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Abstract

EEVC Working Group 10 has developed test methods and acceptance levels for assessing the
protection afforded to pedestrians by the fronts of cars in an accident. These methods include
sub-system tests to the bumper, the bonnet leading-edge and the bonnet top. Computer simu-
lations were used to define the impact mass, velocity, angle and location of the three sub-
system tests.

In the framework of this EEVC research program, TNO performed a large number of com-
puter simulations using the MADYMO CVS program. A 2-dimensional model of a pedestrian
laterally impacted by the vehicle front has been used in the current study. Parameter varia-
tions are performed, aimed to show the influence of the vehicle's speed, shape and stiffness,
as well as the influence of the pedestrian's anthropometry and walking position. The results of
63 simulations are analysed with respect to input test conditions of the bumper, the bonnet
leading-edge and bonnet top, sub-system test and with respect to injury parameters. In this
paper only the bonnet leading-edge impact results will be adressed. Special algorithms have
been developed to calculate for instance the effective mass of the impact or the bending mo-
ments in the legs of a 50th percentile male, a 5th percentile female and a six-year-old child
dummy. Based on the results of these simulations, test conditions for the sub-system tests on
the leading-edge of a passenger car are proposed.

The paper describes the computer model set-up, the parameter variations, the special purpose
algorithms and the simulation results in terms of input conditions for the pedestrian sub-sys-
tem tests and associated injury criteria. The simulations indicate that the input conditions are
strongly dependent on the vehicle's shape and less on the vehicle's stiffness.

Introduction

In most European countries, unprotected road users account for a significant proportion of the
road accident casualties. In almost every country, pedestrians are the most frequently in-
volved. In the past years international research was focussed mainly on pedestrian safety.
Based on this research various recommendations for the front structure design of passenger
cars were developed. Moreover, test methods and regulations have been proposed to assess
pedestrian protection.

In the Spring of 1987 one of these proposals [1]* was discussed by the EEC ad-hoc working
group 'Erga Safety'. It was concluded that the basis of the proposal was promising, however,

Numbers in brackets designate references at the end of the paper.
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limited additional research was needed to fill up some white gaps. The European
Experimental Vehicles Committee (EEVC) was asked to coordinate this research and at the
end of 1987 EEVC Working Group 10 was set up. The mandate of the group was ‘to deter-
mine test methods and acceptance levels for assessing the protection afforded to pedestrians
by the fronts of cars in an accident. The test methods should be based on sub-system tests,
essentially to the bumper, bonnet leading-edge and bonnet top surface. The different impact
characteristics associated with changes in the general shape of the car front should be allowed
for by variations in the test conditions (e.g. impactor mass, velocity, direction of impact). The
test conditions should be based on full scale test data and computer simulations. Assessment
for compatibility with other existing regulations should be performed.

The work was shared between five laboratories: TRRL (UK), BASt (FRG), APR (Fr.),
INRETS (Fr.) and TNO (NL). TNO's task was to evaluate the three sub-system tests devel-
oped by the other labs, to contribute to the compatibility study and to perform the computer
simulations used to define the sub-system input conditions.

The current paper summarizes the computer simulations performed by TNO in the framework
of the EEVC WGI0 research program. The paper describes the MADYMO CVS model set-
up, the parameter variations and the simulation results in terms of input conditions for the
pedestrian sub-system tests and associated injury criteria. The presentation of the results is
limited to the bonnet leading-edge impact.

Computer simulations

General model set-up

The development of the Crash Victim Simulation program MADYMO started in the mid-sev-
enties. The program performs time-history simulations for an arbitrary number of systems of
rigid bodies in either two- or three-dimensional inertial space. The rigid bodies can be con-
nected by hinge joints (2D) or ball and socket joints (3D). Each of the bodies may be in force
interaction with any of the other bodies or with its surroundings. The program automatically
generates and solves the set of non-linear equations of motion. Special force-interaction
modules have been developed, making the program particularly suitable for crash analysis [2,
3]. Version 4.2 of MADYMO 2D is used for this pedestrian protection research program.

