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ANALYSIS/ROLL OVER/FINITE ELEMENT METHOD

Bus production in Thailand has been going on for some time now. The chassis
come from abroad. Building the bus body in this country is one way to reduce the cost
of production. But to build an efficient product, design and engineering calculations
are absolutely essential. Since the creation of the bus, it has had an impact on many
people’s lives. The government has to play a role in determining safety standards of
buses by emphasizing the strength of the structure in the case bus has an accident. The
collapse of bus structure will not reach a level where passengers are harmed. To test
the structural strength, calculations will be based on mathematical modeling and
software packages to help solve this problem. Although not completely identical to a
real accident test, it can provide information and raise the level of safety at a much

lower cost.
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3. Parasolid (*.x_t*, *.x b*, *.xmt*)

4.  ProE/NX/IDEAS/CATIA V5 Elysium Neutral (*.enf*)
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l..
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Y ' ° [
WIMIiNsINgIgavedsn laea1sju CG 280 gniirua 13N 18,000
a % 90’ (%3 % a‘/ =) L% % g‘/ BOI % { o
Alansy miinTasaAadianue 2,914.23 nlansu aauiiminnaszriauulaseaiiase
Tagmsflinngaga 15,085.77 nlaniu Tasimualdmsznssulunaazaruawaasluaisien

3.1

A390 3.1 MIzAITuNnsznuIaseadanan

Area Load (kg.) Load (N) Load/Unit Area (Pa)
Front area 450.00 4,414.50 9,596.74
Middle area 2,846.00 27,919.26 10,264.43
Rear area 1,061.00 10,408.41 4,196.94
Distribution area 10,728.77 105,141.95 18,576.31
Sum 15,085.77 147,884.12 42,634.42

{ o a R~ 1
Taseadamhndias izt Iassad aunanainnue 2.63 1as

9
% Y

vy H 1 1 (% =) u
Aihminnnszihasuu Taseasesiauminy 2,397 nlansuy
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3.2.2 Property
9 ]
A¥0 g MmuanuauiavesiaquazmuanuuIveslnssadie lag

o Y A a o'tdyd <3 = v o dy
Jﬁﬂﬂlﬂﬂjﬂiﬂﬁ’ﬁ\iﬂﬁlcﬂuﬂﬁ’uﬂi1$ﬁuﬂﬂ!ﬁﬁﬂ SS400 UAUANUAAIU

Density 7800 kg/ m’
Young's Modulus 210 GPa
Poisson's Ratio 0.29
Stress [MPa] === Stainless Steel RST 4003
e Steel STKR 400
500
400 s —
-
300 ’ \
[ \
200 ’ [
/ i
100 Ji !
0 Strain [mm/mm]
0 0.05 0.1 0.15 0.2 0.25

! ¥ w ' [
317 3.7 n9luaaIn NUFUIRUTIEN IS Stress 1AZ Strain VOIIA

Stainless Steel RST 4003 itas Steel STKR 400

11n3UN 3.7811501A1ANUFNWU T2 1319 Stress 118 Strain Y0 Tdg)

= g <] 9 1 . o ~ Yo 2
Steel STKR 400 F1utranvod 1n5ea31950 w09 Plastic NTAIAIAIT19N 3.2 “lﬂmu

A1379% 3.2 ANUFUNUT5E1I1 Stress (Pa) 11AZ Strain Y09779 Steel STKR 400 374 Plastic

Stress (P1 | Strain (P1 | Stress (P1 | Strain (P1 | Stress (P1 | Strain (P1 | Stress (P1 | Strain (P1
astic) astic) astic) astic) astic) astic) astic) astic)
2.70E+08 0 3.60E+08 0.018 3.95E+08 0.036 4.15E+08 0.054
2.90E+08 0.002 3.65E+08 0.020 3.95E+08 0.038 4.15E+08 0.056
3.10E+08 0.004 3.65E+08 0.022 4.00E+08 0.040 4.15E+08 0.058
3.20E+08 0.006 3.70E+08 0.024 4.05E+08 0.042 4.15E+08 0.060
3.30E+08 0.008 3.75E+08 0.026 4.05E+08 0.044 4.15E+08 0.062
3.40E+08 0.010 3.80E+08 0.028 4.05E+08 0.046 4.18E+08 0.064
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{ % o J v o 1 1
@15']\1‘17‘] 3.2 ANUAUWUTISHIN Stress 1AL Strain YDIIAF Steel STKR 400 B9 Plastic (919)

Stress (P1 | Strain (P1 | Stress (P1 | Strain (P1 | Stress (P1 | Strain (P1 | Stress (P1 | Strain (PI
astic) astic) astic) astic) astic) astic) astic) astic)
3.45E+08 0.012 3.85E+08 0.030 4.10E+08 0.048 4.19E+08 0.066
3.50E+08 0.014 3.85E+08 0.032 4.10E+08 0.050 4.20E+08 0.068
3.55E+08 0.016 3.90E+08 0.034 4.15E+08 0.052 4.20E+08 0.070
4.22E+08 0.072 4 .22E+08 0.112 4.08E+08 0.152 3.60E+08 0.192
4.25E+08 0.074 4.22E+08 0.114 4.05E+08 0.154 3.55E+08 0.194
4.25E+08 0.076 4.20E+08 0.116 4.05E+08 0.156 3.55E+08 0.196
4.25E+08 0.078 4.20E+08 0.118 4.05E+08 0.158 3.52E+08 0.198
4.27E+08 0.080 4.18E+08 0.120 4.02E+08 0.160 3.50E+08 0.200
4.27E+08 0.082 4.18E+08 0.122 4.00E+08 0.162 3.45E+08 0.202
4.27E+08 0.084 4.18E+08 0.124 3.98E+08 0.164 3.42E+08 0.204
4.27E+08 0.086 4.15E+08 0.126 3.95E+08 0.166 3.40E+08 0.206
4.27E+08 0.088 4.15E+08 0.128 3.95E+08 0.168 3.35E+08 0.208
4.27E+08 0.090 4.15E+08 0.130 3.92E+08 0.170 3.35E+08 0.210
4.27E+08 0.092 4.15E+08 0.132 3.90E+08 0.172 3.32E+08 0.212
4.27E+08 0.094 4.15E+08 0.134 3.85E+08 0.174 3.30E+08 0.214
4.25E+08 0.096 4.13E+08 0.136 3.83E+08 0.176 3.25E+08 0.216
4.25E+08 0.098 4.13E+08 0:138 3.83E+08 0.178 3.20E+08 0.218
4.25E+08 0.100 4.13E+08 0.140 3.80E+08 0.180 3.15E+08 0.220
4.25E+08 0.102 4.12E+08 0.142 3.75E+08 0.182 3.12E+08 0.222
4.25E+08 0.104 4.12E+08 0.144 3.73E+08 0.184 3.05E+08 0.224
4.23E+08 0.106 4.12E+08 0.146 3.70E+08 0.186 2.99E+08 0.226
4.23E+08 0.108 4.10E+08 0.148 3.68E+08 0.188 2.90E+08 0.228
4.22E+08 0.110 4.09E+08 0.150 3.65E+08 0.190 2.85E+08 0.230
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3.2.3 Assembly
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3.2.5 Interaction
. I o Aaan &1 A A w v v A tg a
Interactlon%Zlﬂuﬂ'liﬂﬁ/iuﬂ‘l]aﬂiEHGUENWuW’JVIﬁiJWﬁﬂuﬂ’E)WMW’JGIJ’ﬂQ
9 A [ g ] ] = d'dy o v W 1 9 A
Iﬂiﬂﬁﬁ?\iﬂ%%ﬂi&‘ﬂ‘ﬂﬂ‘UWM’NL‘]Ju@fJNUlﬁ “lNiu‘Vll!fﬂiﬁiJNﬁﬂui%‘H’JNTﬂﬁﬁﬁiNmEWIﬂ

j} = o Y 1
ﬂi$‘VI°U1Nuﬂ’E]uﬂiﬂ%$ﬂ1ﬁuﬂiﬁuﬂ1ﬂizn1m 0.3
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311 3.9 Interaction 55119 TAs 3031950 TagasnuY

3.2.6 Load
1 1 A o 1 (% 1 < wg
Tausean q Ansginneing Taontiseemiuail
1. Gravity lasusaTdfuanaveslandio 19 Insesafeannsannasuinseny
Y

Y
W ldee199ase TagausaTiuo19uuA NN 9.81 m/s’

4
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3.2.7 Mesh
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3.2.8 Visualization

<) o v A a ¢ L !
Module Hidu Module 13d1m5uaainlaninnisiiasizianedu 49 VR g

QU

. 9 = Y dy
reference point V04 1ATIA519NMANY

2
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Mame: _VR:VR3 PL BUS-1 M: 12394
X Y -
AU LY -Louiug
104 2.06 -1.94561
105 2.08 -2.02607
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107 212 -2.1943
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3.3.3 Predefined Field
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3.3.4 Residual Space
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3.4.3 Visualization
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3.5.4 Visualization
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210 2 Naamasiu 3.2 Naawas

__ L_____‘

i
|
i =
e =
i
!
___

<)

a A

ANNAOIVUIA 50 x 50 HAAWAT WU 3.2 Taaas

{ o 1 S o
517 3.25 Tasandsmdooianaa 1A n



3.63 1 support 1 tiunannaeauina 50 x 50 AaamnIH 3.2 Naauns
(G 3.18) iierIBs0 T DS INIZIMAN AT HIRs 98319

a o =
UANTHUYIUINNINVYY

L

[ ) 4 Y v
51111 3.26 Support 1 1BFIBTOITVUTINTZANNMAINIMNIEAIVRI TATIAS 1MUUN 3

3.6.4 Visualization

[

J A . Y A dy
A1 VR M19A reference point Y09 1ATIAT NN

2

VR1=0 m/s
VR2 =0 m/s’
VR3 =-22666 m/s

a ddy ' 9 3 1A a S
LLﬁ8i)"lﬂﬂTi’Jlﬂﬂ%ﬂut’m1ﬂ6uiﬂﬂﬁﬁﬁﬁﬂﬂig‘VI“]JW“LJ’f)Q‘VI 2.40 3UMN
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Mame: _VR:VR3 PL BUS-1 N: 38486
X Y o
92 2.275 -1.76935
93 2.3 -1.56144
94 2325 -1.95726
95 2.35 -2.05678
96 2,375 -2.15993
97 | X -2.2666
98 2425 2.0206
99 245 191334 [El
100 2475 1.80013
101 25 170803
Quantity Types

X Time EI ¥ AngularveloEl

oK Cancel

A 1 a A . 9 A ' dy
gﬂ‘ﬂ 3.27 A1 VR3 2 1721 2.40 7UINNTA reference point Y04 IAFIAI1UVUN 3 NOUNTENUNY

a d Y 1 d'
3.7 eanuuutazInIztilassaalvivessalagasuuun 4
a I'd 9 1 glz d' d’ = g}; 1 a
1NNMIUATIENNMT00NUUD IATIET1 IMUATIN 3 1HoQANMTIMIBUUND LTI
g’/ F) v A = 9 ~ 9 =3 dy ~ [ (]
EIND19Y0TDNIA 0T NTURAA MM T e Ve Tas a3 1eigun TUdsnuidaoanveg 19
Y o KR Y (v a ] 1 [ g
AveveladSul e nuainaail
371 wWaswlasvinamidnnadesvedlassaiavusnalasariasmyiandu 50 x 75
Naamnsriv 3.2 Naawns (319 3.24)
372 Tnsandanidesvinamian 50 x 50 Aaamns ¥ 3.2 Aaamas (31N 3.25)
3.7.3  1iid support 2uihuridnnaesuina 50 x 50 Aaduns vl 3.2 Naauns

d' \ (% g’l Y IS < tg
!‘INiz)‘liT.IfJii’)xﬁ‘]J!!i\1ﬂig!!‘VIf’mx‘i‘ﬁﬂ!ﬁﬂmﬂiﬂﬁi"NNﬂT.IHJ!HN!!iQSﬂﬂSUH

e

A < 1 a A A A
E‘IJTI 3.28 Support 2 (HANNABDIVUIA 50 x 50 UAaANAT Y U1 3.2 UDALUAT



[ ) H Y v
5111 3.29 Support 2 1NBFIBTOITVUTINTZUNAMA NI NIEVR TATIAS 1UUN 4

3.7.4 Visualization

[

J A . Y A dy
A1 VR M19A reference point Yo laTaadnumaail

2

VR1=0 m/s
VR2 =0 m/s’
VR3 = -2.26603 m/s’

a o’d’l ' 9 d” 1A a =t
LL’ﬂ$ﬁ]1ﬂf‘l"l'i’Jlﬂﬂ%ﬁut’m1ﬂ6u1ﬂﬂﬁﬁﬂﬂﬂﬂi%‘l’l“]JWL!’f)Q“l/l 2.40 3UMN



57

Mame: _VR:VR3 PL BUS-1 N: 38473
X Y -
94 2325 -1.95676
95 2.35 -2.05626
96 2375 -2.15939
97 24 -2.26603 |
98 2425 208402
99 245 197684
100 2475 157282
101 25 177203 [E
102 2,525 167451
103 2,55 158024 -
Quantity Types
X | Time EI ¥: Angular\reloE|
I oK ‘ Cancel

d‘ 1 a dd’ . 9 d' J ti’
g‘]J“I/] 3.30 A1 VR3 &1 1701 2.40 I1UINNYA reference point V04 IATIATNUVVN 4 NOUNTENUNY

a 4 v v d'
3.8  eanuuuUtazInIztilassanalmivessalasasuuun 5
A P 9 v YA A = g T oA
1NNIUATIENMT0NUUD IATIET I IMUATIN 4 1oQANNTIMIBUUND LTI
3 9 v oA = 9 A 9 = ‘&1 A o ]
LEINANVBITDNITOITTUNAA N T8V TATaa 3 1wigut ldenunlasanveg N
9 o K Y (v a [ 1 [ dy
AveeladSulzeusnudinanal
3.8.1 rlasuwmlasvinamiannasdveslnssadavsnalasaraamyantily 50 x 75
NadmnsHiu 3.2 Naamns (310 3.24)
382  TnsanaIngesvIAman 50 x 50 Aaawas ¥ 3.2 Naamas (3N 3.25)
w [=3 \ a A d‘
3.83  HAINUKANNOUVMIA 50 X 50 Naawas 1asunlasanurivnoin

