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Influence of the vehicle front shape inTeenage Cyclist-Vehicle Crash
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Abstract: In this work the data, obtained for the three vehicles (sedan, SUV and Pick Up), tested in previous
works, are compared. Following the results found in the literature, particular emphasis is done on the speed of
the teenager cyclist head at the instant of impact and the diagrams of the head speed and the chest obtained in
the simulations are shown. The speed of the head is that absolute, and this is used for processing the data and
the subsequent determination of the best values of the three geometric actual parameters identified in front of
the vehicle. Absolute speed is preferred because using the relative speed respect to vehicle, some amounts that
cannot be disregarded are omitted from the evaluation. The chosen speed is 30 km/h because higher values
appear too dependent on the mass of the vehicle, while lower values may not result in serious injury and are
therefore less attractive. The procedure, to obtain the optimal values of the height of the bumper, the height of
the bonnet and of the inclination angle of the bonnet is illustrated in the case the side impact vehicle-teenager
cyclist. The conclusion is made that analogous procedure can be applied to HIC values.
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1 Introduction frequent in literature. In particular the works [21]
Many works are found in literature on the impact [22] [23] also address the crash between SUV
pedestrian [2] [3] [5] [10] [18] [23] [28] [29], also papers on Pick up — c_ycllst impact are not found,
numerous works study the impact between the over the paper [42]. This extends the results already

vehicle and the adult cyclist [9] [11] [13] [16] [17] achieved in the papers [14] [15] [37] where the
[20] [21] or both cyclist and pedestrian [6] [7] [8] damages caused by the energy impact of a teenage

[12] [22], but the papers on the accident vehicle - cyclist with a sedan car are taken into account and
teenage cyclist; are not numerous in literature [14] analyzed. Analogous crash is studied in case of
[15] [19] [35] [36] [37]. In [21] Authors indicate vehicle constituted by a SUV [35] [36] instead than
that car-mounted countermeasures designed to a normal sedan, in order to fill the gap in literature:
mitigate pedestrian injury have the potential to be references are found only to an adult or to a child, in
effective even for bicyclists. many cases without taking into account the type of
In general multibody technique is the applied vehicle. _

method for numerical simulation; the most widely The influence of the front of the vehicle on the
used programs are MADYMO, Aprosys, PC Crash, injury of the cyclist or pedes'trlan is a topic that is
while Sim Wise is effectively used in this paper. not frequently found in the literature. In [33], [34]
Studies give an idea of the shape of the front of the Authors investigate the deploying time (or response
vehicle in order to reduce injuries, that may arise time) of an active hood lift system (AHLS) of a
due to the impact [18] [29], but these works are not passenger vehicle activated by gunpowder actuator,
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while in [38] four vehicle types including large and
compact passenger cars, minivans and light trucks
are simulated according to their frequency of
involvement in real world accidents. The influences
of wvarious vehicle front shape and compliance
parameters are analysed. Moreover, the possible
countermeasures on basis of vehicle front design to
mitigate the injury severity of the pedestrians were
discussed. A campaign of virtual simulations is
conducted with the availability of the virtual
models: sedan [14], SUV [35] and Pick Up [42]
teenage cyclist, in order to quantify the damage
caused to the head and chest on the basis of certain
criteria such as HIC and 3 ms criterion [24] [25].
The results of the head speed of the previous
executed simulations are analysed in order to
quantify the influence of the front part of the vehicle
on the injury of the cyclist head.

2 Implementation of Virtual Models
The paper [1] is very useful for the study of
anthropomorphic model of the human figure of a
teenager, understood as a complex of bones,
muscles and joints, while the paper [3] has
analogous value for the adult; the book [26] and the
paper [27] are very useful for the chassis design and
the geometry of the bike (fig. 1). The
implementation of the virtual model of the bike is
the same for SUV, Pick up and sedan simulations
[14] [35] [36].

Virtual simulations, performed with Sim Wise,
allowed quantifying the damages in the teenager
cyclist — Pick Up impact on head and chest.

Figurel: cyclist model in Sim Wise

The information on pitch, height, length was
provided by the manufacturer itself. Autodesk 3D
Studio Max software is used to get the STL model,
which was subsequently imported into Sim Wise
(fig. 2, 3 and 4), attributing the masses, the centres
of gravity and inertia moments of the individual
components such as wheel, body, chassis, bonnet,
front bumper; these parameters are essential for the
proper conduct of the tests and the acquisition of
results.
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Fig. 4 —sedan in Sim Wise

3 Vehicle- cyclist crash test

This paragraph illustrates, through the use of charts,
tables and representations, the tests to assess the
damage produced on teenage cyclist under varying
condition of impact, in order to calculate the speed
of the head and the chest for the evaluation of
injuries. Dynamic of impact of teenage cyclist —
vehicle is reconstructed by Sim Wise.

The relative positions between the vehicle and the
cyclist are the same as those used for already
examined vehicles [14] [15] [35] [36] [37]. The
positions are three: In the first the teenage cyclist is
positioned on the roadway with the side facing the
vehicle about to occur (side impact); in the second
case the cyclist is located opposite the vehicle about
to occur (frontal impact), while in the third and last
case the cyclist is placed behind the vehicle
(telescoping or rear impact). Crash tests are
executed at four different speeds: 20 km/h, 30 km/h,
40 km/h and 50 km/h.