Figure 1 shows the applied model set-up; a pedestrian is impacted laterally by the front of a
passenger car. The car front is modelled in MADYMO by a null system [3], having a pre-
scribed horizontal velocity. Both spoiler and bumper are represented by an ellipse in this sys-
tem. The grill and the bonnet are represented by planes connected by a circle shaped leading-
edge. By varying the bumper height, bumper lead and bonnet leading-edge height, different
car types can be simulated. In Figure 1 the so-called standard car geometry is illustrated. An
equal stiffness, is specified for all vehicle elements. This base stiffness K (i.e. a maximum
force level of 4000 N) is based on computer simulations performed by Harris and Grew [4].
The vehicle impact speed is 40 km/h and the vehicle is not braking.
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Figure 1 Model set-up showing a SO* h percentile male and standard vehicle dimensions (Bumper Centre
Height = 390 mm, Bumper Lead = 225 mm, Leading-edge Height = 700 mm).

A 50th percentile male dummy, a 5th percentile female dummy and a six-year-old child
dummy are simulated. Only a 50th percentile male dummy database already existed as part of
the MADYMO databases [5]. The characteristics for elastic bending in the neck and the knees
were adjusted in this database in order to obtain a more human-like dummy behaviour. The
5th percentile female database was derived from the S50th percentile database by means of
scaling techniques [6], except for the hip joint characteristics. The six-year-old child database
was derived from a three-dimensional in-house database of the TNO P6 dummy. In the 50th
percentile male, 5th percentile female and six-year-old child databases a linear rotational
stiffness in the knee joints is specified of 716, 700 and 500 Nm/rad respectively. Figure 2
shows the model set-up of the three dummy databases used. As can be seen from this figure,
second ellipses with larger dimensions have been attached to the upper and lower left legs for
defining contact interaction. This was necessary because vehicle-leg penetration appeared to
be large as compared with the original leg ellipse dimensions. The legs are placed in a
‘walking position', which means no contact between the legs is defined.

Figure2 Pedestrian databases; 50 percentile male dummy, 5* h percentile female dummy and six-year-old
child dummy.
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Special purpose algorithms

Important results as maximum accelerations, forces on body parts, maximum knee bending
angles and some other injury criteria follow directly from a MADYMO simulation. Special
algorithms (i.e. user-defined modules and post-processing programs) had to be developed to
calculate for instance the normal impact velocity of body parts against a vehicle, the deforma-
tion energy absorbed by the impact, the effective masses of the impacting body parts and
maximum bending moments in the legs.

One of these programs calculates data concemning all dummy contacts with the car exterior.
The data are specified for the time of first contact and the time of maximum penetration. It
includes penetration, normal and tangential impact velocity, impact angle "o and orientation
angle "B". See Figure 3 for an illustration of these angles for a leading-edge impact situation.
For the analysis of the simulations only the total impact angle "y" was taken into account.
This angle is defined as follows:

Y=0+p-90 (1)

In addition the impact location is calculated in the coordinate system of the passenger car and
the local coordinate system of the contacting dummy element.

tangen}’

Figure 3 Definition of output data for leading-edge impact.

A second program calculates the maximum and minimum bending moments occurring in the
upper or lower leg elements of the dummy. The magnitude of the bending moment is con-
sidered here to be an indication of the severity of possible leg injuries. For the calculation it is
assumed that the largest bending moment will occur at the intersection where the largest con-
tact force is applied to the element. Furthermore, it is assumed here that no external forces are
applied to the element in between the location of the bending moment calculation and the end
of the element. For the magnitude of the bending moments inertia effects are taken into ac-
count.

A third program calculates the deformation energy (E) absorbed by the impact per specified
contact interaction in the MADYMO input dataset. For this calculation only the elastic part of
the contact force is taken into account. If the normal impact velocity is known, the effective
mass of the impacting body is defined as:

meff = 2E / vy ()
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Parameter varlations