1.5 Naauastilu 2 Naawnas
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{ [ <} 1 A A a A
gﬂﬁ 331 HAAUWANNDUVUIA 50 x 50 WAANAT YU 2 UadlUAT

HANMUUIIVINA 50 x 50 Naawas 1lasuulasnnuvinon 2.3 Naawas

11 3.2 Faawns

1 <3 A A Aa A
517 3.32 manaudevie 50 x 50 Taawas wul 3.2 Naamas
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3.8.5 Visualization

[

1 d‘ . 9 a0 dy
A1 VR N1@ reference point V04 1ATIAI19NMAI

2

VR1 =0 m/s
VR2 =0 m/s’
VR3 =-2.22921 m/s’

a (dy ' 9 dy 1A a =
1,Lazmﬂmmmﬁwunmﬂauquaswmﬂizmuwuagm 2.45 UM

Mame: _VR:WR3 PL BUS-1 N: 38196
X Y -

94 2335 -1.74929
a5 235 -1.83835
96 2375 -1.93093
a7 24 -2.02698
98 2425 -2.12645
99 L3 222021 |
100 2475 200808 B
101 25 1.90515
102 2,525 1.30515
103 255 170814 7
Quantity Types
X | Time EI ¥: Angular\reloEl

oK Cancel

A ' a  AadA \ v A 1 X
317 3.33 A1 VR3 @1 1781 2:45 TU1NNYA reference point YBIIATIATIUDN 5 ADUNTZNUNY

a d Y v a
3.9  eonuubNaz N IzHIAIIA3 19 HNVRII0lAgaISUVLN 6
a 4 9 1 g’; d‘ d' = g’; 1 a
1INMIAATIEHNMT00ALUD TATITT I HUATIN 5 (MBQANITEMIBUUN LTI
9 9 v A = Y A 9 =2 dy A (Y l
@INA19VBIT ONIA DIV NTURAANN T v Tassaienguid T deiuilaeasseg na
9 o R Y (v 2 @ ' o X
AveveladS vl ensnuaina Al
391  lasulasvinamannassvedlnsiadausnalnsinaimyanIn 50 x 75

Naawasilu 50 x 100 Naawuas viul 3.2 Naawns
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& __\\V

a A

a0 50 x 100 UaAUAT WU 3.2 Vaaluag

<3

A9 VA

Snmanaal

NN

[

319 3.34 Tasaw

nagumlasvinamiannassveslassad19usNalAsIviaIMEoea1n 50 x 50

3.9.2

a A

v 50 x 75 et v 3.2 Naawns

Haatuasl

a A

a A

A0 50 x 75 YAAWAT U1 3.2 Haaluas

<3

~ @ 1 < [ 9
ETJV] 3.35 Iasearasmdearianan 1ae vuam



3.9.3  19iu support 1 tunannaeauina 50 x 50 AaamnIHM 3.2 Naauns

(G 3.18) iierIBs0 T DUs INsTIMAN aHMET I nssa319R

mmuﬁamemn;ﬁu

L

X 4 9 v
511 3.36 Support 1 1BFI0T0IFVEFINTEUNAN@ NI NIEEIVRI TATIAS 1MUUN 6

3.9.4 Visualization

1 d‘ . 9 = Y] dy
A1 VR N9A reference point V04 1ATIA519NMAI

2

VR1 =0 m/s
VR2 =0 m/s’
VR3 =-2.31595 m/s’

a (dy ' 9 49’ 1A a =S
LLa8"l]1ﬂﬂ13’JLﬂiT%‘ViMl’Jfﬂﬂ@HIﬂiﬂ’diN@]ﬂﬂi%‘ﬂ‘]J‘W“L!’f)Q“VI 2.05 UM
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Mame: _VR:VR3 PL: BUS-1 N: 40212
X Y -

9 L 15U
B0 1.975 -2.00176
81 2 -2.10295
82 2.025 -2.20773
83 205 -2.31595)
84 2075 1.99992
85 21 1.89257 (=
86 2125 1.78823
87 215 1.68696
88 2175 1.58875
Quantity Types
X | Time EI i Angular\reloEl

| 0K | | Cancel |

d‘ 1 a dd’ . 9 d' J ti’
g‘]J“I/] 3.37 11 VR3 &1 1701 2.05 IUINNYA reference point V04 IATIATNUVVN 6 NOUNTENUNY

a J: v |l d'
3.10  @dnuMUUMAZIATIZHIAT a1 HNYeII0 s SUULN 7
A P 9 v YA A = g " oa
1NNIUATIEENMT0NUUDIATIET 1IN INUATIN 6 1oQANNTIMIBUUND LTI
g Y o a = Yy A D) = & A o '
LEINANVBITDNITOITTUNAA N T8V TATaa 3 1wigut ldenunlasanveg N
9 o K Y (v a [ 1 [ dy
AveeladSulzeusnudinanal
3.10.1 nlasumlasvinamannassveslassadausnalasavasnmvianilu
50 x 100 AoauAs 1 3.2 Haamas (3U1 3.34)
3.10.2 nlasumlasvinamiannassveslassaiiausnalasavasmdemily 50 x 75

Naamas v 3.2 Naamas (311 3.35)

v
a

3.10.3 19 support 2 1HuHanna0IUIIA 50 x 50 AaawATHU 3.2 Naauns
(U7 3.28) e Iase S LS INsZIMAN IHNIENT# IR a3

= < lé’
HANNUYUULIININUVU



L.

H i) H Y v
517 3.38 Support 2 1NBFI830IFULTINTZUNDAANIMNEIVDI TATITSWUDUN 7

3.10.4 Visualization

1 d' . 9 a1 dy
A1 VR N7@ reference point o3 InTIas1NNMmALL

2

VR1=0 m/s
VR2=0 m/s2
VR3=-2.21092 m/s’

a (dy ' 9 49’ 1A a =
LLﬁ%mﬂﬂﬁﬁmﬁ%ﬁunﬁWﬂ@uIﬂﬁﬂ’diNﬁﬂﬂi%‘ﬂﬂwui’)gﬂ 2.325 73U
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Mame: _VR:VR3 PL BUS-1 N: 40188
X Y -

89 22 -1.73083
90 2225 -1.81977
91 2325 -1.9123
92 2.275 -2.00837
93 23 -2.10795
94 [ 2325 -2.21092 |
95 235 20521 |E
96 2375 1.94684
97 24 1.54452
ng 7 A0E 1 74EM >
Quantity Types

K| Time EI ¥ Angular\reloEl

A 1 a A . Y =
g‘ﬂﬂ 3.39 A1 VR3 2 1381 2.325 IUINNYA reference point Vo4 IATIAS VDN 7

9
AOUATENUNU

a d !
3.11  eonuuuMazIATzHInTIad19lnvesalasaSUUUN 8

a 4 v oA 4 g ' Q
fﬂ”lﬂf‘ni’Jlﬂ§1$1’if‘lTi’f)’f)ﬂll‘]J‘]JTﬂiﬂﬁ%}NGlﬁiJﬂiﬁﬁ 7 Lﬁa@ﬂmm?fﬂmﬂuuwmmmm

g Y o a = Yy A D) = & A o '
LﬁWﬂﬁ'N"’U@\ﬁﬂVl\‘]ﬁ@\?sU'Nﬂﬂlﬂﬂﬂ?ﬂuLﬁﬂﬁ'lﬂ‘llf]\‘]Iﬂi\‘]ﬁi"l\?VIQ‘]JL‘U']ll‘]JﬂQWUVIﬂﬁﬂﬂﬂ'(’J’E]Q NN

9 o K Y (v a [ 1 [ dy
AaveeladSuljeusnudindal

3.11.1

3.11.2

3.11.3

d' < \ Y a U [V
wasumlasvinamannassvedlassaiausnalasavasmvianiu
50 x 100 Haamas viv 3.2 Haamwns (3U13.34)
nwasumlasvinamannassveslassaiisusnalasarasmeaenili 50 x 75

Haamas viv1 3.2 Naawas (310 3.35)

v
a

113 support 3 1ilriannasavinm 50 x 50 NaauAsviv 3.2 Naamuns

v v
A 0

YIS VNSINTZUNNNIHNENTHIAsIa 3 g

= o 1
HAITHUYULIININUYH



L. ==

{ =} 1 a A a A
gﬂ“ﬁ 3.40 Support 3 tHANNABDIVUIA 50 x 50 UAALNAT 1 U 3.2 UaaluaT

H i) H Y v
517 3.41 Support 3 1NBFIBIVITUTINTTUNNAANIMAEIVDI TATIASWUDUN 8
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66

Visualization

[T

1 d‘ . 9 a0 dy
A1 VR N1@ reference point V04 1ATIAI19NMAI

2

VR1 =0 m/s
VR2 =0 m/s’
VR3 =-221022 m/s’

de 1 9 dy 1A a =
ﬁ%‘ﬁul’!ﬁWﬂi’)uIﬂiﬂﬁiﬁ@]ﬂﬂi%ﬂ‘uwuﬂg‘ﬂ 2.325 73U

Mame: _VR:VR3 P
X
90
91
92
93

I: BUS-1 N: 40258

94 l

95
96
97
98
99

Quantity Types
K| Time

Lok |

Y Fe
2225 -18192
225 -1.91169
2275 -2.00774
23 -2.10728

2325 -2.71022 ]

235 198903
2375 188371

24 178123 |E
2425 168164
245 1.58495

E| A Angular\reIoH
I Cancel

511 3.42 A1 VR3 ariaan 2.325 7u1#N9A reference point Y01 Ingaa31auuun 8

' &
NOUNITSNUNU

a J: H
3.12  eonuuuMazINNzHiInTIaInvesIalasaISHULN 9

a 4 9 ] ?zlz { 4 g}; 1 A
1INMIAATIZHNMToenuUD TaTsai e InuaTIn 8 iegANUTeM BT UND TN

¥ 9 v A = Yy A 9 =2 dy ~ (Y l
La']ﬂfl’]\?mﬂ\iiﬂﬂ\?ﬁ@\mﬂ\?fl\uﬂﬂﬂ’]']lllﬁﬂﬂ1st]J’t‘]\3Tﬂj\clai1\1VIQUL6]J’]]‘11JQ\1WUT]TJQ@@5]ﬂ@g NN

Ha9674 1415

3.12.1

3.12.2

3.12.3

=) (%] 1 U da’
YFIUTNUAINA1IALIL
d' [~ T Y =Y U [V
wasumlasvinamannassveslassaiavsnalasavasamvianiu
50 x 100 aauA3 1N 3.2 Naamas (U1 3.34)
wasumlasvinamannassveslassaisusnalasariaimeaemii 50 x 75
Hadmas viv 3.2 Naamas (31N 3.35)
HAINUHANTDUVINA 50 x 50 Naawas nlagunlasanununan

1.5 Naamanilu 2 Hadwns (31U 3.31)
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3.12.4 1HANMUTIVINA 50 x 50 Naawas nasuulasanuynnan 2.3 Naamas
i 3.2 Naawns (53U 3.32)

3.12.5 Visualization

[

1 9
A1 VR 1199 reference point U943 Insaielinaail

2

VR1=0 m/s
VR2 =0 m/s
VR3 =-2.25485 m/s’

a P 1 9 X = a a
LLa$i]1ﬂm'i’JLﬂ‘iW‘Viunmﬂ@uIﬂNﬁiNﬁﬂﬂ‘iz‘ﬂuwu’ﬂgﬂ 2.325 31U

Mame: _VR:VR3 PL BUS-1 M: 39937
X Y o

90 2225 -1.86348
91 2.25 -1.95632
92 2.275 -2.05255
93 2.3 -215211
94 2325 -2.25485
95 2.35 203933
96 2375 1.93836
97 24 18404 (5
98 2425 1.74552
99 245 165373 _
Quantity Types

X | Time E| ¥ Angular\relolﬂ

A 1 a A A . Y =
g‘ﬂﬂ 3.43 A1 VR3 2 1981 2.325 IUINNY4A reference point Vo4 IATIAS VU 9

9
ADUATENUNU

4 Y || 4‘
3.13 99ﬂ!!ﬂﬂ!!ﬁ$§!ﬂ§1$ﬁiﬂ'ix‘lﬂ'i1ﬂiﬁumﬂﬂﬁﬂjﬂﬂﬁ1illﬂﬂﬂ 10
A P 9 v YA A = g " oa
MNMIARTIzHMsoonuul Inssaielnuasei 9 iegaNTeIeiun TN
Z Y o a a Y A D) o & 4 @
EINA9Y0T NI NTURAA NN T e wve Tas s engu TUfsiuidaeanveg g
Y o KR Y (o a @ 1 [ dy
Aaveveladsulansnaainanac
3.13.1  nasumlasvinamiannassvadlassadausnalasavaimyantazlasg

viaamgaeilu 50 x 100 Naamunsviu 3.2 Naamns
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$ [ Y] Y] ] <3 [ 3 Aa Aa
5U7 3.44 Tnsandsnmanias Insenaimesamanaa Insuuaman 50 x 100 Haamias

U1 3.2 Vaaluasg

3.13.2 WA UHaANNaHUMIA 50 x 50 Naauas nagunlasnnunuan

1.5 aamanilu 2 Haawas (U 3.31)