The parameters measured during the tests are:

- Acceleration in the head gravity centre;
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Figure 3: Head and chest acceleration in the side
impact at 40km/h

thorax — head

speed [mis]

=}

02 04 0.6 0.8 1 1.2 14 16

time [s]

Fig. 4 — Thorax and head speed in the frontal impact
with sedan at 20 km/h
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Fig. 5 - Thorax and head speed in the frontal impact
with sedan at 50 km/h
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Fig. 6 - Thorax and head speed in the frontal impact
with SUV at 30 km/h
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Fig. 7 - Thorax and head speed in the frontal impact
with PICK UP at 40km/h
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Fig. 8 - Thorax and head speed in the side impact
with sedan at 30km/h
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Fig. 9 - Thorax and head speed in the side impact
with sedan at 40km/h
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Fig. 10 - Thorax and head speed in the side impact
with SUV at 20km/h
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Fig. 11 - Thorax and head speed in the side impact
with PICK UP at 50km/h
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Fig. 12 - Thorax and head speed in the telescoping
with sedan at 50km/h
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Fig. 12 - Thorax and head speed in the telescoping
with sedan at 30km/h

thorax — head

speed [mis]
= m om ES

=
=

0.2 0.3 04 0a
time [s]

Fig. 13 - Thorax and head speed in the telescoping
with SUV at 40km/h
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Fig. 14 - Thorax and head speed in the telescoping
with PICK UP at 20km/h

- Acceleration in the chest gravity centre.

Fig. 3 shows an example of acceleration
performances of the head and thorax. In the
previous papers this data are analyzed and
elaborated in order to quantify the damage of the
head and the thorax.

3.1 Head impact speed

The parameters measured in the simulations are:

- resulting speed of the head gravity center;

- resulting speed in the thorax gravity center.

Fig. 4 — 14 show the trend of the head and thorax
speed versus the time for many executed
simulations.

Table 1 shows the obtained results with the values
of the maximum impact speed of the thorax and of
the head, with the contact time.

Figures 15, 16 and 17 show the trend and the visual
comparison.
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Fig. 15: maximum head speed in the frontal impact.

These three figures show that the sedan gives the
best performance under all conditions of impact
compared to other vehicles. This may depend on the
gentler shaping of the front; exception to the low
speed collision in which the speed of impact of the
head take on greater values than other vehicles.In
general the resulting speed of the head of the cyclist
is greater if the vehicle has high front.
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Table 1: max impact speed of the thorax and of the
head and the contact time.

Impact V max V max T
vehicle | posit. | speed head thorax [;%‘;T‘
[km/n] | [m/s] | [m/s]
Sedan Front 20 10,10 | 11,44 | 1408
Sedan Front 30 12,35 | 12,20 544
Sedan Front 40 16,18 | 16,05 | 360
sedan Front 50 19,13 | 19,25 240
SuUv Front 20 7,67 | 10,20 | 352
SUv Front 30 10,04 | 9,96 168
SuUv Front 40 16,93 | 16,32 | 352
SuUv Front 50 21,73 | 20,40 | 264
PickUP | Front 20 12,10 | 12,30 | 528
Pick UP | Front 30 16,88 | 16,80 | 200
Pick UP | Front 40 18,12 | 17,92 | 208
Pick UP | Front 50 27,74 | 25,90 64
Sedan Side 20 8,29 8,11 272
sedan Side 30 11,13 | 11,96 208
sedan side 40 16,03 | 18,49 176
sedan side 50 16,98 | 17,26 176
SuUv side 20 9,18 8,43 272
SUv side 30 10,29 | 10,76 | 272
SUv side 40 17,77 | 18,28 | 200
SuUv side 50 20,11 | 19,50 | 192
Pick UP | side 20 8,51 | 10,10 96
Pick UP | side 30 12,88 | 13,06 64
Pick UP | side 40 21,58 | 20,78 | 208
Pick UP | side 50 26,13 | 26,20 32
sedan rear 20 9,42 911 984
sedan rear 30 10,11 | 10,98 | 1348
sedan rear 40 10,17 | 9,82 600
sedan rear 50 15,87 | 14,45 176
SuUv rear 20 7,19 7,25 640
SUv rear 30 9,81 9,33 544
SuUv rear 40 9,57 | 10,13 472
SuUvV rear 50 13,39 | 13,96 552
Pick UP | rear 20 4,69 4,57 160
Pick UP | rear 30 10,67 | 10,69 | 248
Pick UP | rear 40 1499 | 15,01 | 232
Pick UP | rear 50 20,61 | 19,41 128

In [38] several simulations of vehicle — pedestrian
crash are executed by the multibody program
MADYMO; in it a simulation technique is applied
giving the relative velocity of the head impact
speed, while the absolute vales are obtained by the
technique adopted in this work, so that no numerical
or qualitative comparison can be executed.

