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Abstract
This paper presents the using of non-linear finite element simulations on the crash behavior and to enhance the energy absorption of
the thin walled hexagonal tube subjected to dynamic loading and to decrease the peak load to ensure the occupants safety during
front collisions. Triggers have been applied to the thin walled hexagonal tube. Three trigger geometries have been applied circular,
rectangular and elliptical geometry. Three type of trigger distribution already have been studied. The positions and the size of
triggers are also investigated. It was found that the 10% per cent reductions with elliptical trigger revealed the best choice, it shows
enhancing in energy absorption about 8 percent and CFE about 13 percent and decreasing in peak force by 2.5 percent.

Index Terms: energy absorption; Finite element modeling; trigger
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1. INTRODUCTION

Human life is priceless, so researchers and manués of the
automobile industry emphasize deeply into the yeloccupant
safety [1]. To minimize the casualties there iseachto absorb
as much as possible of the kinetic energy causecobigions
[2-4]. According to the 2004 World Health Organinatreport
[5], 3000 people are killed daily due to road aeqid these
statistical ensured that the vehicle crashwortlsinebould
continue in both academic and industrial reseasciverldwide.
[6-12]. Many studies [13-15] have done on the thialled
tubes, these studies summarized that the tubeg ulydamic
loading absorb more energy than quasi-static.

Generally the progressive buckling almost showsersdv
collapses like axisymmetric (concertina), non-axisyetric

(diamond), mixed (concertina and diamond) and Etylee

buckling. Energy absorption depends on the collapsée, and
more energy absorbed in a progressive buckling thaan

Euler-type buckling [15]. The applied of reducticisgger) is

one of the way that enhance the energy absorpfidheothin

walled tube and decrease the peak force [18-20].

© @

Fig 1 types of folding mode (a) axisymmetric (concerjr{h)
non-axisymmetric (diamond) [16], (c) mixed (congstand
diamond), (d) Euler-type [17]

The triggers used in this study were circular, angtilar and
elliptical reductions and the tubular structuraltenml was
modeled as A36 steel (mild steel).

2. CRASHWORTHINESS PARAMETERS
2.1 Crush Force Efficiency

The crush force efficiency (CFE) can be definedaasean
crushing force (Pmean) divided by peak crushingl [(Rmax)
as follows.
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The crush force efficiency is very important pargeneised to
evaluate the performance of energy absorbing stresf{22]. A
value of unity of the energy absorber member reprssan
ideal energy absorber which represents a valueh@fctush
force efficiency corresponding to
displacement curve [23], while the low values imadéc
happening of greater peaks of force during cruski2dg. Low

values of crush force efficiency means high peaksef which
leads to increasing in acceleration and potentahabe to the
passengers during frontal impact which must be dahi CFE
is related to the structural effectiveness and iam important
measure for car structure to know how efficienisif25]. A

high value of CFE is desirable and must be maxichesed this
can be obtained by decreasing the peak load. nting trigger
mechanism is usually used to decrease the peakaoddhus
increases the CFE value. G.M. Nagel, D.P. Thanmizrat

showed that the crush force efficiency can be meed by
increasing the wall thickness of the tube [26].
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Fig 2 ideal load-displacement curves [21]

2.2 Energy Absorbers

The aim of energy absorbing (longitudinal membes) td
convert the kinetic energy to other form of energlyen it
deform. Another objective of the longitudinal menshés to
reduce the peak reaction force associated durimgdémsince
greater peak values can cause large deceleratioiesvahat
probably cause irrecoverable brain damage [27]. @hergy
absorption performance can be calculated from ibed-|
displacement curve. Energy absorption EA is denaedan
integration of a load-displacement curve as below

5b
ea=lo P-d8 )

When P is an instantaneous crushing Io%’, is the length of
crushing specimen. From the equation (2)

the constant 1load

5b
eazlo P-d8_p_ (8b— &i) 3)

WherePm is the mean crushing Ioa@,1 is the initial length of
the crushing specimen. Ideal energy absorptiondcachieve a
maximum force and keep it constant during the entir
deformation length.

23 Trigger Mechanisms Trigger Position and
L ocation

Enhanced of energy absorption of a tube can beinauteby

applying a specific trigger in a proper positiom @e other
hand the trigger will decrease the high peak lceglired to

start the first fold. The fold becomes regular andre stable.
Since the hexagonal profile has six sides, it gshalgdfine the
position and distribution of these triggers. Diéfet reduction
percentages have been used to verify the best treduzne.

Beside the reduction percentage, the location oichwvide of

the hexagonal profile must be triggered is alsandef Since
the hexagonal profile perimeter was 300 mm theh sée has
50 mm. three types of trigger have been used rgolan

elliptical and circular triggers. The reduction gemtage of each
type of trigger was equal and the area of themal&s equal to
verify the trigger shape effect.