3.13.3  IHanMUTI9vIA 50 x 50 Naamas wasvmlasnnuvinain 2.3 Naamas
i 3.2 Hadwns (53U 3.32)

3.13.4 Visualization

e

1 A . 9 = v A
A1 VR N19@ reference point oI 1ATIATINAIA

2

VR1=0 m/s
VR2=0 m/s2
VR3 =-2.22661 m/s’

a o’dy ' 9 &I 1A a S
LLﬁ3i]"Iﬂf‘lTi’Jmﬂ%‘ﬁu&’m1ﬂ6uiﬂﬂﬁﬁﬁﬂﬂﬂig‘VI“]JWL!’EJQVI 2.325 UM



Mame: _VR:VR3 PL BUS-1 N: 40415

X -

90 2.225 -1.33974

91 2.25 -193146

92 2.275 -2.02656

93 23 -212498

94 2325 -2.22661 |

95 235 2105462

96 2375 195334 [g]

97 24 135503

98 2425 175975

oa 2458 1 RRTSA
Quantity Types

K| Time EI ¥: AngularveloEI

Cox ]

Cancel

Step: Step-l  Frame: 93
Total Tim=: 2.223000

519 3.45 A1 VR3 & 1121 2.325 31NN

U

9
AOUATENUNU

99 reference point Y04 1ATIe319MUVN 10




UN 4

NaN1INeae

a d 4 a
4.1 Nﬂﬂ1‘§3!ﬂi1$‘ﬁiﬂ‘§\‘lﬁ§'I\‘l!ﬂﬂlell@\‘]iﬂiﬂﬂﬁ"li

4.1.1  M5v2A

~

o 1 a o a X a
AINNITATHUIUNUIT WU LI 0.5 'J‘L!'l‘ﬁ mwwqqqmﬂﬂﬁuuwmnm

Y Y & 9 ' 9 ' "o o 4
1A5950M U IAIUINNAININDY 2.629 mm. 49317 4.1

PE, Max. Principal
SNEG, (fraction = -1.0)
(Avg: 75%)

+2.629%9+00
+2.410e+00
+2.191e+00
+1.972e+00
+1.753e+00
+1.534e+00
+1.315e+00
+1.095e+00
+8.764e-01
+6.573e-01
+4.382e-01
+2.191e-01
+0.000e+00

Max: +2.629e+00
Elem: BUS-1.13011
Node: 281

Max: +2.629e+000

Time 2010

PE, Max. Principal
SNEG, (fraction = -1.0)
(Avg: 75%)

+2.629+00
+2.410e+00
+2.191e+00
+1.972e+00
+1.753e+00
+1.534e+00
+1.315e+00
+1.095e+00
+8.764e-01
+6.573e-01
+4.382e-01
+2.191e-01
+0.000e+00

Max: +2.62%9e+00
Elem: BUS-1.13011
Node: 281

Time 200

719 4.1 vinauazdwmisiiiamsviagagavesIaseaiuau a a1 0.5 i
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412  ANNAY
1INNITATUIMNUAT 1287 0.5 3U1H AUIAUFIFA (Von Mises Stress)

a &2 A a 9 9 Y Y ' o A Y o A
LﬂﬂﬂlquinmTﬂﬁﬁiﬂmmnﬂﬂﬁ%ﬂﬁjuﬁammmm‘u 427 MPa ﬂ\‘]gﬂ‘ﬂ 4.2

S, Mises
SHEG, (fraction = -1.0)
(Avg: 75%)

+4.270e+08
+3.914e+08
+3.558e+08
+3.203e+08
+2.847e+08
+2.491e+08
+2.135e+08
+1.779+08
+1.423e+08
+1.068e+08
+7.117e+07
+3.558e+07
+0.000e+00

Max: +4.270e+08
Elem: BUS-1.13008
Mode: 26869

121 I Scamdad Time 201

S, Mises
SMNEG, (fraction = -1.0)
(Avg: 75%)

+4.270e+08
+3.914e+08
+3.558e+08
+3.203e+08
+2.847e+08
+2.491e+08
+2.135e+08
+1.779%+08
+1.423e+08
+1.068e+08
+7.117e+07
+3.558e+07
+0.000e+00

Max: +4.270e+08
Elem: BUS-1.13008
Mode: 26869

10 4.2 vinauazdwnisiifannudugegavesInssad1u@y o a1 0.5 i
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a d Y
4.2 Naﬂ15'Jlﬂ51$°ﬁf’ﬂ‘iﬁf’)ﬂ!!‘ﬂUiﬂiﬂﬁ%1ﬂiﬂiﬂﬂﬁ1i!!ﬂﬂ‘ﬁ 1

421  MSYA
A P A < I~ '
nnmsiasunlasInseainese laga1s lagn 15 support 1 1uviannaos

VA 50 x 50 HARWAT VU1 3. 2 HAAWATINOFIITOITULTINTLUND HAAILIBINLIT B 1A

a =

Y H v
0.25 313 MmyviagegamnaIunusnu Iasssodudwdsdsdiun IAuMiny 0.6314 mm.

A3 4.3

PE, Max. Principal
SHEG, (fraction = -1.0)
(Avg: 75%)

+6.314e-01
+5.788e-01
+5.262e-01
+4.736e-01
+4.210e-01
+3.683e-01
+3.157e-01
+2.631e-01
+2.105e-01
+1.579%e-01
+1.052e-01
+5.262e-02
+0.000e+00

Max: +6.314e-01
Elem: BUS-1.34913
Node: 21

PE, Max. Principal
SMNEG, (fraction = -1.0)
(Avg: 75%)

+6.314e-01
+5.788e-01
+5.262e-01
+4.736e-01
+4.210e-01
+3.683e-01
+3.157e-01
+2.631e-01
+2.105e-01
+1.579e-01
+1.052e-01
+5.262e-02
+0.000e+00

Max: +6.314e-01
Elem: BUS-1.34913
Mode: 21

Max: +6.314e-001

121 s LSE izl Scandard Time 201 1

5U7 4.3 vinauagdumiiinamsviagagaved IAsd 19uuDd 1 a1 a1 0.5 i
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422 ANNAY
VINMTATUINNUIT B 1287025 7U1H AIAUFIGA (Von Mises Stress)

a 42‘ d‘ a 9 9 Y 9 1 Y a0 ' o (4 d'
NATUNUT A IATITIM UV AT IIE UM UAUNAY 427 MPa ﬂ\igﬂ‘ﬂ 4.4

S, Mises
SNEG, (fraction = -1.0)
(Avg: 75%)

+4.270e+08
+3.914e+08
+3.558e+08
+3.203e+08
+2.847e+08
+2.491e+08
+2.135e+08
+1.77%+08
+1.423e+08
+1.068e+08
+7.117e+07
+3.558e+07
+0.000e+00

Max: +4.270e+08
Elem: BUS-1.34903
Node: 36265

S, Mises
SNEG, (fraction = -1.0)
(Avg: 75%)

+4.270e+08
+3.914e+08
+3.558e+08
+3.203e+08
+2.847e+08
+2.491e+08
+2.135e+08
+1.77%+08
+1.423e+08
+1.068e+08
+7.117e+07
+3.558e+07
+0.000e+00

Max: +4.270e+08
Elem: BUS-1.34903
Node: 36265

A o 1 A A 9 9y A a =
gﬂ“ﬂ 4.4 mumuazGlnmmmﬂﬂmmmuqqqmmTﬂimsmmum 1 12201 0.5 UM
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¢ v a
4.3 Naﬂ1§3[ﬂ51$°ﬁﬂ15@@ﬂ!!‘].lUiﬂiﬂﬁi1ﬁiﬂiﬂﬂﬁ]i!!ﬂﬂ‘n 2
431 M99
d‘ 9 a [ 1 [
%1ﬂﬂ15lﬂﬂﬂuLlﬂaﬂiﬂi\‘lﬁ'ﬂ\ﬁﬂIﬂEJ?HTU'iL'JﬁlIﬂi\‘lﬁﬁ\iﬂ?ﬂ?ﬂﬂ1i@ﬂﬂuﬂl@ﬁ
< L g o o g ¥ v 59 o < :
Manyraig 9 %utﬂuuuﬂﬂiwmﬂﬂuaﬂvmzmaﬂmummmim lﬂu!ﬁﬁﬂﬂa@ﬁ‘ﬂuWﬂ
a A a a A I < 1 a A
50 x 50 HaatuAT U1 3.2 UAaLUATUASINY support 1 LﬂULWaﬂﬂﬁfN"UUWQ 50 x 50 Uaatuag
NU13.2 ﬁaamﬁilﬁﬂ%"?ﬂiﬂﬁgﬂlﬁﬂﬂ'§$LL‘1/Iﬂ Nﬁﬂ?ﬁﬁ?ﬂ?ﬂ!WU'ﬁ 1381 0.25 "31!'1“]71 N15U9

a dg! d' a 9 9 y 9 1 Y A 1w [ d‘
qﬂqmﬂmuﬂummiﬂﬁqsnmuﬁmﬂwmmuwm UAUNINY 1.426 mm. ﬂ\‘lgﬂ‘ﬂ 4.5

PE, Max. Principal
SMEG, (fraction = -1.0)
(Avg: 75%)

+1.426e+00
+1.308e+00
+1.189e+00
+1.070e+00
+9.510e-01
+8.321e-01
+7.132e-01
+5.944e-01
+4.755e-01
+3.566e-01
+2.377e-01
+1.189e-01
+0.000e+00

Max: +1.426e+00
Elem: BUS-1.9849
Mode: 5665

mmmmmm

PE, Max. Principal
SHEG, (fraction = -1.0)
{Avg: 75%)

+1.426e+00
+1.308e+00
+1.18%+00
+1.070e+00
+9.510e-01
+8.321e-01
+7.132e-01
+5.944e-01
+4.755e-01
+3.566e-01
+2.377e-01
+1.189%-01
+0.000e+00

Max: +1.426e+00
Elem: BUS-1.9849
Mode: 5665

mmmmmmmmmmmmmmm

4 o 1 H a [} 9 { a
37 4.5 VinatazdwMUININANIVIAGIgAYD IATIAFT MUV 2 94 1381 0.25 JUIN



4.3.2

75

%
ANNIAY

VINMTAIUIVNUI B 1921 0.25 JUH AAUFIGA (Von Mises Stress)

a 42‘ d‘ a 9 9 Y 9 1 Y a0 ' o [ dl
NATUNUT U IATITaAUU AT IOE UK TAUNNY 426.1 MPa ﬂ\igﬂ‘lﬂ 4.6

3

i

S, Mises
SMEG, (fraction = -1.0)
{Avg: 75%)

+4.270e+08
+3.914e+08
+3.558e+08
+3.203e+08
+2.847e+08
+2.491e+08
+2.135e+08
+1.779%+08
+1.423e+08
+1.068e+08
+7.117e+07
+3.558e+07
+0.0002+00

Max: +4.261e+08
Elem: BUS-1.25388
Node: 442

S, Mises
SNEG, (fraction = -1.0)
(Avg: 75%)

+4.270e+08
+3.914e+08
+3.558e+08
+3.203e+08
+2.847e+08
+2.491e+08
+2.135e+08
+1.779e+08
+1.423e+08
+1.068e+08
+7.117e+07
+3.558e+07
+0.000e+00

Max: +4.261e+08
Elem: BUS-1.25388
Node: 442

LA

Tive 2010

N4.6

yinanazmmrainaaNuugIgavesIasainuua 2 a nat 0.25 i



4.4

a Aa a a @ l I < '
YUIA 50 x 75 Hadtuas vu1 3.2 Haawas lasanasnigaatduivannasdvula 50 x 50

j=9)

] Y
lJﬁamﬂilﬁﬂ"lﬂﬂﬁﬂﬂﬁﬂlli\iﬂizlmﬂ HANSAUIUNLI & 1381 0.5 JUN ﬂﬁﬂl%ﬂq\‘]ﬁ:mﬂﬂﬁu

44.1

M5UIN

= 9 a [ [~ < v
nnmslasuudaslaseainse lagasusna lassnasmvantumannaos

a d Y
Nafﬂ‘i'J!ﬂ51$°ﬁf’ﬂ‘iﬁ)f’)ﬂ!!‘ﬂUiﬂiﬂﬁ%1ﬁiﬂiﬂﬂﬁ1i!!ﬂﬂ‘ﬁ 3

a a a 2 I < J a a
ARLUAT YU 3.2 UAaALUATLASIWY support 1 Wumannasauuia 50 x 50 Yaatuas ¥ 3.2

A A . I Y a1 1w o A
ﬂﬂﬁljmjﬂﬁQﬁﬂﬂ’]um’]\iﬂ\iclﬂﬂﬁjuﬁu'] UAUNINY 0.8655 mm. ﬂ\‘]?jﬂ‘ﬂ 4.7

3

i

=
N

PE, Max. Principal
SHEG, (fraction =
(Avg: 75%)

+8.655e-01
+7.934e-01
+7.212e-01
+6.491e-01
+5.770e-01
+5.049e-01
+4.327e-01
+3.606e-01
+2.885e-01
+2.164e-01
+1.442e-01
+7.212e-02
+0.000e+00

Max: +8.655e-01

-1.0)

Elem: BUS-1.11332

Mode: 25197

Tins 20

PE, Max. Principal
SNEG, (fraction =
(Avg: 75%)

+8.655e-01
+7.934e-01
+7.212e-01
+6.491e-01
+5.770e-01
+5.049e-01
+4.327e-01
+3.606e-01
+2.885e-01
+2.164e-01
+1.442e-01
+7.212e-02
+0.000e+00

Max: +8.655e-01

Elem: BUS-1.11332

Node: 25197

-1.0)