The computer simulation work has been divided into two phases. The first phase consists of
15 simulations with each of the three pedestrian datasets (i.e. 50t percentile male dummy,
5t percentile female dummy and six-year-old child dummy), in which the bumper centre
height, the bumper lead and bonnet leading-edge height are varied (see Table 1). A combina-
tion of vehicle dimensions is chosen here to correspond with current styles of cars and possi-
ble future trends. The bumper vertical depth is always 100 mm in these simulations. The gen-
eral model set-up described in the previous section is applied here. With these 45 basic simu-
lations the influence of the vehicle geometry and pedestrian anthropometry can be identified.
In the second phase 18 additional simulations have been performed in order to analyse the
influence of the vehicle impact speed, the vehicle stiffness and the standing position of the
pedestrian. For a standard car geometry (simulation no. 1 in Table 1) and for all three pedes-
trian sizes, simulations were conducted with a vehicle velocity of 30 km/h rather than 40
km/h. To evaluate the influence of vehicles stiffness on the pedestrian kinematics and in-
juries, the vehicle stiffness has been varied as well in this study (see Figure 4).

no. | Leading-edge | Bumper Bumper Vehicie
height lead center helght | frontangle
(mm) (mm) (mm) (°)
1 700 225 390 51
2 700 225 330 56
3 700 225 450 44
4 700 100 330 73
5 700 100 390 70
6 700 100 450 65
7 700 350 330 a4
8 700 350 390 38
9 700 350 450 32
10 600 225 390 38
11 600 . 100 390 60
12 600 350 390 26
13 800 100 390 75
14 800 225 390 59
15 800 350 390 47
Table 1 Variation in vehicle dimensions (see also Figure 1).



16000

_ ;
i /
14000 |- / .
i ll l" ...... Ka
12000 |- _/ X ———— K2
f I ’.’ '0' ———— K1
< 10000 |- ’
J K Base K
g o ./ "
I 8000 |- e
.
’
6000 |- K
4000 - z
’l
o *
’
2000/ *
L ','
poec e g e Y o R

0
0.00 0.02 0.04 0.06 0.08 0.10
Panatration (m)

Figure 4 Car exterior stiffness variations.

The leg position of the pedestrian influences the kinematics during the impact. A 'walking
position’, which means one leg forward and one leg backward, causes a rotation of the pedes-
trian around a vertical axis, avoiding shoulder contact and showing a direct head-to-bonnet
impact. In a 2D simulation this rotation is not possible. To analyse the influence of leg posi-
tion and shoulder contact, these parameter variations have been included in the simulations.
In the 'walking position' no contact between both legs is defined in the 2D model, while in the
'standing position' the legs are parallel to each other and leg-to-leg contact is prescribed.

Table 2 shows the complete simulation program. The vehicle velocity, shoulder contact and
leg position, the vehicle stiffness and the pedestrian size are shown for the 45 basic simula-
tions (i.e. vehicle shape variations) and the 18 additional simulations.

30 km/h 40 knmvh
Shoulder contact Shoulder contact No shoulder contact| Shoulder contact
Walking position Walking position Walking position Standing position
Stiffness Base K Base K K1 K2 K3 Base K Base K
50th %ile 1 15 shape 1 1 1 1 1
Male variations
5th %ile 1 15 shape 1 1 1 1 1
Female variations
6y child 1 15 shape 1 1 1 1 1
variations
Table 2 Summary of model set-up of 45 basic and 18 additional simulations.
Results
Introduction

The results of the 45 basic and 18 additional simulations are presented separately in this sec-
tion. To limit the length of this paper, not all simulation results are presented here, only the
relevant results for the bonnet leading-edge impact.
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A distinction is made between sub-system impact conditions (i.e. impact location, impact
velocity, impact angle and effective impact mass) and injury criteria (e.g. bending moment).
Figure 5 shows examples of the kinematics of the three pedestrians for the bonnet leading-
edge impact.

Basic simulations

The relevant simulation results for the 50th percentile male, 5th percentile female and six-
year-old child are summarized in Appendix 1. Only the bending moments in the left upper leg
(i.e. impact side) of the adult pedestrians have been calculated, since the child's upper leg
does not impact the leading-edge.

The impact location on the leading-edge is defined by an impact orientation angle "betha"
(see Figure 3). Since the angles of all 45 simulations were between 109° and 180°, and be-
cause of the small radius of the leading-edge circle, the impact location is almost constant for
all three pedestrian sizes.

