 909 dnvmzvesFunuuuuaeah 1 lums

naavaalunImm 4.7

v

$ : $ H 3 -3 af 1§
MNN 4.7 vansvuaiuvedlassad o uiudmsuisiunmsnaaey (n) NsAouuUYLIY

Tuuiveu (¥) msdouuunuesyy (A Massuuvaduivla

1A 4.7 uansTasseddunasuanuudasdudhesaoud
Tawesiflunsnaaey lumsnadeuszdmsnaaeudionisy 3 wuufinseieeiy fe
1) mynagaumeldmszmsnalusuiunu 2) meldmszmsda 3) meldnsznisia Taslu
usagmsgmanagouszldlnseadnidens 3 wwudandumda dnvazmssanaazms

nageufunsoanaaey uaadluning 4.8
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(W) MIZUUAA

(3) WmIsINATUNITUA

(M) NMsguuula

; s a oy d 4 ' 2
21 4.8 uaaunsosilonadvvumelutalassadeilFlunmsnaasudlionise e 3 uuy

] w
MNAMA 48 uaasdnyuzmsAnAaznIsnaasInseadi
3 ¥ a ar - ] ¥ Aaw 3
aMuldmszuuume Taonmi 4.8 (0) uaasdnumzmsiuialassadrsisunisediousena
Tunvunu Mwi 4.8 () uaasdnyazmstutalassadhaneldmsnaasudloniszuvuda
T - o o &R ay o ~ g n: ar e ' 4
AR 4.8 () uaz Q) uaasdnymemMsIuiasunuRsumszsuuute Welinueinideld
O A ¥ ¥ lﬁg’ ‘2“6 -y Y ¥ 1 o
wanngUnsaliesiolumsadensyanldfundunuiu@udie  weldiwdenisniu
kd
€1 1e szueusneB s wazdeavedITMInaassU B Aese TUT
(1) MInaaeuMIzMIvHluuIUNY (Axial load)
] kd
lumsnagevezIfinsSemaroulasldnissununanseidusuay
g d g e o o = & o ¥ gy A A d ¥ oo
2019919 e lAlimseenuuudtuiaiesssiyinsadshldnaasumuduaniios dulaas
) b d [l ¥ ¥ b d [
Tumni 4.8 (n) FununlFlumsneaeuiuiiviailndifeadu Ae FuarunadesuuvvuIui
> b d + 1 4 b d 1]
Wmin 1.7 kg Funufideuvunusayuuazasuuvaduiiudarliimin 1.65 kg Fuanunly
~ =3 ¥ ﬁy
lumsnasuiauianauniig 250 mm uazend 480 mm anuAazFulinnurunlseun 1
¥ +
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1. f3981aNIMMIUAINAITIN 5.1

fethanansmuiaved Inssadefidsuuuvu Y (Experiments)
1.1 manageumaldni szuiunaluuMIuny (Axial load)
N1311 Energy Absorption, E, i’fﬁgamﬂmsmﬁw P . =11.47kN, Stroke =

mean

4
60 mm, 478 = 1.67 kg Fvi1 lAvnaunis

E, =P, Stroke

E,=11.47x60

E,=688.2 Nm
e p - Mszmdennnisnadey

mean

Stroke = SLUTYUAINNNINATDY

M1 Specific Energy Absorption, E_ aunsamnwasnugadudumz 14

IINTUNTI

E =688:2 Nawkg
* 167

E, =142.1 Nawkg
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drededeaumudeyaluaisian 5.1

1.2 MIsnATeuMElAn1IzuUVAA (Bending load)

mean

M3 Energy Absorption, E, mﬂ%gamsmﬂau P =301kN,(8)=0.17

- 4 o2
IS8, 1IA = 1.67 kg, Moment = 526.75 N.m #4111 1aaail

Moment= P

mean xr

We P =mszmasnidnsgidulaseadie, N

mean

¥ = Sadianuuausadaganyuves nssadig, (175) mm
ausamIfIMsgatundInunINmsaa ldvnaums
E,=Momentx0

Ea =526.75x0.17

E =89.55 Nm
a

SN Specific Energy Absorption, E ATOMIMINAINUGAFUTUWILIN

msaaldnnaums

E =52 Nawkg
© 167

E, =53.62 Nam/kg
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Aot eaumudoyaluaisieh 5.1

1.3 msnageumeldniszuyuiia (Twisting load)