Time 2010

47 ynauazduriaiinamsviagagavedlnseadeuui 3 a e 0.5 Ui




77

442  ANNAY

INNITAIUIBNUIT 2 1221 0.5 715 A2 1A UGG (Von Mises Stress)

a da! d‘ =~ 9 9J Y 9 U Y A ' o [ dl
NATUNUT U IATITIMUUNASEIIE U IAUNAY 427 MPa @Ng‘ﬂ‘ﬂ 4.8

d

1

=
N

S, Mises
SMEG, (fraction = -1.0)
(Avg: 75%)

+4.270e+08
+3.915e+08
+3.559e+08
+3.204e+08
+2.848e+08
+2.493e+08
+2.137e+08
+1.782e+08
+1.427e+08
+1.071e+08
+7.156e+07
+3.602e+07
+4.767e+05

Max: +4.270e+08
Elem: BUS-1.20817
Hode: 82

Max: +4.270e+008

Sunoice 25 Time 2010

S, Mises
SNEG, (fraction = -1.0)
(Avg: 75%)

+4.270e+08
+3.914e+08
+3.558e+08
+3.203e+08
+2.847e+08
+2.491e+08
+2.135e+08
+1.779e+08
+1.423e+08
+1.068e+08
+7.117e+07
+3.558e+07
+0.000e+00

Max: +4.270e+08
Elem: BUS-1.20817
Node: 82

4.8 vnanazdmunisiinanuduggaves Tasead Ui 3 o a1 0.5 i
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45  wamsInzrimssenmuuinseaiiasalagasuunii 4
451  MIVIA
nnnmsilaeunlaslassadresa lasasui e laswmdinmdnslumanndes
YUIA 50 x 75 HaduAT ¥u1 32 aaiuas lasandemeeeiumannasavuia 50 x 50

a a a 2 I < J a a
AALUAT YU 3.2 UAALUATLDSIWY support 2 Wumannasauuia 50 x 50 Yaatuas ¥ 3.2

j=9)

] Y
3Jﬁamﬂilﬁ@ﬁb”wﬁﬂﬂﬁﬂllﬁﬂﬂi%!mﬂ HANSAUIUNLI & 1381 0.5 JUN mimﬂqqqmﬂﬁu

A a 9 9 Y o v v A 1w o A
ﬂUiLJmTﬂﬁﬁﬂmuﬁumﬂwmmuwm UAUNINY 1.046 mm. f"NE‘]J'V] 4.9

PE, Max. Principal

SMEG, (fraction = -1.0)

(Avg: 75%)
+1.046e+00
+9.592e-01
+8.720e-01
+7.848e-01
+6.976e-01
+6.104e-01
+5.232e-01
+4.360e-01
+3.488e-01
+2.616e-01
+1.744e-01
+8.720e-02
+0.000e+00

Max: +1.046e+00
Elem: BUS-1.12941
Mode: 6187

Max: +1.046e+000

ODB: DasiniSensofs AbsquS B G, 121 Sor il 19 21:00!58 SE Asia Seandsr Tins 2112

PE, Max. Principal

SNEG, (fraction = -1.0)

(Avg: 75%)
+1.046e+00
+9.592e-01
+8.720e-01
+7.848e-01 |
+6.9766-01 [
+6.104e-01 /

+5.232e-01
+4.360e-01 /

+3.488e-01
+2.616e-01
+1.744e-01
+8.720e-02 /

+0.000e+00

Max: +1.046e+00
Elem: BUS-1.12941
Node: 6187

Max: +1.046e+000

o 1 { A @ Y { a
51U 4.9 VinatazdWMUININANIVIAGIgAYDI IATIAFT MUV 4 94 1IA1 0.5 JWIN
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452  ANNAY
1INNITATUIMNUAT 1287 0.5 3U1H AUIAUFIFA (Von Mises Stress)

a &2 A a 9 9 Y Y ' o oA 1w o A
LﬂﬂﬂluﬂUimmTﬂiﬁiﬂmuﬂnﬁﬂﬁﬁmt’lﬁjuﬁm UAUNNU 423.8 MPa ﬂ\‘]gﬂ‘ﬂ 4.10

S, Mises
SMNEG, (fraction = -1.0)
(Avg: 75%)

+4.270e+08
+3.914e+08
+3.558e+08
+3.202e+08
+2.847e+08
+2.491e+08
+2.135e+08
+1.779e+08
+1.423e+08
+1.068e+08
+7.117e+07
+3.558e+07
+0.000e+00

Max: +4.238e+08
Elem: BUS-1.29475
Mode: 421

S, Mises
SHNEG, (fraction = -1.0)
(Avg: 75%)

+4.270e+08
+3.914e+08
+3.558e+08
+3.202e+08
+2.847e+08
+2.491e+08
+2.135e+08
+1.779e+08
+1.423e+08
+1.068e+08
+7.117e+07
+3.558e+07
+0.000e+00

Max: +4.238e+08
Elem: BUS-1.29475
Node: 421

mmmmmm

=~ o A a 9 9 A a =
gﬂ“ﬂ 4.10 "U1!W]LlagGlHmu\‘mlﬂﬂﬂ’NMﬂuq\iQfﬂﬂl@\‘iIﬂi\‘iﬁiNl!UU“ﬂ 4 941901 0.5 3UMN
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a d Y
4.6 Naﬂ1§'Jlﬂ§1$°ﬁf’ﬂ‘iﬁf’)ﬂ!!‘ﬂUiﬂiﬂﬁ%1ﬂiﬂiﬂﬂﬁ1i!!ﬂﬂ‘ﬁ 5

4.6.1 M3UIA
= 9 a [ v 3 < v
nnmslasuudaslaseainse lagasusna lassnasmvantumannaos
a Aa a a @ l I < '
YUIA 50 x 75 Hadtuas vu1 3.2 Haawas lasanasnigaatduivannasdvula 50 x 50
a a a a [ < v a A a A
UAALUAT MU 3.2 UAALUAT HaNAUNANNOUUYUIA 50 x 50 UAALUAT U 2 UAALUAT LD

< 9 9 Aa A Aa a o 1 A =
WAANAIUUVINUUIA 50 x 50 YAAUAT U 3.2 YaalUag NaNITATUIUNDIN A 1301 0.5 IUIN

=

o a &2 4 a 9 9 Y Y 1 Y A 1w o
ﬂTi‘lJfﬂﬂi,jlﬂqumﬂﬂ‘llm/l‘lJ’inmIﬂNﬁﬂmu*lJNP“IQGMEJﬁJL!‘HuW UAUNINY 0.6746 mm. ﬂ\i?jﬂ

4.11

PE, Max. Principal
SHNEG, (fraction = -1.0)
(Avg: 75%)

+6.746e-01
+6.184e-01
+5.622e-01
+5.05%-01
+4.497e-01
+3.935e-01
+3.373e-01
+2.811e-01
+2.249%9e-01
+1.686e-01
+1.124e-01
+5.622e-02
+0.000e+00

Max: +6.746e-01
Elem: BUS-1.938
Node: 76

Max: +6.746e-001

ODE: PRS0 L0 ABU/ B B4 Sa 580 20 035 196 A Scanaa TIne 012

PE, Max. Principal
SMEG, (fraction = -1.0)
(Avg: 75%)

+6.746e-01
+6.184e-01
+5.622e-01
+5.05%-01
+4.497e-01
+3.935e-01
+3.373e-01
+2.811e-01
+2.24%e-01
+1.686e-01
+1.124e-01
+5.622e-02
+0.000e+00

Max: +6.746e-01
Elem: BUS-1.938
Mode: 76

Max: +6.7/4697001

D8 DeSRURCOIL o0 ABS/EGHIKS.ATe] S S50 20 2037 1958 Ak Scancdeed Time 21

5U7 4.11 vnauagdmrisinamsviagegavesInseadeuuui 5 o a1 0.5 Jui
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4.62 ANNAY
1INNITATUIMNUAT 1287 0.5 3U1H AUIAUFIFA (Von Mises Stress)

a &2 A a 9 9 Y Y ' o oA 1w o A
LﬂﬂﬂluﬂUimmTﬂiﬁiﬂmuﬂnﬂﬂﬁﬁmt’lﬁjuﬁm UAUNINU 427 MPa ﬂ\‘]gﬂ‘ﬂ 4.12

S, Mises
SHEG, (fraction = -1.0)
(Avg: 75%)

+4.270e+08
+3.915e+08
+3.561e+08
+3.206e+08
+2.852e+08
+2.497e+08
+2.143e+08
+1.788e+08
+1.434e+08
+1.079e+08
+7.248e+07
+3.703e+07
+1.579e+006

Max: +4.270e+08
Elem: BUS-1.13297
Node: 323

S, Mises
SNEG, (fraction = -1.0)
(Avg: 75%)

+4.270e+08
+3.915e+08
+3.561e+08
+3.206e+08
+2.852e+08
+2.497e+08
+2.143e+08
+1.788e+08
+1.434e+08
+1.079e+08
+7.248e+07
+3.703e+07
+1.579e+006

Max: +4.270e+08
Elem: BUS-1.13297
Node: 323

= o 1 A a Y Y = a ~
E‘IJVI 4.12 ‘Uu1@Ll,agGlWLLﬁuQVILﬂﬂﬂ’NNLﬂHQQQWUSQIﬂi\iﬁi"l\‘llmﬂﬂ 5939105 3UIMN
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a d 3
47  WAaMIIATIZFINIToNMULIATIA3 1930 A8 ISHULN 6
471  MSVA
nnmalasunaslassad o lasasvinalasamaimmaniilumanndes

a A a A @ ] < < '
YUIA 50 x 100 Haatuas ¥u1 3.2 Jaawas lassvasngeadumannaesvuin 50 x 75

j=9)

a a a 2 I < J a a
AALUAT U 3.2 UAALUATLASIWY support 1 Wumannasauuia 50 x 50 Haatuas ¥ 3.2
] Y
‘JJﬁamﬂi!ﬁ@%?ﬂﬁﬂﬂiﬂlli\iﬂizllfﬂﬂ HANISATUIUNLIT 8 1381 0.5 IUIN ﬂ?iﬂl%ﬂq\‘lq@mﬂ“ﬁu

A A . I Y a1 1w o A
ﬂﬂﬁljmjﬂﬁQﬁﬂﬂ’]um’]\iﬂ\iclﬂﬂﬁjuﬁu'] UAUNINY 0.6737 mm. ﬂﬂgﬂﬂ 4.13

PE, Max. Principal
SNEG, (fraction = -1.0)
{Avg: 75%)

+6.737e-01
+6.175e-01
+5.614e-01
+5.052e-01
+4.491e-01
+3.930e-01
+3.368e-01
+2.807e-01
+2.246e-01
+1.684e-01
+1.123e-01
+5.614e-02
+0.000e+00

Max: +6.737e-01
Elem: BUS-1.16820
Mode: 7289

PE, Max. Principal
SNEG, (fraction = -1.0)
(Avg: 75%)

+6.737e-01
+6.175e-01
+5.614e-01
+5.052e-01
+4.491e-01
+3.930e-01
+3.368e-01
+2.807e-01
+2.246e-01
+1.684e-01
+1.123e-01
+5.614e-02
+0.000e+00

Max: +6.737e-01
Elem: BUS-1.16820
Mode: 7289

Max: +6.737e-001

4 o 1 $ a [} Y { a
31U 4.13 vnauazdunUINNANIUTAgIgAYDI 1ATIAT1IIUUDAN 6 2 1IA1 0.5 I
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472  AaNNAY
1INNITATUIMNUAT 1287 0.5 3U1H AUIAUFIFA (Von Mises Stress)

a &2 A a 9 9 Y Y ' o oA 1w o A
LﬂﬂﬂluﬂUimmTﬂiﬁiﬂmuﬂnﬁﬂﬁﬁmt’lﬁjuﬁm UAUNNU 426.9 MPa ﬂ\‘]gﬂ‘ﬂ 4.14

S, Mises
SNEG, (fraction = -1.0)
(Avg: 75%)

+4.270e+08
+3.914e+08
+3.558e+08
+3.203e+08
+2.847e+08
+2.491e+08
+2.135e+08
+1.77%+08
+1.423e+08
+1.068e+08
+7.117e+07
+3.558e+07
+0.000e+00

Max: +4.269e+08
Elem: BUS-1.9899
Node: 24725

Max: +4.269e+008

.42+ T Ju103 2000 52 5 0 8 Scamned Time 2010

S, Mises
SMNEG, (fraction = -1.0)
(Avg: 75%)

+4.270e+08
+3.914e+08
+3.558e+08
+3.203e+08
+2.847e+08
+2.491e+08
+2.135e+08
+1.779e+08
+1.423e+08
+1.068e+08
+7.117e+07
+3.558e+07
+0.000e+00

Max: +4.269e+08
Elem: BUS-1.9899
Node: 24725

Max: +4.269e+008

08 Dashnical.odn Ansqui/Bxalkk S 1211 Tau Jul 03 23,06 125 hcla Scandaed Thns 2010

= o 1 A a Y 9 = a ~
E‘IJV] 4.14 ‘Uu1@Ll,azGlWLLﬁuQVILﬂﬂﬂﬂNLﬂHQQQWUSQIﬂiﬂﬁiNLm“U“l/l 6 U 1391 0.5 UM
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a d 3
4.8  WAMIIATIZFINIToONMULIATIAZ 1930 A8 ISHULN 7
4.8.1 M5VIA
nnmalasunaslassad o lasasvinalasamaimmaniilumanndes

a A a A @ ] < < '
YUIA 50 x 100 Haatuas ¥u1 3.2 Jaawas lassvasngeadumannaesvuin 50 x 75

j=9)

a a a 2 I < J a a
AALUAT YU 3.2 UAALUATLDSIWY support 2 Wumannasauuia 50 x 50 Haatuas ¥ 3.2
] Y
‘JJﬁamﬂi!ﬁ@%?ﬂﬁ’f)\ii‘ULLiQﬂi%LWIﬂ HANISATUIUNLIT 8 1381 0.5 IUIN ﬂ?iﬂl%ﬂq\‘lq@mﬂ“ﬁu