Figures 6 up to 8 show the influence of the vehicle shape on the leading-edge impact velocity
for all three pedestrians. In Appendix 1 the contacted body part is presented. It appears from
these simulations that the impact velocity on the leading-edge is strongly influenced by the
vehicle shape. In general, the impact velocity increases up to vehicle impact speed with a
lower bumper centre height, a shorter bumper and a higher leading-edge (see Figures 6 up to
8). The leading-edge velocity reduces to less than 50% of the vehicle speed if the vehicle has
a high, deep bumper and a low bonnet leading-edge.

Figure 9 shows the influence of the vehicle shape on the total impact angle. In case of the
50th percentile male impact simulations, always the upper leg is impacted by the leading-
edge. Therefore these results show a clear trend. The total impact angle appears to be 180°
(i.e. horizontal and opposite to vehicle speed) with a short bumper lead (see Figure 9). The
total impact angle decreases if the bumper lead increases or the leading-edge height de-
creases, and finally becomes 90° (i.e. a vertical impact). The range of impact angles for the
child and female impact simulations appears to be similar to that of the male impacts.

The bumper lead and height hardly influence the effective mass in the child and female im-
pacts (see Figure 11 and 12), however, they appear to have some influence in the male im-
pacts (see Figure 10). A similar trend can be found with the influence of the leading-edge
height; a large influence for the male impact only.

Maximum penetration and deformation energy are also presented in Appendix 1. In general,
high penetration and energy absorption is found with high vehicle fronts and vice versa.

The influence of the pedestrian's anthropometry can be analyzed by comparing the re-
sponses for the same vehicle shape. It appears that the impact velocity, - location and - angle
are always in the same range for the three pedestian sizes. However, for the effective mass
considerable differences can be seen (see Figures 10 up to 12); for instance the effective
masses for a BL225/BCH390/LEH800 mm vehicle shape are 20.2 kg (male), 10.3 kg
(female) and 4.6 kg (child).
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Figure 5 Simulated kinematics of the S0'h percentile male, 5 percentile female and six-year-old child
dummy (40 km/h, basic car stiffness. shoulder-bonnet contact and no leg-leg contact).
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Figure 6 Resultant impact velocity for 50t percentile male in leading-edge impact (left: LEH = 700 mm,
right: BCH = 390 mm).
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Figure7 Resultant impact velocity for 5 th percentile female in leading-edge impact (left: LEH = 700 mm,
right: BCH = 390 mm).
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Figure 8  Resultant impact velocity for six-year-old child in leading-edge impact (left: LEH = 700 mm,
right: BCH = 390 mm).
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In general the bending moment in the upper leg of the S0% percentile male and Sth percentile
female increases when the bumper lead and/or the leading-edge height decreases. The bend-
ing moment in the female upper leg appears to be always (sometimes considerable) lower
than that calculated for the male upper leg impacted by the same vehicle front.
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Figure 10  Effective mass for 50 percentile male in leading-edge impact (left: LEH = 700 mm, right: BCH
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Figure 11  Effective mass for 5tk percentile female in leading-edge impact (left: LEH = 700 mm, right: BCH
= 390 mm).
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Figure 12 Effective mass for six-year-old child in leading-edge impact (left: LEH = 700 mm, right: BCH =
390mm).

Additional simuiations

For leading-edge impacts the sub-system condition impact location is known. Impact angle,
impact velocity and effective mass are to be varied. Figure 13 shows the resultant impact ve-
locity as a function of the parameter variations shown in Table 2. As expected, the passenger
car velocity influences the leading-edge impact velocity directly. The influence of car exterior
stiffness on leading-edge impact velocity can be neglected, except for a stiffness change from
Base K to K1 in case of a six-year-old child dummy. No influence of the contact interaction
between shoulder and bonnet can be observed. A considerable influence can be seen for con-
tact interaction between right and left leg for a SOt percentile male dummy.
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Figure 14 shows the total impact angle as a function of the parameter variations performed
(see Figure 3 for a definition of this angle). A slight influence of the vehicle speed on the im-
pact angle for the adults can be seen, while the child shows a somewhat larger influence of
the vehicle speed. An influence of vehicle exterior stiffness can be observed for both the 50th
percentile male and the six-year-old child dummy. This influence is absent for the 5th per-

centile female dummy. Again there is no influence of the contact interaction between shoul-

der and bonnet. A minor influence can be observed for the interaction between right and left
leg.