Three types of distribution have been used caliiest, second
and third type. The first type was done on theuténc shape.
Six holes have been done on the hexagonal préfilethis type
of distribution, the trigger holes were distributexh the
hexagonal sides, so each side has one hole in iddlenwith
reduction percentage of 10 percent. The circulaméier was 5
mm the total reduction was 30 mm for all sides. Beeond
type of distribution represented as two holes toget The
distributing of the holes was distributed as thpe@s. So three
of tube sides will be triggered while the otheretaill not, and
the holes distributed alternately on the sides. fFlyger side
has two holes which distributed regularly the dists from the
end to the center of circle and the distance betwke circle
centers are equal. The third type of distributiaswepresented
as two pairs of circular triggers. Each pair hagéhcircular
holes. So just two side of hexagonal profile hagerbtriggered.
The triggered side then will be opposite and fa@agh other.
The distances between each centers and the distamethe
end to the nearest circular centers are equalfigihee 3 shows
the three types of trigger distributions.
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First distribution Second distribution Third distribution

Fig 3 types of trigger holes distribution

First Distribution

Second Distribution

third Distribution
Fig 4 types of trigger holes distribution two dimension

Several distances have been studied to verify #st tsigger
position and to find the proper trigger distancegder position

denoted to the distance (d) from the front endhefliexagonal
profile to the center of the trigger shape. Theadises taken
into consideration were 20, 30, 40, 50, 60 and 7. Mhe

simulations was done have taken into consideratienprofile

thickness was 2 mm with the crash speed of 54 laméhimpact
mass of 275 kg.

3. RESULTSAND DISCUSSIONS
3.1 Effect of Triggers on Force Level and Energy
Absor ption on the Steel

By applying weaknesses (trigger), it can be obthimeore
stable force along the deformed profile, reducepbak force
and enhance the energy absorption capability. Regldorce is
one of crashworthiness demanded so keep the passesafer
by reducing the transferred force to them. Gettitaple force
is preferred to obtain more folding process so #mergy
absorption will increase and hence more impactgneaused
by collisions can be dissipated.

(a) Without trigger

(b) with trigger

Fig 5 hexagonal profiles without (a) and with (b) trigder
steel

The energy absorption for both triggered and niggéred
profiles were compared as shown in figure 6. Nogggred
profile is stiffer so it absorbs more energy at tieginning of
deformation afterwards the triggered profile witlsarb more
energy and this may attribute to the more foldinly generate
because of the trigger.
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Fig 6 energy-displacement hexagonal profiles without \aitd
trigger for steel

Lower peak force can be obtained by applying thiggeeshown
in figure 7 also by applying trigger the force lewadong the
deformation length is more stable than non-trigdgnefile.
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Fig 7 force-displacement hexagonal profiles without asitth
trigger

3.2 Trigger Position and Location

Weaknesses and trigger must be located in propéwotitained
as much as possible lowering in peak force anceasing in
energy absorption. At that position the more stdbtee level
can be reached and fluctuating can be decreasesl.b€ht
position for the trigger is when the first fold fisrmed. Six
different positions have been taken to specifyrtbtfects.

3.3 Trigger Geometries

Circular, rectangular and elliptical trigger georiest have been
studied. The simulations are done on the hexagmadéile with
a rigid front end at 54 km/h. Simulations have bdene on the
triggered profile. Different shapes reveal diffdregsults. The
most influence shape that affected both peak farak energy
absorption will be taken as the best geometry.

3.4 Circular Trigger Distributions

Three different distributions have been implementedelect
the best one. The distributions are shown in fidure

(a) (b) (c)

Fig 8 different distribution (a) first type (b) secongé and (c)
third type of distribution of steel material

The reduction percentages for all triggers wer@df@ent since
the hexagonal profile has a perimeter of 300 mmn tthe
reduction percent will be 30 mm for all sides. TEablshows the
simulations done on the hexagonal profile with d&c hole

triggers regarding the first type of distributiohe table
included the effect of first distribution on thegieforce, energy
absorption and CFE. From the results shown indb&t it can
be concluded that the first type of distributiors im® significant
effects on the parameters and these parametersl rence
influence by this type of distribution.

Table 1 effect of circular triggers with first type of dibution
for steel

Criteria

Energy absorption Peak force CFE
(L8)] (EN)

Trigg:

distance

, . 266 214 398
Without trigger

215 213 493
20 mm

218 212 505
30 mm I

22 212 50.5
40mm

50 mm

228 213 335
60 mm

70 mm

Tables 2 and 3 show the results obtained from sitiauds done
with second and third type of distributions respety. From

the results obtained, it can be concluded thatethesre some
increasing in energy absorption amount when thgger

position is 50 mm and some increasing in CFE vhkiger than
other distances. The second type of distribution5@tmm

distance reveals lower value in peak force thaml thine.