A A . I Y a1 1w o A
ﬂﬂﬁljmjﬂﬁQﬁﬂﬂ’]um’]\iﬂ\iclﬂﬂﬁjuﬁu'] UAUNINY 0.7571 mm. ﬂﬂgﬂﬂ 4.15

PE, Max. Principal
SNEG, (fraction = -1.0)
{Avg: 75%)

+7.571e-01
+6.940e-01
+6.309e-01
+5.679e-01
+5.048e-01
+4.417e-01
+3.786e-01
+3.155e-01
+2.524e-01
+1.893e-01
+1.262e-01
+6.309e-02
+0.000e+00

Max: +7.571e-01
Elem: BUS-1.1017
Node: 1322

Max: +7.571e-001

PE, Max. Principal
SNEG, (fraction = -1.0)
{Avg: 75%)

+7.571e-01
+6.940e-01
+6.309e-01
+5.679e-01
+5.048e-01
+4.417e-01
+3.786e-01
+3.155e-01
+2.524e-01
+1.893e-01
+1.262e-01
+6.309e-02
+0.000e+00

Max: +7.571e-01
Elem: BUS-1.1017
Node: 1322

517 4.15 vinauagdmrisinamsviagegaves Iaseaieuuui 7 o nan 0.5 Ui
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482 ANNAY

INNITAIUIBNUIT 2 1221 0.5 715 A2 1A UGG (Von Mises Stress)

a &2 A a 9 9 Y Y ' o oA 1w o A
LﬂﬂﬂluﬂUinmTﬂiﬁﬁﬂmuﬂnﬂﬂﬁﬂmt’lﬁ?uﬁm UAUNNU 422.6 MPa ﬂ\‘]gﬂ‘ﬂ 4.16

S, Mises
SNEG, (fraction = -1.0)
(Avg: 75%)

+4.270e+08
+3.914e+08
+3.558e+08
+3.203e+08
+2.847e+08
+2.491e+08
+2.135e+08
+1.77%e+08
+1.423e+08
+1.068e+08
+7.117e+07
+3.558e+07
+0.000e+00

Max: +4.226e+08
Elem: BUS-1.16671
Mode: 301

Max: +4.226e+008

O0e: PRSI Amu 1 Sun 20 19509 S E AztaSeandsra Time 201

S, Mises
SNEG, (fraction = -1.0)
(Avg: 75%)

+4.270e+08
+3.914e+08
+3.558e+08
+3.203e+08
+2.847e+08
+2.491e+08
+2.135e+08
+1.779e+08
+1.423e+08
+1.068e+08
+7.117e+07
+3.558e+07
+0.000e+00

Max: +4.226e+08
Elem: BUS-1.16671
Node: 301

Max: +4.226e+008

OB8: DacrScolodn Ansqus/Bxalk k121 3 un Jal 3 14so09 S b Seandaed Thoa 2104

A o 1 A a Y 9 =~ a ~
gﬂ‘ﬂ 4.16 Guu1@uazs]mwmmﬂﬂmmmugqqmmquﬁimmuw 7 1701 0.5 UM



4.9

a A a A @ ] < < '
YUIA 50 x 100 Haatuas ¥u1 3.2 Jaawas lassvasngeadumannaesvuin 50 x 75

j=9)

] Y
‘JJﬁﬁmﬂilﬁ@%’)ﬂﬁﬂﬂiﬂlliﬂﬂi%tmﬂ HANSAUIUNLI & 1381 0.5 JUN mimﬂqqqmﬂﬁu

a d Y
Naﬂ15'Jlﬂ51$°ﬁf’ﬂ‘iﬁf’)ﬂ!!‘ﬂUiﬂiﬂﬁ%1ﬂiﬂiﬂﬂﬁ1i!!ﬂﬂ‘ﬁ 8

4.9.1

M5UIN

= 9 a [ [~ < v
nnmslasuudaslaseainse lagasusna lassnasmvantumannaos

a a a 2 I < J a a
ALUAT YU 3.2 UAaRIUATLASIWY support 3 Wumannasauuia 50 x 50 Haatuas ¥ 3.2

nusnuTasssodmanesdedediunt TAuminy 1.29 mm. a3 4.17

3

i

=
N

PE, Max. Principal

SNEG, (fraction = -1.0)

(Avg: 75%)
+1.290e+00
+1.183e+00
+1.075e+00
+9.675e-01
+8.600e-01
+7.525e-01
+6.450e-01
+5.375e-01
+4.300e-01
+3.225e-01
+2.150e-01
+1.075e-01
+0.000e+00

Max: +1.290e+00
Elem: BUS-1.1232
Mode: 1521

08 Desgraicas 2 odo

Max: +1.290e+000

21 Touduze T 2014

PE, Max. Principal

SNEG, (fraction = -1.0)

(Avg: 75%)
+1.290e+00
+1.183e+00
+1.07 5e+00
+9.675e-01
+8.600e-01
+7.525e-01
+6.450e-01
+5.375e-01
+4.300e-01
+3.225e-01
+2.150e-01
+1.075e-01
+0.000e+00

Max: +1.290e+00

Elem: BUS-1.1232

Node: 1521

Time 20

o ] { A [ Y { a
417 VIALAZALHINAAANTVIAGIZATDI TATIATIUVUN 8 B 1381 0.5 TN
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492  ANNAY
1INNITATUIMNUAT 1287 0.5 3U1H AUIAUFIFA (Von Mises Stress)

a &2 A a 9 9 Y Y ' o oA 1w o A
LﬂﬂﬂluﬂUinmTﬂiﬁﬁﬂmuﬂnﬂﬂﬁﬂmt’lﬁ?uﬁm UAUNINU 413 MPa ﬂ\‘]gﬂ‘ﬂ 4.18

S, Mises

SNEG, (fraction = -1.0)

(Avg: 75%)
+4.130e+08
+3.786e+08
+3.442e+08
+3.099%+08
+2.755e+08
+2.412e+08
+2.068e+08
+1.724e+08
+1.381e+08
+1.037e+08
+6.934e+07
+3.498e+07
+6.189%+05

Max: +4.130e+08
Elem: BUS-1.18637
Node: 344

iz Time 210

S, Mises

SMEG, (fraction = -1.0)

{Avg: 75%)
+4.130e+08
+3.786e+08
+3.442e+08
+3.09%+08
+2.755e+08
+2.412e+08
+2.068e+08
+1.724e+08
+1.381e+08
+1.037e+08
+6.934e+07
+3.498e+07
+6.18%+05

Max: +4.130e+08
Elem: BUS-1.18637

Max: +4.130e+008

120 Toudal 29 1.2 52 58 A s Scandand Thes 2040

] o 1 A a Y 9 A a =
g‘lJTl 4.18 611u"muazGlnmmmﬂﬂmmmuqqqﬂmmquﬁﬁmm‘um 8 U 1IN 0.5 IUMN
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a d [ a

4.10 WAMITAATIZFINTOONUULIATIAZ 1930 A8 ISHULN O
4.10.1 PMSVAA
d‘ 9 a [ Y] <3 [

nmsnasuumlaslnseasiese lasasusna Insaasnvaniumannaod

Aa A A A [ ] < < 1
YUIA 50x 100 WaaIuas ¥ 3.2 Haaluas Iasavadnigaailuiviannaosavula 50 x 75
TaAWAT ¥ 3.2 Taamas vanaurannouIuIa 50 x 50 Naawas ¥u1 2 Jaamasuazivan
Yy 9 Aa A Aa a o 1 A ~
ATUVIVHIA 50 x 50 VAAWAT WU 3.2 UAdINAT HAaNITATUIUNLIT & 1381 0.5 IUIN AT

o A 2 A4 a 9 9 Y o ' o A 1w o A
Gllfl]ﬂqqq@lﬂﬂﬂll‘lﬂﬂ30'[]11?]5\135]@’]1&6"']\1ﬂ\iﬁlﬂﬂﬁju'ﬂa\‘] UAUNNUY 0.6029 mm. ﬂ\igﬂﬂ 4.19

PE, Max. Principal

SHEG, (fraction = -1.0)

(Avg: 75%)
+6.02%e-01
+5.526e-01
+5.024e-01
+4.522e-01
+4.01%-01
+3.517e-01
+3.014e-01
+2.512e-01
+2.010e-01
+1.507e-01
+1.005e-01
+5.024e-02
+0.000e+00

Max: +6.02%9e-01
Elem: BUS-1.18964
Node: 29450

Max: +6.029e-001

1zl sx 51 Scandaed Tine 201

PE, Max. Principal

SHEG, (fraction = -1.0)

(Avg: 75%)
+6.029%-01
+5.526e-01
+5.024e-01
+4.522e-01
+4.019-01
+3.517e-01
+3.014e-01
+2.512e-01
+2.010e-01
+1.507e-01
+1.005e-01
+5.024e-02
+0.000e+00

Max: +6.02%9e-01
Elem: BUS-1.18964
Node: 29450

319 4.19 vinauazdumisinamsvIagagaved Taseasauui 9 o a1 0.5 i



4102 ANNAY

INNITAIUIBNUIT 2 1221 0.5 715 A2 1A UGG (Von Mises Stress)

a X 4 a o Y ' [ Y o A
LﬂﬂﬂlquiLDmTﬂNﬂmmﬂwmﬁ?u‘ﬁm UAUNNU 416.9 MPa ﬂ\‘]gﬂ‘ﬂ 4.20

i

il

S, Mises

SMEG, (fraction = -1.0)

(Avg: 75%)
+4.16%e+08
+3.823e+08
+3.476e+08
+3.12%e+08
+2.782e+08
+2.436e+08
+2.08%+08
+1.742e+08
+1.396e+08
+1.049e+08
+7.020e+07
+3.553e+07
+8.513e+05

Max: +4.169e+08
Elem: BUS-1.9329
Node: 297

ax: +4.169e+008

S, Mises

SMEG, (fraction = -1.0)

(Avg: 75%)
+4.16%9e+08
+3.823e+08
+3.476e+08
+3.12%e+08
+2.782e+08
+2.436e+08
+2.08%+08
+1.742e+08
+1.396e+08
+1.049e+08
+7.020e+07
+3.553e+07
+8.513e+05

Max: +4.169e+08
Elem: BUS-1.9329
Node: 297

Max: +4,169e+008

1420 yuauazdurisiinaaudugIgaved Iasad 19uuDN 9 & a1 0.5 Ui

&9
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a d H
411  Eamsdanzrinmseanuuulasaazieselasasuuun 10
4.11.1 M5VA
nnmalasunlaslaseadiasalasasusnalasanaeavantas 1asq
[ [l I <3 [ Aa A a a @ I~ 1
YaIngoe i annaoIvUIA 50 x 100 YAANAT WU 3.2 HaAINAT HANAUHANNDUIUIA
Aa A Aa A < Aa A Aa A
50 x 50 HAAWAT HUI 2 TABWAT LAZIHANAIUT VU 50 x 50 VAALNAT WU 3.2 UAdINAT
o 1 a ~ ] a 49! A a 9 Y ) 9 J
HAMIAUIUNDI & 1381 0.75 JU1N MIVIAgIganavunuTnaInTasaa Ut sd U

Wi BAWNIAY 0.3775 mm. fagali 4.21

PE, Max. Principal

SNEG, (fraction = -1.0)

(Avg: 75%)
+3.775e-01
+3.461e-01
+3.146e-01
+2.832e-01
+2.517e-01
+2.202e-01
+1.888e-01
+1.573e-01
+1.258e-01
+9.438e-02
+6.292e-02
+3.146e-02
+0.000e+00

Max: +3.775e-01
Elem: BUS-1.13517
Node: 1439

PE, Max. Principal

SMHEG, (fraction = -1.0)

(Avg: 75%)
+3.775e-01
+3.461e-01
+3.146e-01
+2.832e-01
+2.517e-01
+2.202e-01
+1.888e-01
+1.573e-01
+1.258e-01
+9.438e-02
+6.292e-02
+3.146e-02
+0.000e+00

Max: +3.775e-01
Elem: BUS-1.13517
Mode: 1439

o ] { A [ Y { a
JU7 4.21 vinauazAUNLININANIVTAGIGAYDI IATIATIUVAN 10 & 1381 0.75 TN
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4112 ANNAY
VINMTAIUINNUIT Y 12871 0.75 3U1H AR UGIgA (Von Mises Stress)

a 42‘ d‘ a 9 9 Y 9 1 Y a0 ' o [ dl
NATUNUT U IATITaAUU AT IgE UK TAUMNNY 423.7 MPa ﬂ\igﬂ‘l/l 4.22

S, Mises

SMHEG, (fraction = -1.0)

(Avg: 75%)
+4.237e+08
+3.884e+08
+3.532e+08
+3.180e+08
+2.827e+08
+2.47 5e+08
+2.122e+08
+1.770e+08
+1.418e+08
+1.065e+08
+7.128e+07
+3.604e+07
+7.964e+05

Max: +4.237e+08
Elem: BUS-1.27283
Node: 595

S, Mises

SMEG, (fraction = -1.0)

(Avg: 75%)
+4.237e+08
+3.884e+08
+3.532e+08
+3.180e+08
+2.827e+08
+2.475e+08
+2.122e+08
+1.770e+08
+1.418e+08
+1.065e+08
+7.128e+07
+3.604e+07
+7.964e+05

