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SARANON SAMOHBASA : THE DESIGN OF FRONTAL BUMPER
COMPONENT USING POLYURETHANE FOAM-FILLED ALUMINUM
TUBE MATERIAL FOR PASSENGER BUS. THESIS ADVISOR :

ASST. PROF. SUPAKIT ROOPPAKHUN, Ph.D., 72 PP.

POLYURETHANE FOAM/ENERGYABSORPTION/ALUMINUMUBE/

CRASHING FORCE EFFICIENCY

The purpose of this research is to study the energy absorption behavior of
aluminum tube reinforced with polyurethane foam used design energy absorb parts for
front impact of passenger bus according to United Nations Economic Commission for
Europe Regulation-29 (ECE R-29). This study focuses on the effect of polyurethane
foam density and corrugated number of aluminum tube under axial compression to the
mechanical performance including energy absorption, maximum-minimum force,
mean force and crashing force efficiency. The design and analysis were performed
using finite element software called ANSYS Workbench LS-DYNA. The finite element
results revealed that the increase of polyurethane foam density effected to the energy
absorb as well as: crashing force efficiency. The aluminum tube model without
corrugated with the polyurethane foam density of 200 kilograms per cubic meter
displayed the maximum energy absorption of 12.31 kilo Joule and crashing force
efficiency of 78.04 percent. While the increase of the number corrugated on aluminum
tube contributed to the decrease of the energy absorb and crashing force efficiency.
According to the verification, the finite element result was then compared to the
laboratory testing and the maximum error value displayed of 17 percent. The design of

energy absorption component for front structure of passenger bus revealed that



maximum deformation was decreased from the conventional structure of 45.56 percent.
In addition, the strain energy on the driver seat structure does not exceed the failure
strain of the material. In case of five absorbed component installation, the kinetic energy

was reduced from the conventional structure of 59 percent.
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Corrugated | Density(Kg / m? ) Max load (kN) | Mean load (kN) Energy (J)
0 147.21 87.87 7,773.68
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441  msfSeunguanuanselumsgadunasnuuazdszansmnmsyu

NITUND

° o I 2 1 @
Glum'il,ﬁaﬂl,lfu1Jmaaﬂumam"lﬂaammmﬂu%uaau@ﬂ%umﬁﬂimmﬂiu

Y
50 lnga1suu Wiﬂiﬂ!ﬁnﬂﬂ’ﬂll?HlﬂiﬂGI,L!fﬂi@@1G]i‘]JWﬁ\NTLJl,l,ﬁZﬂizﬁﬂ‘ﬁﬂ1Wﬂ1i%uﬂi$L!ﬂﬂ

= a s Y d a o 1 1 a A A 1 = =
qmnﬂmi’;mswwmﬂiﬂsuﬂsu"lwlumaame wmmeezgmuauﬂmmsmaaui%u

nstasu Indgimu Trluianunuiiy 200 kg/m® fanuamisalunisgadundinugs

Ngan 12.31 kI uazlss@nsmMunssunssunngIngan 78.04 % uagwuNmsimysiuI

o 1 a A g Y a Y A o A A o Y
aauﬁumu‘u‘umaawlaezgmuauuum‘lmmmaﬂaﬂuaﬂaQmmmﬂuiﬁﬂimmaﬂammiw

a = A~ o o ' A A Ay 1A = A o 1w
Lﬂ@msmﬂgﬂmamﬂnﬂmmnmaama@zgmuaw“lmmssﬂaaumzﬂzmiqummmu Tﬂfl

ANNENNI0 luMIgAFUNAINUYDINBDZ QilIlENLaAIAIFIN 4.16 uaziszAnTnIMMIT YU

ATZUNAUAAAIZUN 4.17



12000

10000

8000

6000

Energy absrop (J)