=2,13 kN, Moment =

mean

A15U1 Energy Absorption, E, mﬂi’fay,ammﬂmu P

v
148.92 N.m, (8) = 0.28 151A8U, 170 = 1.67 kg, Fav1 18l

Moment= P xr=213x70=148.92 kN.m

mean

gio P =mszmavildnseidulaseadia, N

mean

r= ﬁ"ﬁﬁmamam'ﬁﬁl%"lumsﬁﬂ, (70) mm
AsamAImsgadunasunnmsalannauns
E,=Momentx6
Ea =148.92 x 0.28
Ea = 471.67 N.m

N113¥1 Specific Energy Absorption, E mmsm«1€i1w§aam@ﬂ«ffuﬁu‘w1m1ﬂ
s

msfa ldnaums

£ =467 Mg
167

E =53.62 Nmkg
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v sy oy Y =
ﬁ38&13%13@1&@1&%@}3@11&&’13'N‘YI 5.1

2. A29EINIIMUINDINATINGT 5.3

dred1HansmuInvaEd InssadedudandeuuuvuIy (FEA)
2.1 mInageumeldnisznisviluumauny (Axial load)
A3H1 Energy Absorption, £, 903Ja1n5naaoy £, = 207.32 kN, Stroke =

mean

2
320 mm, ¥ 1@ nauns

E, =P, . Stroke

meart

E, =207.32x320 = 66.34 N.m
E, =66.34 Nm

e p = ASLNAYNNITNATDU

medan

Stroke = 3zpzyUAINNMINATOY

¥y o
2.2 m‘i‘nﬂaa‘umﬂmmmnﬂmm‘smmﬂ

1511 Energy Absorption, £, 1n¥ayamsnaaey P,,,= 170.15 kN,

mean

=5 é or ::y
(8) = 0.077 151AYY, Moment = 709.94 N.m Ban1 JAA 51

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

mean

dlo P =nanzmasilenseinulaseade, N

mean

o 2
F = Satinnuuansedetlarsdunitaealnseadhs, 4.172) m
aunsamImMMIgAFuNAINUYINNISAR IAaInaunIs

Eg=Momentx8
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Ea =709.94 x 0.077 = 54.67 kN.m

3. ABYIAMIMUINNINAITIAN 5.4

FretawamsiuIneeInsnageuMssuves Inssadrmdnidenu
daseita 3w
3.1 MminageumealaniszuuunaluuuIuny (Axial load)
A15¥1 Energy Absorption, £, $03Ja0InMsnaaey F,,,, = 255.75 kN, Stroke =

mean

4
600 mm, 470 = 197.51 kg Fn1 1dnnaums

E, =P, Stroke

mean

E, =25575%x600=153.45 kN.m

A2069MIAUIUNT Specific Energy Absorption, E_TMIS0NIATHANILGA

Fusuwiz ldnauns

E,=—te
mass
3
15345X10° 000 Nk
197.51

3.2 MInaaeuMalin1szuUAA (Bending load)

11311 Energy Absorption, E %’J'mgainﬂmmﬂﬂau P =2862KkN,(6)=0.2

meati

151A8U, Moment = 119.42 kN.m

Moment = P xr=2862x4172=119.42 kN.m

mean

fle P =narzmasildnsziidulassade, N

mean

o

v &
r = Sasinnunaus sosdaredunilavedlaseadhy, 4.172) m


http:255.75x600=153.45

E, =Momentx@

E,=119.42x0.2 =23.88 kN.m
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A0U19N15AIUINUNT Specific Energy Absorption, E_@11150WIAITNAITUAA
s X

Fusuwiz ldnnaums

E

E =—¢
mass
3
120924100 o) N
197.51

3.3 manageumalaniszuuuiia (Twisting load)

N1311 Energy Absorption, E, mﬂ%gamswﬂﬁeu P ...=10.94 kN, Moment =

mean

¥
o A

P &
12.85 N.m, (8) = 0.48 151A8, I8 = 197.51 kg, Fav1 ladail

Moment= P xr=1094 x1.175 =12.85 kN.m

mean

e P =mszmavhlenszidulaseadie, N

mean

r = $atlvesnnuni Inssadandan, (1.175) m
asemmmsgatundanuennsia lAnnaums

E =Momentx6

Ea =12.85%0.48 = 6.17 kN.m
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E =t
5 mass
3
E =_6_-£"_1_0_=31_23 N.m/kg
§ 197.51
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4
NANINATBY P, =238.65 kN, Stroke = 550 mm, 478 = 190.36 kg F¥an1 Ida1naums

mean

E =P Stroke

a mean

E, =238.65x550=125.85 kN.m

We p = MILUNBENNIINATDY

mean

Stroke = 33uzgUMNINNIIYY

msmismAsnugaduduniz (Specific Energy Absorption), E_ midnnaums

E, =Lo
mass

£ 12585 (oo o Nk
190.36

el

5 s ' ) P = o °
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