Table 2 effect of circular triggers with second type of
distribution for steel

Criteria
Trigger Energy absorption Peak force
(KT) BNy
distance

Without trigger

20 mm

30 mm

40mm

50 mm

60 mm

70 mm

3.5 Rectangular and Elliptical Triggers

Rectangular and elliptical triggers have been iadpbn the
hexagonal profile. Six different distances (posijiowere
carried out on both. The trigger areas of all geoe® were
equals also the reduction percentages were equath B
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rectangular and elliptical triggers representethassecond type
of distribution. So three alternating of hexagopabfile are

triggered. The reduction percent was 10 percerth®fwhole

perimeter. The trigger was represented as a hdkeicgenter of
the triggered side for both geometries. Tablesdlmshow the
results obtained from simulations done with rectdaug and

elliptical triggers respectively.

Table 3 Effect of circular triggers with third type of difbution
for steel

Criteria
Energy absorption Peak force
L8] (KN)

Trigg: CFE

distance

‘Without trigger

=]
=1
]
=]
]
v

=
o

20 mm

]
=1
oo
=]
=]
%
=
%]

30 mm

=]
]
(=]
]

40mm 514

50 mm 247 212 357

60 mm 20.7 213 43.6

70 mm 227 213 33

First distribution

Third distribution

Second distribution

Fig 9 deformation profiles of non-triggered profile aciccular
trigger with different distribution for steel

From the results shown, it can be observed thatetfigtical
trigger at position 50 mm reveals the best cholteoffers
increasing in energy absorption value about 8 mereand
creasing the peak force by 2.5 percent, it alsowshan
enhancement in CFE value about 13 percent.

3.6 Determination of the Best Trigger Dimension

The purpose of the trigger is to develop the fajdits much as
could. Using small trigger reduction is not desibetause the
initial peak force does not reduce enough and olding may

not develop properly and get irregular fold. Unlikgeing large
area trigger reduction causes decreasing in ergbggrption

and decreasing in stiffness and hence the bendsigtance will

be lower. Simulations were done using the hexagpeameter

with 300 mm and 2 mm thickness. To specify the egger

reduction percent, three different reduction perdeave been
used in addition to non-triggered profile of 0, &), and 15
percent. Figures 13 and 14 show the force and gnerg
absorption levels. Table 6 shows the values of gner
absorption, peak force and CFE.

Table 4 effect of rectangular triggers on the peak fonoe a
energy absorption for steel

Criteria .
Trigger Energy absorption Peak force CFE
19)] (KN)

distance

Without trigger 26.6 2.14 598

b
o
v
b
b
v
=7
L

20 mm

b2
3
o
(=)

30 mm 53

=}
=
o
(=)

40mm 518

=)
u

ko
(=)
b

50 mm 9

(=)
=%
123
[
[
=3
=)

60 mm

[
L
in
[
[

70 mm T

Table5 effect of elliptical triggers on the peak forcedanergy
absorption for steel
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Energy absorption Peak force CFE
&I (KN)

Without trigger 26.6 214 50.8
20 mm 2458 211 56.4

30 mm 33 207 555
40mm 237 2.08 553

50 mm 87 2.09 675

60 mm n3 21 552

70 mm 35 2.07 555

Table 6 energy absorption, peak force and CFE values of
hexagonal with different reduction percent for ktee

Force (KN)

2
\

50

!
[ ———

Tiggertype Energy Absorption Peak force -
LY, (KN)
No trigger 266 214 508
5% elliptical 253 214 553
10% elliptical 287 200 67.5
15% elliptical n 203 45
250
200
h\\ ——without trigger
150 T e n —R—M\——— e —5%

10%

N

—15%

Displlpgment (mm) 150

200

Fig 13 force-displacement levels of different reducti@mngent
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Fig 14 energy-displacement levels of different reduction
percent

15% Trigger (ellipse)

10% Trigger (ellipse)

Fig 15 deformation profiles for different reduction pemt

CONCLUSIONS

Trigger which means to create weaknesses of tuliapoove

its performance in terms of energy absorption and
crashworthiness. Different type of triggers givesfedent
performance. To get the best qualification of tliggered tube,
the trigger should be in a proper position withhoepecific
geometry and reduction percent. Circular with défe
distribution, rectangular and elliptical geometrieave been
used in this study. The results show that the tedljp geometry
reveal the best enhanced in energy absorption &ittl & the
same time it offers lower in peak force and mogular folds.
Six different positions of 20, 30, 40, 50, 60 ar@ m also
have been carried out. The results show that ttsitipo of
50mm was the best. Three reduction percent haven bee
implemented of 5, 10 and 15 percent beside ther€epe The

5 percent shows the peak force still too high dedenergy still

at low level. The 15 percent shows deceasing inrggne
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absorption and decreasing in peak force which mayse
lowering in stiffness and hence lowering in bendiagistance.
The 10 percent reduction shows the best reducteroept it
reveals enhancing in energy absorption about 8cpat and
CFE about 13 percent and decreasing in peak foyc@.B

percent.
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