Figure 15 shows the effective mass as a function of the parameter variations. The passenger
car velocity influences only the effective mass in case of a 50th percentile male dummy. For
all three dummy types the effective mass is affected by the vehicle exterior stiffness. There is
no influence of the contact interaction between shoulder and bonnet. A relatively large influ-

ence was found for the contact interaction between right and left leg for both a 50th percentile
male and a six-year-old child dummy.

For leading-edge impact the maximum bending moment in the upper leg is considered to be
an injury criterion for the S0th percentile male and 5th percentile female dummies. When
simulating a six-year-old child dummy, the leading-edge of the standard car first contacts the
spine ellipse of the dummy. No injury criterion for the abdomen/spine region has been taken
into consideration here. Figure 16 shows the maximum bending moment as a function of the
parameters varied. As can be seen in this figure the maximum bending moment is not very
sensitive for vehicle velocity. A larger influence can be observed for the car exterior stiffness,
the latter influence is large for a 50th percentile dummy. There is no influence of the contact

interaction between shoulder and bonnet, while a considerable influence can be seen for the
interaction between right and left leg.
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Sub-system test specifications

introduction
In this section the simulation results are summarized and discussed. Based on these general
conclusions test specifications for the leading-edge sub-system impact are proposed.

Discusslon of the simulation results
The results of the 45 basic simulations with respect to the leading-edge impact are summa-
rized in Table 3. This table shows the ranges of the impact conditions and protection criteria.

Leading-edge impact range 50th perc. male | range 5th perc. female range 6y chlid
Parameter
impact velocity (m/s) 40 - 9.8 46-11.1 42-10.8
impact angle (degr.) 74 - 182 84 - 181 64-188
effective mass (kg) 1.3 - 23.3 6.6 -13.3 0-5.1
max. penetr. (mm) 11-183 23-111 14 -55
def. energy (J) 5-842 54 - 502 0-192
max. bending mom. (Nm) 161 - 942 127 - 510 -

Table 3 Summary leading-edge impact basic simulations.

The impact velocity, - location and - angle of a leading-edge sub-system test appear to be in
the same range for all three pedestrian sizes. For the effective mass, two ranges would be nec-
essary; a large mass representing an adult upper leg and a small mass representing a child
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torso (e.g. abdomen). Furthertnore, the stiffness of these impactor faces would be different. A
sub-system test method representing an adult upper leg impact only (i.e. SOth percentile male)
is proposed here. Accident statistics should indicate the need for a child sub-system test on
the bonnet leading-edge.

It has to be noted here that the results of the six-year-old child appear to be influenced by the
shape of the contact ellipses (see also Figure 2). Since the outer contour of the pedestrian is
not a smooth, more or less straight line, but consists of a number of circles and ellipses, the
interaction with the leading-edge circle is non-linear in terms of impact location, impact angle
and impact velocity. The results presented for the six-year-old child should be regarded with
great care in this respect.

Furthermore the child contacts the whole vehicle front, including grill and bonnet, and not
only the leading-edge. The lower torso, for instance can contact the grill before contacting the
leading-edge. This influences the calculated deformation energy absorbed by the leading-edge
and therefore influences the effective mass. It was decided to include the deformation energy
of these additional contacts in the leading-edge contact.

The maximum bending moment in the upper leg can be used as an injury criterion. A good
distinction is made between the different vehicle exterior stiffnesses by this criterion. The
vehicle speed seems to have no influence on the bending moments (see also Figure 16). No
injury criterion was available for the child's torso.

Most simulations have been performed with a vehicle impact speed of 40 km/h. It appears
that decreasing this speed to 30 km/h, strongly influences the impact velocity on the leading-
edge (e.g. -20% for 50th percentile male and -50% for 5th percentile female). EEVC Working
Group 10 decided to define a vehicle impact speed of 40 km/h.

It was also decided (see 'Introduction’) to base the input test conditions on the shape of the ve-
hicle and not on the stiffness. The latter would require an integrated test method in which the
results of the first test (i.e. bumper impact) would influence the test conditions of the second
test (i.e. the leading-edge impact). Mathematical model simulations could be used in this in-
tegrated approach.