Max: +4.237e+08
Elem: BUS-1.27283
Mode: 595

= o 1 A a Y 9 = a ~
E‘IJV] 4.22 ‘Uu1@Ll,azGlWLLﬁuQVILﬂﬂﬂﬂNLﬂHQQQWUSQIﬂiﬂﬁiNLm“U“l/l 10 2 13981 0.75 IUIN
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4.12 Nﬁfn'ﬁﬂ'n!'Jﬂ!ﬂ?]u!ﬁﬂﬁ]ﬂm@ﬁwu‘nﬂaﬂﬂﬂﬂ
a o 9 a Yy A ' 1o Y
ﬂWﬂﬂTﬁ'Jlﬂﬁ']3WTﬂﬁ\?ﬁi%‘]!ﬂ1]!,!,'@3Tﬂﬁ\iﬁﬁWQVI@f]ﬂLLUUGlﬁiJﬁ"IiJ'ﬁﬂﬁ']ﬂ'WI'N 9 llﬂﬂ'lll

~
TN 4.1

' v ¥y .
@]'lﬁNﬁ 4.1 BEAUIVUN AN LLﬁ%ﬂ’NﬂJL%EJ‘HTEJEUfNﬁUﬁﬂﬁ@ﬂﬂEJ‘lJ@QIﬂiﬁﬁ%}NLL‘U‘U@N 9

. Yhuiindi AN AN Y
sunuuTaseads T waeulion V94 CG veuituil

(ke 1A (kg.) (m.) avans (%)
Taseadany 421.77 0 1.564 26.2
Tnseardrauuuii 1 408.03 -13.74 1594 5.6
Tnseadrauud 2 450.04 +28.27 1.634 2.6
Tnseadrauud 3 482.29 +60.52 1.644 1.03
Tnsead i 4 483.26 +61.49 1.634 <1
Tnsead i 5 521.29 +99.52 1.644 <1
Tnseadranudi 6 518.19 496.42 1.664 <1
Tnseadrauuui 7 519.17 +97.40 1.664 <1
Tnseadrauuud 8 520.21 +98.44 1.664 <1
Tnseadrauuud 9 556.24 +134.47 1.664 <1
Tnseadrandi 10 562.75 +140.98 1.674 0
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R=15mm
CA
25mm

e

A

50 mm

60 mm

400 min

A
A

Y
1 a

4 em o
71U .1 ansumaaeuauiinmng

11’167;14qméﬁﬂa'nc’fﬁﬂ5zﬂauﬁ”m§mmﬁgﬂu’3’ﬁ@ Steel STKR 400 3117106199
3 5u naaounuaulABinad10ini o anAde LIS IA 1 Shimadzu UH — 2000 kveagud
wseaileinnmnansuazmaluled wiinordemaluladgsuis Tasshmsnadeusinas
305

HAYINNITNATD VLTI IR 11501171 Yield Strength U9 3d9 1A1M1AY
548.83MPat 992 1811171 Yield Strength 11191un1smrd1d1seneuniuasasoves
Taseadresolaoans

IA38ANAADUITIAT 11 Shimadzu UH — 2000 k 118251971 Steel STKR 400 fomias
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1.3 Steel STKR 400
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Scientific and Technological Equipment Center
Suranaree University of Technology

{achi I ! Shimadzu UH=2000kNA
Batch Name: pipe

Shape: Plate
Gauge Length: 60.00

Lalc. YELD TAENGTH TERSIE 5TR
CP1,. CP2 o100
CP Unit [MeFuliscala]
Pass-Fail g
Linit [kgficma] kgghema]
plate tEiF .35 SEDE.TH
? . 168.69 565,43
3 543344 5948, 02
Idaan =506.E9 Eamd

1 nt

STANDARD
Date/Time: (03-27-2000
Broject

ELONGATION

%]

.
&h.obbk

24 _GB6EE

q.38848

JU7 n.4 HAMINATOVUTIAIVOY Steel STKR 400
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Y] a d a dJ
Mvg1am NNzl agSsumeuNan1a A3 121ian Tutorial

v P}
Y A a <
Gﬁmmﬂzgmﬁﬂuﬁﬂﬂizﬂuﬁumum

31NU.1 M0 AATIERMTANNTZNY

U

1. Module: Part

1.1 ﬁ%}N Bracket

v v
51U .2 FUUAI0E819 Bracket

Y
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12 a$h rigid surface

v Y
3‘1]17]511.3 FUITUAIDYN rigid surface

2. Module: Property

@ { I a
2.1 @319 material properties Iagiaqnlfiiuozgiidion

Density = 2.6e-6 kg/ m’
Young’s modulus N 70e3  Pa
Poisson’s ratio = 0.33

2.2 @314 section VBB GTioN
2.3 Assign section Y940y
3. Module: Assembly

Assembly bracket A1 rigid surface AN

A

319.4 M35 assembly §19619MIUATIEH



4. Module: Step

MUUATIIAINITAATIZER0.02 FU1T

= Edit Step

Name: Step-1
Type: Dynamic, Explicit

Basic | Incrementation | Mass scaling | Other |

Description:

Time period: | 0.02

Nlgeom: On F 4

[] Include adiabatic heating effects

515 MIMAUATINIAIMITUATIZH

U

5. Module: Interaction

5.1 MWUA Interaction properties JASNAMLTUTIANIUNINY 0.5

# Edit Contact Property

==

Name: IntProp-1
Contact Property Options

MNormal Behavior

Tangential Behavior

Friction formulation: | Penalty

Mechanical Thermal Electrical

Friction | Shear Stress | Elastic Slip

Tangential Behavior

E

[T Use slip-rate-dependent data

Number of field variables:

Friction
Coeff
05

[] Use contact-pressure-dependent data

|| Use ternperature-dependent data

Directionality: @ Isotropic () Anisotropic (Standard enly)

Rl

5U7v.6 MIMMUA interaction properties

102



52 M1UA Interaction 5¥HINAITUAE Tagly general contact

# Edit Interaction

Mame: Int-1
Type:
Step:  Step-1 (Dynamic, Explicit)

General contact (Explicit)

Contact Domain

Included surface pairs:

() Selected surface pairst Mone
Excluded surface pairss Mene 7~

*"All" includes all exterior faces, feature edges, beam segments,
and analytical rigid surfaces. It excludes reference points.

Attribute Assignments

Contact Surface
Properties | Properti

E
F

Contact

Global property assignment: | IntProp-1

Individual property assignments: Mone

Ed

1= |

JUNY.7 MIM¥UA interaction

6. Module: Load

6.1 MYUA boundary condition (/1)1 encastre

103

-
% Edit Boundary Condition

Mame: fix_rigid_plate

Type  Symmetry/Antisymmetry/Encastre
Step:  Step-1 (Dynamic, Explicit)

Region: Set-1 [3

CsYS: (Global) [3 L

(21 XSYMM (Ul = UR2= UR3 =1D)

0 YSYMM (U2 = URL = UR3 = D)

() ZSYMM (U3 = URL = UR2=10)

(21 XASYMM (U2 = U3 = URL = 0; Abaqus/Standard only)
1 YASYMM (U1 = U2 = UR2 = 0; Abaqus/Standard only)
() ZASYMM (U1 = U2 = UR3 = 0; Abagus/Standard only)
@ PINMED (U1 =U2=U3=0)

@ ENCASTRE(UL=U2=U3=URl = URZ=UR3=0)

G

3UNv.8 M3M¥UA boundary condition
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6.2 MMUA predefined field 1A8KTINNTLINUNANINIA

,
£ Edit Predefined Field =5

Mame:  Predefined Field-1

Type:  Velocity
Step:  Initial
Region: Set-2 [3

Distribution: IL.m;m-n—E fix)

Definition: | Translational anly H

3UN.9 MIM¥UA predefined field

7. Module: Mesh

3UN.10M5 mesh

8. Module: Job

A d o [ a J
WQ%®1WQﬁTW§Uﬂ1§3Lﬂ51$W
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9. Module: Visualization
1 [ [ 49} A 9 a d A [ o < 1
@ﬂmaNmmm'mqmmzﬂszmuwuﬂﬂmﬂmiamswwmsmﬂ‘uwammm

= w A 1
MUoUNUNTD h]

||||||
s

Energy

~ [ [ A 9 a s
sUNV.11 mwawmm"lﬂmﬂmmmwﬁ

U

SPIEE L

Energy

A ' o Y " Ad )
5UNV. 12 Mwasnuvesaed e unaduse
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1.1 Module: Part
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Set Work Directory...
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Export

Bun Script...
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Print... Ctrl+P
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—~ ===
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[ Testl
2 Parts (74)

£ Bus - Loof_CG 280 Loof 001_26
Bus

=] LConcrete

£ & Features (2)

o iy Sets (1)

- W Surfaces

- Skins

- ﬁ Stringers

- ﬂ} Section Assignments
~Bw Orientations

- B8 Composite Layups

= ﬁg Engineering Feature:
M @
Springs/Dashpots

“Bn Mesh

Floor

Floor_CG 280 Sub Beam Floor 010

Floor_CG 280 Sub Beam Floor 011

Floor_CG 280 Sub Beam Floor 012

Floor_CG 280 Support Beam 001

Floor_CG 280 Support Beam 002

m

3N A36ms ldtiminpeunsa (1)

Continue...

3

1

4 Create Inertia

—

(el Einertia-2)
Type

I Point mass/inertia I

Monstructural mass
Heat capacitance

[Continue._| (3 Jee

A
N

! %’ Y =
A.37mM3 e miinaeunsa (2)
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4. 199N RP YD3n0UNTA

5. Done

O,

mhRP

A

L.

Select points to assign point mass/inertia ( Create set: | Set-2 J- @

4 R o
71N a.38msldihminaeunia (3)

LY
6. lathwiinaeunia

7. OK

= Edit Inertia -

Mame: Inertia-1

Type:  Point Mass/Inertia

Region: Set-1 [

{ Magnitude || Damping

N I3
I @) Isotropic: | 2400

() Anisotropic:

Rotary Inertia

[] Specify off-diaganal terms
| ni:

22

B3

CSYS: (Glabal) [y L

Mote: Values will be appl, nt.

Cancel

< A o
71U a.39mslaiminaeunia (4)
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1.3

Module: Assembly
1.3.1  Assembly NUANNTENULAZABUATA

1. Lﬁ’f)ﬂ Instance Part

= File Model Viewport View Instance Constraint  Festure Tools

DEE=SE &

Model | Results

@ModelDatabase E|

O Testl
Elfls Parts (74)
Bus -- Loof_CG 280 Loof 001_26 5
Loof_CG 280 Loof 001_27 -- Right_CG 2.t Side 00 I
Right_CG 2..de Bar 003 -- Section 5
@ [P Materials (1) ﬂ. [=T=
&} Calibrations it
ﬁB' Sections (7) =

& Profiles tz Q_'l
Elﬁ Aszembly ‘]E %;
@ Instances (127) —
fif2 Position Constraints
txin‘ rT\
P I

Plug-in

< & a
E‘IJVI 7.40N15 Assembly WUANNTENULLAZADUNTA (1)

v
2. 1a0n¥UNUNABINT Assembly 7B Concrete 4@ Floor

3. OK

L
o Create Instance Ié'

Parts

Bus
Concrete

Floor_CG 280 Sub Beam Floor ()
Floor_CG 280 Sub Beam Floo =

Instance Type

m »

A meshed part has been selected, so
the instance type will be Dependent.

Note: To change a Dependent instance's
mesh, you must edit its part's mesh.

[[] Auto-offset agther instances

=1CE =

< £ a
gﬂ“ﬂ 7.41N15 Assembly WHANNIENULALADUNTA (2)
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4. Gl‘lsfl Translate Instance ‘H%EJ Rotate Instance “lumsnﬁauﬂ%mgu

2
FUINU

= File Model  Viewport View Instance Constraint  Feature Tools  Plug-ins

LEE=E & i
Model | Results Module: : Aszembly
Model Database E| @ %
DeformableReskes3 {2
- Instance

3DeformableResRevd
3DeformableResRevs

Test ]ﬂ
[ Testl i B s
B Parts (74) =, Uity

Bus -- Loef_CG 280 Loof 001_26
Loof_CG 280 Loof 001_27 -- Right_CG 2..t Side 00)
Right_CG 2..de Bar 003 -- Section QJ‘
072 Materials (1) e |'_Lgu
&} Calibrations b
i Sections (7) xyz) {L
@‘ Profiles “
S48 o o

m

< £ a
gﬂ“ﬂ 1.42N15 Assembly WHANNIENULALABDUNTA (3)

{ A ¢
M3 Assembly WUANNIZNUUAzABUNIANTUYIAILED dnTog e

031N .43

Modute [ assembly 1] Model [2 Test o s [Fmie ]

e

B IFe Fp ii

o=
o

iy
dE,
x
g
o

>

& gt

= dy =
gﬂ“ﬂ 1.43N15 Assembly WHANNIENULALADUNTA (4)
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132  MWuUA Reference Point NUUYDI IATIa314
1. fan Tools

2. L’ﬁ’ﬂﬂ Reference Point. ..

Reference Point...