4000

2000

0

RN

==
&

AN

v

%

NS
i

&

M

04
=
b
o))
[e2)]
=
®)
La)]
[e0)]
=
~
o |
[e2)]
=

& NoPU
= PUS0
8 PU100
2 PU200

31U 4.16 trunMMsSsumvUANNANTA TUMIGAFUNTINUVBWDUTIABY

30 4

60

40

CFE (%)

20

N

NN

{{@i

i

&

W\%

I
5l
@
=

i

v

[\*)
=l
=

= NoPU
= PUS0
3 PUIL00

. PU200

v

JU 4.17 unummmsfTeumeulssansammIsunIzuNNve U UIIABY

a d o a
45  WAMTIAZHMUUDI091ATIa3 1930 A8 SHULIAN
MNTVoRIMUA ECE R-29 Famuuali Inssa3 190 1a5umdsauaaiimny 55 kJ aa

< < . a ¢ <
Lﬂuﬂ’ﬂlllifli%}u 8.5635 m/s IﬂEJbl‘L!ﬁ’J‘L!GU’ENﬂTi’JLﬂi13‘ViﬂﬁnmlsllQLL?Q%@QIﬂiQﬁ%NiﬂIﬂﬂﬁTi

Y
uuuauiaaae 11




51

451  maeglvedlassadesalagms
& ¥ Yo o 4 Y
WeaTnseadesnlasas Ia5Dwasnueainnmsyunszunnveagniu
1 9 o [ Y = I o a ~ 1 [
wu Tnssadrenusudrunthyauiluiag Steel STKR 400 namsidogiuazaromnaaa 'l
dalnseadruenguihae lldalnseadediundin saunsensInssaenurudrunthduia
(% A o Y o A A 1 o 9 = o 1 A a =
Auuad s lindsuimdegnaiemlidiTaseaiwvowsad Tasdumvisiimamadogl
a o [l 4 1] [ I
guna a MurigaleuduuuasInanves Inssadwnusudiuniuiluszes 378.83 mm

weraelugilin 4.18

B: Front impact Model : 2
Figure

Type: Total Deformation
Unitt m

Time: 5.e-002

. 0.27883 Max
0.35177
1 032471
0.29765
0.27059
024353
—1 021647
1 0.18941
0.16235
0.13529
Q.10824
0.081177
0.054118
0.027059
0 Min

JUN 4.18 uwunmmsidegvesInssadesa lasasuuu@y

v
a K v

452  anuAuimavunulassaieselasans
A Y} Yo o ¢ ' o
Wolasaaiiesn laeas a5 UWAaIUIAUNAMITVUATLUND WU AAY
2 a 9 o ' 9 ' o ' v 2 ' 9 ' o
Gunen Inssadenusudiuniinazgnote llgumguinayug Iassadediunasm

Y 1 a % % 3 o ZIJ
wnsgnelassadnnusudiuniunamsdudanuusadii lnanuduiunszaeing
Tasead1vewraduazgnorom lUdediuvesInssadedoslagasuaz Tnseadedau
Y 9 v Vv Y a & 0 ' ) a
A0 Tagasaiosuny Tasanudugeganatiu o duvisInseadauradaiu

Y dl a [ v @ 9 % a1 [ Y d'
nimmamsdunany Iaseasevesnuyuiaunny 822.2 MPa uﬁmiugﬂm 4.19



52

B: Front impact Model : 2
Figure

Type: Equivalent (von-Mises)
Unit; Pa

Time: 5.e-002

8.222e8 Max
I 7.6347e8
7.0475e8
— 6.4602e8
5.8729e8
— 5.2856e8
= 4.6983e8
4.111e8
3.5237e8
2.9364e8
2.3492e8

