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Abstract,During the course of vehicle iImpact, the impact energy is sbsorbed by ve-
hicle body deformation. Because the deformation length is limited. by the living space for
the occupants, the impact force will be too large for vehicle and-occupsnts to endurs,
This paper presented B new active type of collision energy absorbing equipment. This e-
quipment can stretch out the cnergy absorbing section and.the bumper in front of the au-
tomobile when collision is unavoidable . The collision force can be cffectively controlled
with the extended deformation length during crashes. So, the damage of the automobile
and the force act on the occupants can be significantly decreased.
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1 Introduction

Various energy-absorbing equipments used in some vehicles today to absorb colli-
sion energy by deforming when the collision takes place. For this-kind of cnergy absorb-
ing equipment fixed on automobile, the collision force may be very great if the deforma-
tion of the automobile body to be controlled within limited energy absorbing length. The
supporting structure usually can’t bear it. On the other hand, in order to decrease colli-
sion force, the deformation space must be increased, which makes automobile design
more difficult. So, the energy-absorbing equipments used in vehicles today is difficult to
obtain better energy-absorbing effect and the vehicle body will be badly damaged un-
avoidable, and passengers willffer great collision load.

The new type of energy-absorbing equipment presented in this paper will put for-
ward the bumper and the energy-absorbing section when it examines the unavoidable

collision. The collision force can be well controlled because the energy-absorbing equip-
nents have large deformation space, which helps to decrease the damage of the vehicle
ind the collision load on the passengers. So, both the vehicle and passengers are pro-
ected. This kind of equipment has a simple gtructure and low cost. It is therefore valu-
ble for widely using in new vehicle design.
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2 Structure and Working Mechanism

The vehicle collision process is a process transforming the mechanical energy to de-
formation energy and other types of energy. According to formula (1), if the kinetic en-
ergy is determinate, the work (W) which added on the vehicle is determinate. To de-
crease the collision force (F) and the acceleration the passengers endured, the action dis-
tance (S) of the collision force must be increased.

W=FS (1

In the ordinary automobile body design, designers must ensure the front part of ve-
hicles absorb energy as much as possible and limit the force and acceleration act on the
passengers in regulated range when the front collision happens. This will make it diffi-
cult to prevent engine and gear-box invading into passenger compartment and will lead
to great damage of vehicle body and other structures in front of vehicle. So, deformation
space must be increased in front of vehicle to decrease collision acceleration and prevent
over great damage of vehicle body.

Usually, many collision accidents occurred not because the drivers have not found
the barrier in front of their automobile completely, but because it’s too late for them to
brake or take other measures to prevent the collision. Hence, if the deformation space
can be increased in a short time when the control system has detected the driver’s urgent
brake which usually taken by the driver when they find the barrier, energy-absorbing

effect will become much better. il
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1. bounding poles 2.spring 3.electromagnet 4.bolt 5.bumper

6. energy-absorbing columns 7. shell 8. impel device (spring)

Fig.1 Working mechanism figure of the active type of energy-absorbing equipment

Several shells (7) are fixed on the vehicle body or carlings, energy —absorbing
columns (6) are assembled within the shells, sections of columns and shell can be de-
signed as rectangle, rotundity and other polygons which can make the intension and the
energy-absorbing effect of columns perfect. The front extreme of column connect with

bumper (5), and the other extreme connect with Impel device (8). The impel device
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(8) in loented Hetwesn 1he botiom of cad#mn (6) and thet of the FheH (7). #rd s4h R
pel the eolumn And bumpsr (B) at the momert just belors sotHEoR 19 Hersmie the Vel
ele delormaton distanes, The Hnpel devics san be demRRsd & FPRAG OF RAS BENOTRERE
devies: The gas-generatng device explodsh aid GOREFALER HAREH 19 HPE! colwmy (6) he.
fore eollislon, A hele in the back cpd of column (6) nssords with he hele ia the shall
(7). belt (4) inaerted i the 1we holss san be pulled out by clestromagnet (3). Two oF
more bounding pelep (1) are put on the shell €7) ard sash connests with & compremsed
apring (2): Ordinary, ag in figure 1€a), column (6) in inntatled in shell (7)), bojt (1) is
inveried 1 the holes i shell (7) and eolumn (6) whish malss solumn €6) saaROt WEVE
in ahsll (7). When driver thkss urgent braks before sollivion happening, the vehisle will
suffer great accoleration, and the control system will detest it and sond semmﬂﬂq) 16 the
elestromagnet (8). The elestremagnst (8) will be elestrified, bolt ¢4) will move up-
ward and be divoreed [rom eolumns (6) and shell (7). At the same time, the com
pressed speng (2) will push eut the boundiag pele (1) 1o let the bounding pols provent
column (6) move baskward, shown as figure 1<b)., In this way, the part of columa
pulled out ean provide large deformation distanes. 1t drapes, absorbs collision energy to
protect vehicle and passengers when collision happens. ‘This kind of squipment can pro-
vide large energy absorbing distanee, decrease collision aceeleration, inerease enssgy ab-
sorbed by deformation and ensuse the living space for passengers.

3 Ensrgy-absorbing Performance of Thin Walled Columns

Thin walled columns are made of thin steel plate (thicknesss 1~2mm), the section
shape csn be rectangle, rotundity and other polygons. Researches make it clear that the
thin w;lled @l@n with rotundity section has bettex energy —absorbing effect.

B}T the careful design of the configuration parameter of thin walled columns, the de-
formation state lof the thin walled columns can be well controlled in collision process, so
the acceleration of the vehicles can be controlled in an ideal condition. Acceleration
curve of one kind of vehicles in front collision without accessional energy-absorbifig e-
quipments is shown as figure 2, Another vehicle with thin walled columns to absorb en-
ergy is shown as figure 3. It can be seen that. with the. columns to absorb energy, the
collision acceleration of.vehicles: will become flatter and the acceleration peak value de-
creased, which is an ideal state for passengers.

We also analyzed energy — absorbing process of columns with various section
shape, thickness using LS — DYNA analysis software, acquired the parameters of
columns demanded by various vehicles, as shown in Figure 4 and 5.
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Fig. 2 Without energy-absorbing equipments Fig. 3 With energy-nbsorbing equipments
aftJiﬁLtﬂﬂ T . 00800 0 L LB
AN i e S M WS TR A
2t > b s -
200 FF AT AR L L T EEF TR =
e H i
_"7.'. T T 'L ..4.”,%,- FHARRITE .nsgiﬂ— ‘LE
0.0(;0 0.0}0 0.(;20 0.0|30 01')40 0.650 0.0l60 0.(;70 O.OBIOS

Fig. 4 Acceleration curve of the sled with square section Fig.5 Finite element analysis result
thin wall energy absorbing column

4 Conclusion

The new active type of collision energy absorbing equipment decreases the collision
acceleration to protect passengers through increasing the deformation space. It can also
minimize or avoid damage to the vehicle body when collision happens through using the
equipment to absorb much collision energy.
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