The stiffness of the vehicle also influences the shape (i.e. penetration) during the impact. This
could influence the test conditions of the sub-system tests. For instance, it was found that for
a relatively stiff bumper somewhat smaller impact angles (i.e. -20%) on the leading-edge are
required in case of the SOth percentile male impact (see Figure 3 for definition of the total im-
pact angle). The influence of the bumper stiffness on the leading-edge impact velocity ap-
pears to be minor. The stiffness of the impacted vehicle part influences (of course) the effec-
tive mass of the impact on that part. For a relatively stiff vehicle exterior the effective mass is
lower than for a relatively soft vehicle exterior. The vehicle stiffness also strongly influences
the protection criteria responses, which is important to discriminate between 'good’ and 'bad'
vehicles with respect to pedestrian protection.

The leg position of the pedestrian, 'standing’ or 'walking' position, influences the kinematics
during the impact. A walking position, which means one leg forward and one leg backward,
causes two impacts between bumper and legs. These impacts are separated in time and place.
A standing position, which means the legs parallel to each other, results in one impact be-
tween bumper and leg, shortly followed by a leg-to-leg impact. A walking position shows (in
these 2D simulations):



+ a lower impact velocity in the leading-edge impact (e.g. -25% for the 50th percentile
male);

« a higher effective mass for the adult pedestrian (e.g. +30% for the 50th percentile male)
and a lower effective mass for the child pedestrian in the leading-edge impact;

 a slight influence on the bending moments for the adult pedestrian in a leading-edge im-
pact.

Most simulations were performed with the pedestrian in walking position, where the re-

sponses of the leg at the impact side show higher values than those at the non-impact side.

Bonnet leading-edge test specilfications

Based on the computer simulations described in the previous section, input test conditions for
the sub-system test method are proposed. The proposal is based on a vehicle impact speed of
40 km/h (chosen by EEVC WG 10) and on a 'walking' position of the pedestrian. The latter
means that a somewhat lower impact velocity and higher effective mass is necessary
compared with a 'standing position'.

The proposed test specifications for the sub-system leading-edge impact are (50th percentile
male only):

+ impact velocity : variable (see Figure 17)
» impactlocation : ‘leading-edge’

» impactangle : variable (see Figure 18)
* impact mass : variable (see Figure 19).

EEVC Working Group 10 has defined methods to identify the location and dimensions of the
‘bumper’ and 'leading-edge'. Based on these measurements the input conditions for a sub-sys-
tem test on the bonnet leading-edge can be found from above presented specifications.

Figure 20 illustrates an adult upper leg impact against a bonnet leading-edge. As mentioned
before accident statistics should indicate the need for a second sub-system test, representing a
child's abdomen.
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Figure 19  Proposed impact mass for SO percentile male in leading-edge test (left: LEH = 700 mm, right:
BCH = 390 mm).

Figure 20  Leading-edge sub-system impactor, representing an adult upper leg, developed by TRRL.
Discussion and conclusions

In the previous EEVC reports dealing with pedestrian safety [7, 8], the value of mathematical
models especially in combination with component or sub-system testing has been well
recognised. Computer simulation models have been extensively used to obtain a better un-
derstanding of the interactions in an impact between a pedestrian and a vehicle and of the in-
fluence that changes in cars frontal shape would have on these interactions {4, 9, 10].

Based on the results of simulations using the Calspan CVS program, TRRL (UK) proposed a
test method using sub-system testing for evaluating pedestrian protection for passenger cars.
This document [1] was used as a basis for the research programme of EEVC Working Group
10. Test conditions for the sub-system tests on the bumper, bonnet leading-edge and bonnet
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top are proposed. To support this existing data, further simulations are undertaken using a dif-
ferent model to give a broader set of data and a more comprehensive validation.

This additional validation is done by TNO using the MADYMO CVS program. In the past it
was shown that relatively simple 2-dimensional models offer satisfactory results compared
with results obtained from a 3-dimensional simulation [11]. Disadvantages of the application
of 3D models are the increase in computer run time and input parameters, as well as the
complexity of necessary contact models and special new algorithms. It was concluded in [11]
that the use of 2D models is advisable in many cases. Version 4.2 of MADYMO 2D has been
used in the current research program. Special emphasis is given to the rotation of the pedes-
trian due to its leg position.