[E] File Model Viewport View Instance anstramt@e Tools | Plug-ins  Help K?
| -
DEEmE E — [@_{3

Attachment
W Module 3¢t * Wodek: [ Testl
_ Surface 13
Model Database EI "Q"‘ % :E Partition...
I Testl = E' Datumn...
=] % Parts (74) o P Display Group  »
[ Bus -- Loof_CG 280 Loof 001_26 I"_-ir L viewcut »
m f (L CADInterfaces »
= Concrete = : Customize...
ki Features (2) E, o Options...
o Sets (1) 7y
Ay Surfaces g
& Skins sk )

A o . A 9
:.j‘]J‘I/] 1.44M3AMUA Reference Point NUDLVDI 1ATIAI1 (1)

3. Lﬁ@ﬂﬂﬂﬂﬁ]ﬂﬂ]@ﬁ]ﬁ]ﬂiﬂ

=

R,
oy,
o .’L

A

=1 o . A 9
g‘ﬂ‘n 7.45713MHUA Reference Point NUDVUDI IATIAI 14 2)
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= Y a Y 3 Y
1.3.3 Lﬂﬂﬁiﬂt‘l‘ﬂﬂqﬂ CG Lﬂu‘ll’ﬂUﬂlﬂﬂiﬂi\?ﬁi?ﬁ@ﬂﬂﬂ%ﬁﬂuﬂﬂ

1. Lﬁﬂﬂ Rotate Instance

= File Model Viewport Yiew Instance Constraint  Feature Tools

DEEmE

Model | Results Module: |- Assq
gMudelDatabase EI : :{’ﬁ Q‘ % EEE
3 Testl =i

S Parts 74) —
Bus -- Loof_CG 280 Loof 001_26 @
Loof_CG 280 Loof 001_27 -- Right_CG 2.t i r :|
Right_CG 2..de Bar 003 -- Section In €

H |2 Materials (1) f1

- &% Calibrations -

H 38 Sections (7)

g
L
otate
stance

1=
[=T=]

[ =

E‘ Profiles ==
—]§ Assembly e d;l‘
@ Instances (129) %

fif¢ Position Constraints -
Q & Features (2) b -f#\,

4

517 n46madoalnseadiagn (1)

A 9 ¥
2. La@ﬂiﬂﬁﬁﬁﬁ'l\iiﬂﬂ\ﬁ’illﬂ

3. Done

517 n.47msdeeInsead e 2)
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A A 9 2
4. laﬂﬂﬂqﬂ!iu@uGUGQﬂ']ﬁlﬂﬂQjﬂ

= =S
5. LﬁﬂﬂﬂﬂﬂﬁWﬂﬂlﬂ\iﬂ"ﬁLﬂﬂ\ﬁﬂ

6. lapamnNIsoes

. .1‘ ®

511 a.48misBoalnseadiesn (3)

517 n49msdeelnseadegn (4)
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Module: Step

1.4.1

#3149 Step MU

1.

18N Create Step

= File

£ Model Database

B Testl
S5 Parts (74)

: -- Loof_CG 280 Loof 001_26

Leof_CG 280 Loof 001_27 -- Right_CG 2..t Side 00
Right_CG 2..de Bar 003 -- Section

|£ Materials (1)

Model

Viewport  View Step  Output  Other

DEEmE #

Model | Results

Bus

&} Calibrations
HT .

Tools

Plug-ins

2.
3.

5U7 A.50m 3319 Step (1)

1aon Dynamic, Explicit

Continue...

# Create Step ﬁ

Mame: | Step-1

Insert new step after

Procedure type: | General EI

e ==

Direct cyclic

Geostatic
Heat transfer

Mass diffusion
4 i | »

I Continue... I 3 ancel

=

51U A.51Msad19 Step (2)
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4. laa Time period

5. OK

& Egit Siep ===
MName: Step-l

Type: Dyruaenic, Explicit

Basic | Incrementation | Mass scaling | Othes

Deseription:
Time 9"‘0:
O [This sesting contrels the % of nonlinesr effects

Nigeorts o on  of lge displecements snd afects subsequint Steps.)

Inchude adrabatic heating effects

51 A.52M 3319 Step (3)

1.5 Module: Interaction

151  msasuriduiavesnouniany Insiaiesn

1. 1Bon Create Constraint

= File Model Viewport View Interaction Cpnstraint Copnector  Speci

DEE=mES

Model | Results Medule: |+ Interact
& Model Database E|
= Testl

B Parts (74)
Bus -- Loof_CG 280 Loof 001_26
Loof_CG 280 Loof 001_27 -- Right_CG 2.t Side 00
Right_CG 2..de Bar 003 -- Section

[Pz Materials (1)

&} Calibrations
ﬂE Sections (7)
& Profiles
ﬁ Assembly {; ‘4—’:"
ol Steps (2)
e Initial E‘
[Hoa Step-1 .
= B= Field Output Requests (1) X
EF History Qutput Reguests (11 + f

A Y Aa o o ~ [ Y
gﬂﬂ A.53M A3 NHITURTVDIAOUNTANY 1ATIAT 195D €))
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2.
3.

A Y Aa o o ~ o Y
31N A.54MIATNAIFNREVOIRRUNIANY INTIAT195D (2)

A .
aon Tie

Continue...

o Create Constraint ﬁ

Mame:

Type

Rigid body

Display body @
Coupling
Adjust points
MPC Constraint
Shell-to-sclid coupling
Embedded region

Equaticn

IContinue...I g 3 Zel

1
4. 1ARNNUAIUDIIATIES1

5.

Done

Mudule: |2 Interaction

= Modet |2 Test1

=1
am
A=
L2
gm
@m
=@
2

+/
i i
=

-

¥ A

B K| Sebect regions for the master surface

deeedually 5] { [F] Create surtace: |m_Surt-13 | | [Donel |

A Y a o o A o )
gﬂ‘ﬂ ﬂ.55ﬂ'liﬁ5'l\1N'JﬁllNﬁﬂlﬂﬂﬂﬂuﬂi@]ﬂﬂiﬂiﬂﬁi’liiﬂ (3)
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a X a a
6. DANUNINDUNITA

7. Done

Mudules [* Interaction =] Modek |3 Testl o] steg [ g
om
28

1@

{4 [3] setext regions for the stave surface | indvidually [=] (7] Create sutace:

A Y Aa o o ~ o Y
gﬂ‘lfl ﬂ.56ﬂ1‘iﬁ51\1N’Jﬁilwﬁ“llﬂﬂﬂﬂuﬂiﬁﬂUIﬂi\iﬁiNiﬂ @

152 msadnNganyuvedlnsiaing
[7J
I AN Create Constraint t@21897 MPC Constraint

2. Continue...

a2 Create Constraint ﬂ

Mame: | Constraint-3

Type
Tie
Rigid body

Display body
Coupling

MPC Constraint

ell-to-solid coupling

Embedded region
Equation

I
Continue... I@]

517 a.s7Msadreganyuveslnseadese (1)
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A = Y
3. laanya RP ﬂmﬂﬂﬂl@ﬂiﬂﬁﬂﬁﬁ’mﬁﬂ

4. Done

z ‘Lx
Select region for the slave nodes { Create set: -I @

517 a.ssmsaduganyuveslnseadege (2)

5. 1@APNUOVUDIATD

6. Done

Select region for the slave nodes ( Create set: | s Set-13 -I @

517 a.somsadreganyuveslnseadegn (3)



140

7. %o MPC Type 180N Beam

8 OK

" N
o= Edit Constraint [ﬂ

MName: Constraint-3
Type:  MPC Constraint

' Control point: m_Set-13 @
s_Set-13

B Slave nodes:

MPC Typef| Beam H

CSYS (Globaly [p L

o ] (B e

b

517 n.eomsadrganyuveslnseadegn (4)

. . X
153 @319 Interaction 52119 1AT 905 190U

1. Lﬁ’i)ﬂ Create Interaction

[E File Model Viewport View Interaction Constraint Connector  Special

DEE®S &
Model | Results Module: | Interactio

&) Model Database E| ( 1 }@ .

[= Testl

=[5 Parts (74)
Bus -- Loof_CG 280 Loof D01_26 o]
Loof_CG 280 Loof 001_27 -- Right_CG 2.t Side 00
Right_CG 2..de Bar 003 -- Section _5{ (Q
@ [F2 Materials (1) i
ﬁS} Calibrations _@
ﬂ} Sections (7) = =
@’ Profiles 1@
) fd Assembly AN
Slofa Steps (2) d
B e Initial =
[ o8 Step-1

ﬂ‘ﬁ .61A38514 Interaction (1)
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2. #1270 Step 1a0N Initial
3. e Types for Selected Step 1890 Surface-to-surface contact

4. Continue...

# Create Interaction u
Mame: |Int-1

Procedure:

Types for Selected Step

| Surface-to-surface contact (Explicit)

elf-contact (Explicit,
Fluid cavity
Fluid exchange

N\

E—

511 1.62m3@314 Interaction (2)

a X
5. @enwuannIsny

6. Lﬁ’ﬂﬂ Brown

v
o
Hix ﬂm-mumhﬂqﬂwmuu«@

511 .63m 3519 Interaction (3)
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7. 1800 Node Region

<@
&2
ER

;M
1

s
RP

X

i
33 Y
)
"-:-”.rL

b S

v

L.

Chaose the second surface type: I @

517 7.64M3e319 Interaction (4)

= L&J a 9 a d' dy
8. 1RONNUHIIATIAT NUTNUNIZNTZNUNY

9. Done

3 @

4= X Sebect puints for the second surface nodes (7 Create set; | TR0 @

g‘ﬂ‘ﬁ f1.65N138314 Interaction (5)
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10.

11.

%

189N Create Interaction Property

2 Edit Interaction =

Name: Int-1

Type:  Surface-to-surface contact (Explicit)
Step:  Initial

I First surface: m_Surf-19

®

el

f Second surface: s_Set-10

Mechariical constraint formulatior} | Penalty contact method H |

Sliding formulation: @ Finite sliding () Small sliding

Clearance

Note: Clearance can only be used with small sliding in the first analysis step.

Contact interaction property:

©

Create
Interaction Property

=1

Weighting factor @ Use analysis default () Specify

Contact controls: | (Default) [

5111 A.66M13514 Interaction (6)

12 ¥ Type 18 Contact

13. Continue...

== Create Interaction Property ﬁ

Name: | T @
Type

Film condition
Cavity radiation
Fluid cavity

1

Fluid exchange

Acoustic impedance -

I Continue... I : :tancel

g’ﬂ‘ﬁ ﬂ.67ﬂ13ﬁ%)N Interaction (7)
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14. AN Mechanical
15. 1@en Tangential Behavior
16. ¥7 51911 ® Friction Formulation !,’3 91 Frictionless

17. lamusu@ean1usnny 0.3

144

5 Edit Contact Property

3 Edit Contact Property

Name: IntProp-1
Contact Property Options

Mechanical

s ill be used.
Damage

Fracture Criterion
Cohesive Behavior

Geometric Properties

Thermal _Electric
B IsngentialBehavior |
Normal Behavior defin Contact property.

Name: IntProp-1
Contact Property Options

Tangential Behavior

Mechanical Thermal  Electrical

Tangential Behavior

menfmmmaml Penalty

Friction | Shear Stress | Elastic Slip |

1G9

Directionality: @ Isotropic () Anisotropic (Standard only)
[7] Use slip-rate-dependent data

[] Use contact-pressure-dependent data

[7] Use temperature-dependent data

Nurnber of field variables: LS

@

Friction

]

Cancel

Cancel

517 7.68M3314 Interaction (8)

Y

18. AAN Mechanical

19. Laﬂﬂ Normal Behavior
20. ﬁ’Jélalj’f) Pressure—OverclosureLﬁ’ﬂﬂ “Hard” Contact
21.

22. OK

ﬁ?ﬂall ® Constraint enforcement method Lﬁ 91 Default



4= Edit Contact Property

145

[~

4= Edit Contact Property

Name: IntProp-1
Contact Property Options

Tangential Behavior

Damping
Damage
Fracture Citerion
Cohesive Behavior

Geometric Properties

Mame: IntProp-1
Contact Property Options

Tangential Behavior
Normal Behavior

Mechanical Thermal  Electrical

Normal Behavior
B Pressure-Overclosure: I "Hard" Contact J I

Constraint enforcement methodf Default I @

Allow separation after contact

-@

Cancel

gﬂ‘ﬁ f1.69M3 e/514 Interaction )

1.6 Module: Load

161  asausalinens

L.

Laﬂﬂ Create Load

= File

DEEmE #

Model | Results

Model  Viewport View Load BC  Predefined Field Load Case Fq

£ Model Database E| : By
) Testl

Sl Parts (74)

Bus -- Loof_CG 280 Loof 001_26

Loof_CG 280 Loof 001_27 -- Right_CG 2.t Side 00
Right_CG 2..de Bar 003 -- Section

# 22 Materials (1)

- E} Calibrations

@ % Sections (7)

@' Profiles

E]§ Assemnbly

@of-n- Steps (2)

s a7omsadranseTdunas (1)
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#1290 Step 1a®n Step-1

Wve Category 180N Mechanical

Wve Types for Selected Step 1aen Gravity
Continue...

Tam Component 2 MY -9.81

OK

= Create Load

2~ Edit Load

Mame: | Load-1

Step: | Step-1 H

Procedure: Dynamic, Explicit

Types for Selected Step
@uncentrated force
Moment

Catego

() Acoustic

Mame: Load-1

Type:  Gravity

Step:  Step-1 (Dynamic, Explicit)
Region: (Whole Model) L}

Distribution: | Uniform

Pressure
Shell edge load

Surface traction Component 1:

o

O,

B.od)fforce Component 2:| -9.81

(®

Component 3:
Connector force

Amplitude: (Instantanecus)

AR

Coc ]

nnector moment

Cancel

sUN aztmsadnseiunas 2)

162 @3 Boundary Condition

1. 1290 Create Boundary Condition

=] File Model Viewport View

LDEEmE S

Model | Results

Load

BC  Predefined Field Load Case Feat|

1

£ Model Database

[=) Testl
B Parts (74)

Right_CG 2..de Bar003 --
[Pz Materials (1)

(S} Calibrations
ﬂ; Sectiens (7)

@ Profiles

Bus -- Loof_CG 280 Loof 001_26
Loof_CG 280 Loof 001_27 --

Section

Right_CG 2.t Side 00

Medule: |5 Load

4 Create
Boundary
E Condition

‘]J‘I?I f. 72ﬂ”liﬁiNBoundary Condition (1)

146



147

2. e Step 189n Mechanical

3. 1@en Symmetry/Antisymmetry/Encastre

4. Continue...

4= Create Boundary Condition - (ot S|
Marme: | BC-1
Category

Types for Selected Step

@ Mechanical Symmetry/Antisymmetry/Encastre
Displacement/Rotation
©) Electrical/Magnetic Velocity/Angular velocity @
_ Acceleration/Angular acceler
() Other .
Connector displacement

Connector velocity

Connector acceleration

@

‘ﬂ‘ﬁ A.73MI a5 Boundary Condition (2)

A &
5. 1a®n RP UaIny

6. Done

4 [3¢] select regions for the boundsry condition { (¥] Creste set: [T - @

‘]J‘ﬁ A.74MI a5 Boundary Condition (3)



7.
8.