The reason is basically the following: indicating
with m; the mass of the vehicle and m, the mass of
the rider (or pedestrian), an instant before the
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impact, if the speed of the cyclist is neglected, the
momentum of the system is given by m;vy. The two
bodies begin to move with speed v, due to the
initially inelastic impact, so that the conservation of
momentum states:

myvy = (Mg + M) Va. (1)
Since my is very greater than m,, the solution v, = v
is fairly reliable, so that after the impact instant the
rider has a relative speed very close to the absolute
speed of the vehicle. The speed v, is actually a few
less than the speed vy, because during the impact
phase, which endures small milliseconds, strong
impulsive forces are awakened, then strong
accelerations vary the kinematic behavior of the
vehicle-cyclist system. These accelerations are
strongly dependent on the vehicle mass and are in
part neglected by examining the relative motion.
Looking directly at the relative speeds, the influence
of the mass of the vehicle is completely eliminated,
but this may modify the dynamic behavior of the
system.
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Fig. 16: maximum head speed in the side impact.
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Fig. 17: maximum head speed in the telescoping.
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discussion

Table 2 shows the geometric characteristic of the
examined vehicles; fig. 18 shows the geometrical
position. In the last row of the table the reported

values evaluation and
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best values are calculated by the method described
in the following.
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Figure 18 — parameters of the evaluation

Table 2- geometric characteristics of the vehicles

Bonnet Bumper Bonnet
vehicle height height angle
[mm] [mm] [degrees]

sedan 847 390 20

SUV 999 556 14
Pick Up 1087 659 11

Best 942 4955 16.4
values

Figures 15, 16 and 17 allow the following

considerations:

- The impact speed of the head of the teenage cyclist
increases varying the considered vehicle.

- The mass of the coming up vehicle is important for
the injury gravity only at greater or equal speed
than 40 km/h [43].

- Examining the results of the paper [1], the teenage
pedestrian head speed is greater than the teenage
cyclist, since a part of the impact energy is
dissipated by the bike chassis.

Following the ideas order in [38], the case of lateral

impact can be examined to obtain the best value of

some evaluation parameters.

Figure 19 and 20 show the trend of the head impact

speed in the case of side impact versus the bumper

height and the bonnet height respectively, for the
several examined vehicle speeds. Of course three
points for each speed are few to obtain an optimized
result, so that a greater number of vehicles have to
be examined to improve the result. One can note
that the speed 40 and 50 km/h can be discarded
since the result is influenced by the vehicle speed as
paper [43] shows; the speed 20 km/h can be
discarded since the speed is too low to arouse high
injuries in the cyclist, so that the curve at speed 30
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km/h can be manipulate to obtain the best values of
the examined parameters.
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Figure 19 - Head impact speed versus the bumper
height (side impact)
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Figure 20 - Head impact speed versus the bonnet
height (side impact)
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Figure 21- best value of the bumper height.
No particular optimization procedure is applied in

this case, but the three points are interpolated by a
parabola; fig 21 and 22 show the relative curve.
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Fig. 21 shows the best value of the bumper height
corresponding to the minimum of the parabola and
the minimum value of the head impact speed (9.88

m/s).
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Figure 22- best value of the bonnet height.

Fig. 22 shows the best value of the bonnet height,
corresponding at head impact speed equal to 9.81
m/s.

One can note that, in a suitable way, the
sameprocedure should be applied to HIC values,
nevertheless obtaining less satisfactory results. The
values of the best values are a few different.
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Fig. 23 — best value of the bonnet angle

Figure 23 shows the analogous determination for the
bonnet angle; one can note that this value does the
difference among the three examined vehicles, but
the relative point of the Pick Up is inserted also if
the head impact point is in a lower position than the
bonnet height [43]. The head impact speed
corresponding to the best value is 9.66 m/s.

The above procedure is executed for lateral crash
only; its application to the other impact positions
may give a few different results.

Results obtained in this work cannot be considered
definitive; best results can be obtained by increasing
the number of examined vehicles, and also
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considering the other possible positions of impact.
They may be used as the starting data for the
mathematical procedures that can lead to improve
the result.

5 Conclusions

In this work the impact performance with a teenager
cyclist of three vehicles tested in previous works are
compared. The lateral impact is chosen among the
three different studied positions, following the
suggestions of other determinations in literature. A
literature research has allowed the identification of
the following determinants geometric parameters of
the frontal part of the wvehicle: bumper height,
bonnet height, bonnet angle, while the parameter
used for the determination of the optimal values is
the absolute speed of the head in the impact instant.
The procedure for determining the optimal values
cannot be defined as shape optimization, because
the classical procedures cannot be applied for the
skimpiness of available values. The obtained values
are greatly enhanced in the conditions of a side
impact teenage cyclist vehicle, even at different
speeds from that of calculation. A similar procedure,
not shown in the work, can be applied to the HIC
values, obtaining small variations of the best values.
The vehicles offering the best shape performance,
among those examined, is the SUV, the speed of
impact of the head is close enough to the minimum;
in the determination with HIC, the representative
point of this vehicle occupies a very close position
to the minimum.

Next development of this work is the application of
similar procedures for the chest, performing a
compromise choice between the values obtained to
minimize the injuries of the head and chest.
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