Only the results for the bonnet leading-edge impact are presented here. For the bumper and
bonnet top impact results it is refered to [12]. From the 45 basic simulations and 18 additional
simulations it was shown that some vehicle parameters considerably influence the pedestrian
responses, while some parameters hardly influence these responses. Furthermore, it was
shown that the responses of the 5th percentile female are within the ranges of responses of the
50th percentile male and six-year-old child. The simulations have shown that the selected
protection criteria, for instance the bending moment in the upper leg, are very well able to
discriminate between different vehicle shapes and stiffnesses.

Based on these conclusions test conditions are proposed for the sub-system tests on the bon-
net leading-edge. Considerable differences between these proposals and the original TRRL
proposals described in document ERGA-S60 [1] can be found.

TRRL proposed a 16 kg impact mass for the adult upper leg to leading-edge impact, while
TNO proposes a mass between 1.3 and 23.3 kg depending on the vehicle shape. If no leading-
edge impact on sportcars (i.e. a very low leading-edge and very large bumper lead) is re-
quired, the mass would vary between approximately 10 and 23 kg. The impact angle on the
leading-edge, described by [1] is horizontal, while TNO proposes an angle between horizontal
and vertical depending on the vehicle shape. If no impact on sportcars is required, the angle
would be between horizontal and 45 degrees. TRRL and TNO are proposing an impact ve-
locity to the leading-edge, depending on the vehicle shape (see Figure 21). It appears that the
velocity proposed by TNO is somewhat higher.

The TRRL and TNO simulation results, together with the results from dummy and cadaver
tests, have been integrated by EEVC Working Group 10 to achieve realistic sub-system test
conditions [13].
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Figure 21  Impact velocity for adult upper leg to leading-edge as proposed by TRRL (
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) in reference (1]

and as proposed by TNO (-----).
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Appendix 1

no. | Timeof | Contact with | Normal | Resultant Defor- Effec-

frst bodypart imp. imp.ve- | mation en- tive
contact velocity locity ergy mass

(ms) (m/s) (m/s) (J) (k)
1 27.3 upper leftleg 6.26 6.33 379 19.34
2 25.3 upper leftleg 6.49 6.53 380 18.04
3 28.8 upper left leg 5.91 5.95 406 23.25
4 8.0 upper left leg 9.35 9.36 679 15.53
5 82 upper leftleg 8.69 8.70 592 15.68
6 85 upper left leg 8.08 8.11 538 16.48
7/ 417 upper left leg 6.33 6.84 226 11.28
8 430 upper left leg 6.48 6.92 258 12.29
9 442 upper left leg 6.46 6.71 300 14.38
10 37.0 upper left leg 4.38 4.95 52 542
1 9.2 upper left leg 7.06 7.06 155 6.22
12 59.2 upper leftleg 2.78 4.04 5 1.29
13 8.0 upper left leg 9.79 9.80 842 17.57
14 220 upper left leg 8.34 8.40 701 20.16
15 35.2 upper left leg 8.83 8.90 608 15.60

Table A.l1a Leading-edge impact - responses 50th percentile male.

no. | Iimpact | impact Totai impact Maximum Max. bend.
angle | loc.angle angle penetration | moment ULL
(°) (°) () (m) (Nm)
1 81.3 154.1 145 0.082 272
2 83.6 160.4 154 0.076 309
3 83 148.9 142 0.093 330
4 91.9 1781 180 0.110 446
5 93.2 177.8 181 0.105 540
6 94.9 177.3 182 0.105 674
7 67.8 140.8 119 0.062 362
8 69.6 137.8 117 0.074 209
9 744 135.4 120 0.084 180
10 62.3 142.3 115 0.023 752
1 89.4 172.3 172 0.031 942
12 43.5 120.7 74 0.011 713
13 94.4 179.7 184 0.183 397
14 93.0 162.6 166 0.149 196
15 814 | 1505 142 0.128 161