3

Rl

9.
10.

La 90 Encastre

OK

4= Edit Boundary Condition l&]

MName:  BC-1

Type:  Symmetry/Antisymmetry/Encastre

Step:  Initial

Region: Set-11

Csvs: (Global) [y L

() KSYMM (UL = URZ = UR3 = 0)

) YSYMM (U2 = URL = UR3 = 0)

“) ZSYMM (U3 = URL = UR2 = 0)

() XASYMM (U2 = U3 = URL = 0; Abaqus/Standard only)

() YASYMM (U1 = U3 = UR2 = 0; Abaqus/Stan nly)
() ZASYMM (U1 = U2 = UR3 = 0; Abaqus/St y)

1N ﬂ.75ﬂ13ﬁ%}’1\3 Boundary Condition (4)
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189N Create Boundary Condition (la¢ 1aon Displacement/Rotation

Continue...

% Create Boundary Condition ﬂ

MName: |BC-2

Step: | Initial E|

Categery Types for Selected Step @

@ Mechanical

Velocity/Angular velocity
Acceleration/Angular acceleration

() Electrical/Magnetic

(©) Other
- Connector displacement

Connector velocity
Connector acceleration

.

3

11 a.76m3ada Boundary Condition (5)
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11. 1aon RP ﬂﬂlﬂﬂﬂlﬂﬂjﬂﬁ\iﬁi%ﬁﬂ

12. Done

T
M= | X Select regions fer the boundary condition | [ Creste see: FEEE @

g‘ﬂ‘ﬁ A.77MI A5 Boundary Condition (6)

13. 1@on Ul, U2, U3, UR1, UR2

14. OK

& Edit Boundary Condition =)

Mame: BC-2
Type:  Displacement/Rotation

Step:  Initial

Region: Set-12

CSYs: (Globaly [p L
Fu
[ u2
@
[¥] uR1
[E2EVw

Note: The displacemepikqundary condition
will be reappy cquent steps.
1

g‘ﬂ‘ﬁ A.78M39319 Boundary Condition (7)
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1.7 Module: Mesh
1.7.1 msﬁmuﬂmmmaamuéf

1. Lﬁ’ﬂﬂ Seed Part

= File Model Viewport View 5eed Mesh Adaptivity Feature Tools Plugl

DEE®E & ]

Model | Results | Module: [“esh
£ Model Database E| Q|I:..__] L 1
=) Testl - o
B Parts (74) [Secd Par
Bus -- Loof_CG 280 Loof 001_26 17N ]

Loof_CG 280 Loof 001_27 -- Right_CG 2.t Side 00 E;; %{!

Right_CG 2..de Bar 003 -- Section
[Pz Materials (1)

ﬁS} Calibrations

|
2@

ﬁ} Sections (7)
2 Profiles A =
ﬂ Assernbly _“ —

S0 Steps (2) &

JUn A.79MIMAUAVUIAL ANUA (1)

2. MUUATIADANUA

3. OK

2 Global Seeds -]

Sizing Controls

Approximate global size:lﬂ.ﬂﬁ I @

Curvature control
Maximum deviation factor (00 < h/L < 1.0): |01

(Approximate number of elements per circle: 8)

Minimum size control i
@ By fraction of global size (0.0 < min <1.0) 0.1
() By absolute value (0.0 < min < global size) | 0.005 i
I OK I @pply ] l Defaults ] l Cancel
|

A o a 14
E‘IJT] A.80N1TNUUAVUIALANUSA (2)

150



151

172 msmvuagduuueamud

1. 1@en Assign Mesh Controls

= File Model  Viewport View Seed Mesh  Adaptivity Feature  Tools  Plug-in

DEEmE & 1 5
Model | Results Module: |7 Mesh T

g Model Database E| Q‘ .
= Testl - B
By Parts (74)
Bus -~ Loof_CG 280 Loof 001_26 J ]

Right_CG 2..de Bar 003 -- Section
lU@ Materials (1)

Assign
Loof_CG 280 Loof 001_27 -- Right_CG 2..t Side 00 % Mesh Controls

&} Calibrations = o
ﬂ} Sections (7) I r:ﬂt
@‘ Profiles f: -
ﬁ Assernbly '__“ —e

Elof Steps (2) j

o= TInitial =

o Step1 &, dm
1B Field Qutput Requests (1) M [

31 a. 81mimwumﬂgmmeamu@ (1)

A vy &
2. LﬁﬁlﬂTﬂSﬂﬁﬁNWﬁMﬂ

3. Done

¥

LP ®
Select the regians to be assigned mesh controls  individually 5 @

310 a. 82msmwumﬂuum@amu@ )
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A a 4
4. Laﬂﬂgﬂuummmmuu@

5. OK

>
¢ Mesh Controls M

Element Shape

I-:- Quad @ Quad-dominated ) Tni I @

Technique

) Free |:|

Redefine Region Corners...

310 a. 83msmwumﬂ;mmeamu@ (3)

1.7.3 D13 Mesh

1. Lﬁ’ﬂﬂ Mesh Part

= File Model  Viewport View Seed Mesh Adaptivity Feature Tools

DEE= S &

Model | Results Module: | Mesh
@ Model Database E| Fad I
[ Testl
Bl Parts (74)
Bus -- Loof_CG 280 Loof 001_26

Loof_CG 280 Loof 001_27 -- Right_CG 2.t Side 00 & &
Right_CG 2..de Bar 003 -- Section

[Fz Materials (1) @
B
1

E} Calibrations

ﬂ} Sections (7] L
2 Profiles B [
ﬁ Assembly —_“ )

Do Steps (2) &
[ o= Initial
om o 1 il

3191 184715 Mesh (1)
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2. fan Yes

T

L..
OK to mesh the part @

31N 7.85M15 Mesh (2)

1.8 Module: Job
181  myaalddmesuamn

1.~ 129N Create Job

8] File Model Viewport View Job Adaptivity Co-execution Optimizati

LDEE=E E
Model | Results Module: |

£ Model Database E| Q‘ l‘; = 1
F-Output-1 -
% History Qutput Requests (1)
i“j Time Points m ||||
B;p ALE Adaptive Mesh Constraints Il =
=R, Interactions (1) ﬁ.x
Int-1
=1 Interaction Properties (1)
IntProp-1
ﬁ Contact Controls
;1?’ Contact Initializations
é\ﬁ Contact Stabilizations
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DESIGN AND ANALYSIS OF A HIGH-DECKER BUS
STRUCTURE TO WITHSTAND THE DAMAGE
UNDER A ROLL-OVER TEST

Rattiporn Klomkaew'*® and Kontorn Chamniprasart'®

'School of Mechanical Engineering, Suranaree University of Technology, 111 University Avenue,
Muang District, Nakhon Ratchasima 30000, Thailand

*rea_louslyi@hotmail.com, "kontormmi@sut.ac.th
Keywords: analysis, roll-over, Finite Element Method

Abstract. Up to now, industrial bus production in Thailand hasn’t reached the international safety
standard. So if we want te develop a demestic industry, we need to use modem technology and
engineering knowledge because when aceidents happen, it has an impact on many people’s lives.
Many years age people had to rely on their own engineering knowledge and less on the experience
of a qualified technician. So this accident research study 1s conducted on a high-decker bus in the
case roll-over sitmation. The bus’s structural damage will be analyzed using the Finite Element
Method. This can help to reduce production costs and increase efficiency. It will also help the
preduction of buses that will meet and comply with European standards.

1. Introduction

Bus preduction in Thailand has been going on for some time now. The chassis come from
abroad. Building the bus body in this country 1s one way to reduce the cost of production. But to
build an efficient product, design and engineering calculations are absolutely essential. Since the
creation of the bus, it has had an impact on many people’s lives. The government has to play a rele
n determining safety standards of buses by emphasizing the strength of the stmcture in the case bus
has an accident. The collapse of the bus structure will not reach a level where passengers are
harmed. To test the structural strength, calculations will be based on mathematical modeling and
software packages to help solve this problem Although not completely identical to a real accident
test, it can provide mformation and raise the level of Sﬂ.fEt‘j. at a much lower cost.

Suranaree University of Technology (SUT) 1s located in Wakhon Fatchasima province, which is
one of many provinces that have bus production on an industnial scale. Our researchers worked
together with Cherdehal Industrial Factory CO., LTD. for design and analysis improvements in
accident situations, to try to meet European standards.

2. Principle and Theories

2.1 Finite Element AMethod

The Finite Element Method “FEM’ (its practical application often known as Finite Element
Amnalysis or FEA), 13 a numerical technigque for finding approximate solutions of Partial Dafferential
Equations (PDE) as well as integral equations. The solution approach i1z based either on eliminating
the differential equation completely (steady state problems), or rendering the PDE into an
approximating system of ordinary differential equations, which are then numerically integrated
using standard techniques such as Euler's methed, Bunge-Eutta, etc.

1.2 ECE Regulation No.66

The United Nations Economic Commission for Europe (UNECE or ECE), is a regulatory agency
that 15 responsible for the design of road vehicles to provide a practical standard for road vehicle
trade in Europe. The agency has created a standard that covers the safety of the vehicle, the energy
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and environmental standards. In order to provide manufacturers with guidelines for the protection
of consumer rights, and of vehicle users generally, ECE .66 15 the required standard regarding the
techmical strength of the bus stucture cabin. It aims to protect the passenger compartment during
roll-over accidents. This form of technical strength, and equipment used in the production must
have enough structural strength in a roll-over accident situation. The residual space does not cause
passengers to be injured or harmed.
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Fig. 1 Besidual Space (a) Front View (b) Side View
Fig. 2 Roll-Over Test
3. Experiment

3.1 Design Process

Before designing the new structure, it is necessary to analyze the original structure first. In
damage analysis, the computer program will analyze a section of the bus structure to comply with
ECE F-66. Then change the structural design in areas where the structure has been damaged or is
not safe for passengers. The design process began with Cherdchai’s engineers and the SUT research
team sharing their expenience, and soon the first draft of the design of the bus structure was on the
drawing beard. Every component of the stmcture was designed keeping in mind safety, cost and
nide comfort. The design process was first done on a SolidWorks computer program. Each part was
given a netation and ID number for inventory purposes. This was also to ensure that customers
would have good support from all the buses structural parts in case of an accident.

Stainless steel 35 400 was used to reduce overall weight and increase the overall strength of the
bus structure. The designed bus structure 15 shown m Fig. 3

Fig. 3 High Decker Bus Stucture
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J.2ABAQUS Software

The ABAQUS program uses the FEA analysis method. It can analyze problems from linear-
static, dynamic and nonlinear as well as other complex problems. The results obtained are of high
accuracy and can analyze and solve various problems such as structural problems and thermal
problems. It can also analyze product details and impact on materials. This is an important facter in
the process of product development. ABAQUS software is best known for performance, quality and
the ability to analyze a variety of problems. and is more highly rated than other CAE software.
ABAQUS software 15 divided into three main sections

- ABAQUS/Standard for analysis of common problems such as static, dynamics, thermal,
contact and nonlinear problems.

- ABAQUS/Explicit for analysis of transient dynamics and quasi-static problems such as drop
test and crushing problems.

- ABAQUS/CAE for creating and modeling and viewing analysis results.

4. Analysis
4.1 Part Module

Designs are first prepared using SolidWerks, and imported into the Abaqus program. Files can
be imported in Parasolid, ACIS 5AT, IGES, Assembly Neutral, etc. Enter matenial properties such
as density, elastic modulus, Poisson’s ratio, yield stress, and plastic strain. Then assign material
properties into the expeniment.

4.2 Analysis Step

There are two major sources of difficulty in Abagqus/Standard contact analyses: rigid body
motion of the components before contact conditions constrain them, and sudden changes in contact
conditions, which lead to severe discontimuty iterations as Abaqus/Standard tries to establish the
exact condition of all contact surfaces. Therefore, wherever possible, take precautions to avoid
these situations. The bus structure will be put on a platform and the platform will be raised 2800 mm
off the ground. Setup contact interactions between the bus body and platform and specify whether it
has friction or not. Then set boundary conditions to make a slow tilt platform at 0.5 degrees per
second, until the bus stmcture falls onto the ground.

Fig. 4 Section of High Decker Bus Structure with Platform
4.3 Mesh creation

First select the type of element you want to use before designing the mesh. When choosing an
element type, you must consider several aspects of your model such as the model’s geometry, the
type of deformation that will be seen, the loads being applied, etc. The following points are
mportant to consider in this sinmlation:
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- The contact between surfaces. Whenever possible, first-order elements {with the exception
of tetrahedral elements) should be used for contact simulations. When using tetrahedral
elements, modified second-order tetrahedral elements should be used for contact
simulations.

- Sigmificant bending of the blank structure is expected under the applied loading. Fully
mtegrated first order elements exhibit shear locking when subjected o bending deformation.
Therefore, either reduced-integration or incompatible mode elements should be used.

3, Conclusion

This high decker bus must be safe to use in land transportation so it must meet the requirement
of the Department of Land Transportation of Thailand (DLT). Analysis with the computer program
following the requirements of the ECE F.66 can test either the whole bus, or just cne section. When
analyzing the structure, the residual space does not cause the passengers any injury or harm. This
research mn bus structural analysis 1s undertaken to obtan results which can be used to design a new
structure that 1s both stronger and safer.
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