1.7619e8
1.1746e8
5.8729e7

G Min

~ Y Y a
ETJVI 4.19 LHUNMNANNAUYDY IATIa5 1950 lagasUu LAY

v
= U

= a dy Y
4.5.3 ﬂ'J'IN!ﬂﬁﬂﬂﬂ!ﬂﬂm‘”ﬂ‘ﬂiﬂi@ﬁﬁ1ﬂﬁﬂiﬂﬂﬁ15
~ A a 3 o 9 Y Y v Y
AUIATYANINAVUN Iﬂi\iﬁi'l\ﬁﬂiﬂﬂﬁ?ﬁuuiJﬂ’NiJﬁ’E]ﬂﬂﬁ@\?ﬂ‘]Jﬂ’ﬂiJmu
9 ] Y1 A ~ a £ o Y o Y Y 2 Y Yo
Gll’t’)\‘liﬂi\‘lﬁ'i“liiﬂ@ﬂﬁ?i L“Viuhlﬂ'ﬂhﬂ’ﬂlllﬂ5ﬂﬂlﬂ@ﬂluﬂ“].lIﬂi\‘lﬁ'iNﬂu%u@'luﬁu1“lf<lulﬂiﬂﬂ'li

Y 1 @ = 9 ' o A
ﬂiglﬂﬂﬂﬁ]’lﬂ‘JJ'JaQf‘lﬁ{]lll,l,a3Qﬂﬂ?ﬂl‘ﬂUlﬂﬂ\jl!“]ff’f“lﬂlﬁgW’E]\“II@EJ’ET’]T]JW\‘I@"JU muﬁﬂﬂugﬂﬂ 4.20

d' ~ 9y a
qi]‘]J‘I/] 4.20 LLNuﬂWWﬂ’JHJLﬂ‘iﬂ@ﬂlﬂﬂiﬂiﬂﬁi?ﬂiﬂiﬂEI’L‘TTD'LL‘U‘UL@M



53

v
T A v U

454 ANWAIYA Y AMHUITITIRTVA

t%

1 a 4 o ) { Q'I { 4
Tudauvesnisinsizianuason o @1nusveINuIduuimegaiy
9
A

v
[ [ Y

U
= A a X A d Yo AR Yo 1A =
[@INWNOAVUNLUN N4 Usllclﬁgl‘lf?ﬁﬁ] Steel STKR 400 'J'Ilﬂﬂﬂ'lilﬁﬂ'ﬂ'lﬂ‘ﬂi'ﬂ]llluu Iﬂﬂﬂ']i

o [ = o

A379A0VAINNNATIATAANDIAQNIUAVANINIATIA Y JAUANHNYDITAG WU

~ A a g v 9 A a g o A 9 A 1T
ANNATIANNAVUNUNUIVUUNAVUGIFA U A lnseaievesso laoa1siyouneny

q

Ad Yo

MDY BAwNAY 0.0031 mm/mm lumumanuazen o auaninuoaiag aadaalugil

=
N 4.21

B: Front impact Model : 2
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The Impact of Foam Density and Number of Corrugation to Crashworthiness in Aluminum
Tube filled Polyurethane Foam under Axial Compressive Loading
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Abstract

The raim of research is to study the characteristic of energy absorption for aluminum tube filled
polyurethane foam. The impact of foam density and corrugated number of aluminum tube under the axial
load were considered. In the studly, finite element (FE) model was createc and analyzed by using computer
program called ANSYS Workbench LS-DYNA. The aluminum tube model with a ratio of height to diameter of
1.5 and a thickness of 3 millimeter was establishec. The material properties was obtained from the mechanical
laboratory testing cata with Standard! Universal Testing Machine (UTM). Consider the density of polyurethane
foam in 4 difference density which including the four patterns of the corrugated aluminum tube were performed.
The comprassive displacement-controllea loading was carried on 50 percentage of tube height. The FZ results
showed the censity of polyurethane foam affect the ability to energy absorb. While increasing the number of

corrugations results in reduced crashing forcec efficiency that the maximurn energy absorption occurs in the
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case of aluminum tubes filled polyurethane foam density of 200 kilogram per cubic meter equal to 18.2

kilojoule.

Keywords: Polyurethane foam density, Number of corugations, Energy absorption, Crashing forced efficiency.
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