Table A.1b Leading-edge impact - responses 50th percentile male.
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no. | Timeof | Contact with | Normal | Resuitant Defor- Effec-
first bodypart Imp. Imp. ve- | mation en- tive
contact velocity locity ergy mass
(ms) (m/s) (m/s) (J) (kg) |
1 283 upper left leg 7.31 7.35 265 9.92
2 27.0 upper left leg 8.07 8.12 299 9.18
3 29.8 upper left leg 6.33 6.54 259 12.93
4 12.0 upper left leg 8.74 8.76 469 12.28
5 12.3 upper left leg 8.24 8.26 423 12.46
6 12.5 upper left leg 7.95 7.97 365 11.55
7/ 40.5 lower torso 6.95 8.41 321 13.29
8 41.7 lower torso 7.04 7.61 307 12.39
9 43,0 lower torso 6.66 6.84 226 10.19
10 38.2 upper left leg 4.41 460 67 6.89
11 14.0 upper left leg 5.04 5.11 120 9.45
12 56.2 upper leftleg 4.06 4.56 54 6.55
13 115 lower torso 9.37 11.09 502 11.44
14 225 lower torso 9.88 10.04 502 10.29
15 34.8 lower torso 8.79 9.06 294 7.61
Table A.2a Leading-edge impact - responses Sth percentile female.
no. | Impact impact Total Impact Maximum Max. bend.
angle | loc. angle angle penetration | moment ULL
{*) (°) () (m) (Nm)
1 83.7 152.4 146 0.069 144
2 83.5 155.3 149 0.083 164
3 104.6 152.3 167 0.047 152
4 93.9 175.8 180 0.111 279
5 93.9 1745 178 0.107 314
6 94.5 173.9 178 0.100 390
7 55.7 118.2 84 0.057 153
8 67.8 123.7 102 0.049 144
9 103.3 143.0 156 0.059 127
10 735 137.8 121 0.027 253
11 99.2 1713 181 0.040 510
12 62.8 118.0 91 0.023 135
13 57.7 1471 115 0.098 155
14 79.7 151.8 142 0.082 142
15 104.1 165.5 180 0.087 136

Table A.2b Leading-edge impact - responses Sth percentile female.
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no. | Time of | Contact with | Normai | Resuitant Defor- Effective
flrst bodypart imp. Imp. ve- | matlonen-| mass
contact veioclty loclty ergy
(ms) (m/s) (m/s) () (ka)
1 333 spine 458 5.20 30.75 293
2 28.0 spine 8.04 8.40 136.50 422
3 41.2 upper torso 5.34 5.34 43.23 3.03
4 16.3 spine 9.28 9.70 95.04 2.21
5 16.5 spine 8.37 8.54 66.37 1.89
6 17.5 spine 6.95 6.95 35.78 1.48
7 447 upper torso 8.88 9.22 149.60 3.79
8 495 upper torso 7.23 7.26 81.31 3.1
9 457 shoulder 7.86 8.44 131.40 425
10 49.5 spine 4.06 4.18 34.88 4.23
11 17.0 upper leg left 6.63 6.94 61.85 2.81
12 63.7 upper torso 493 5.79 0.00 0.00
13 18.5 upper torso 7.05 8.18 126.34 5.08
14 29.0 upper torso 8.84 9.06 179.40 4.59
15 | 387 | shoulder | 1055 10.82 191.70 | 3.44

Tabel A.3a Leading-edge impact - responses six-year-old child.

no. | Impact Impact Totai Impact Maximum
angle | ioc.angle angle penetration
) £ () (m)
1| 118.3 159.7 188 0.018
2 106.8 160.4 177 0.044
3 89.5 109.0 109 0.021
4 7341 149.3 132 0.034
5 78.5 150.1 139 0.027
6 90.0 149.6 150 0.019
7 74.4 1241 109 0.052
8 95.4 128.1 134 0.030
9 111.3 126.2 148 0.048
10 76.0 118.6 105 0.019
11 67.4 142.2 120 0.020
12 58.3 95.2 64 0.014
13 59.5 1345 104 0.041
14 77.3 142.8 130 0.055
15 77.3 109.1 96 0.037

Tabel A.3d Leading-edge impact - responses six-year-old child.
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