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One of the aims of this paper is to highlight a philosophy for employing
mathematical models. The other aim is to present some results obtained in the
field of utilization of the MVMA-APR mathematical model drawn from three stu-
dies on particular problems shown in the appendices:

- two studies on pedestrian configuration,
- and one in head-on collision configuration with a passenger restrained
by a shoulder belt and a knee bar.

HSRI DESIGNED IN 1973 A TWO-DIMENSION, eight-mass mathematical model, called
"MVMA-2D". The Peugeot-Renault Association was able to acquire it, and developed
it for their account. The programme was initially developed and used in the
"occupant" configuration (head-on collision), and also in the "pedestrian" con
figuration. Finally, the model was extended to the "side collision" configura-
tion.

One should not be surprised that certain improvements made to the model
since it was designed converge, if a comparison is made between the work conduc-
ted at the University of Michigan (1) (2) (3), and our own results. The APR modi-
fications were priority oriented by the need for a modelization of human beha-
viour in collision configurations where the experiment was critical and the
theory T1ittle known.

[ - THE FIELD OF APPLICATION OF MATHEMATICAL MODELS (M.M)

Four types of applications of mathematical models can be distinguished,
each requiring special precautions and an increasing degree of validation, in
the following order :

a) Help in understanding the phenomena - The user, after defining the simulated
colTision data himself, has at his disposal a set of results which is a per-
fectly logical sequence of a cause and effect chain. Even though the result
may not be perfectly realistic as certain aspects of reality are roughly si-
mulated or neglected, everything that haprens can bte explained and this ex-
planation is accessible, either in the model conception, or in the simula-
tion results or data. In particular, all accelerations of the victim's body
segments can be explained by the forces generated in contacts, by the centri-
fugal effect of rotation, by the articulation couples, atc. All these cou-
ples and forces can in turn be explained by the position and velocity of the
dummy with relation to the vehicle at any moment in time. A mathematical mo-
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del can therefore be an excellent teaching instrument. provided that it func-
tions well, that the schematization i1t implies does not distort reality too
much, that the results are fairly complete (forces, velocities, acceleration
crumpling, couples, etc.) and is stated in a clear and '"readable" manner.

The user should also make the effort to find the explanations to all the
questions that may present themselves.

b) Calculating physically unmeasurable parameters - When conducting experimental
tests, 1t 1s easy to measure accelerations. Movements, forces and couples are
more difficult (at least for some). For each extra measurement, there is a
corresponding extra cost (cost of sensor or measuring instrument, fixture,
recording, dismantling, analysis, calculations, etc.)

As for some quantities such as kinetic energy, amount of movement, crushing
energy, they are impossible to measure. On the other hand, as the results
supplied by a mathematical model are pure products of calculation, all va-
riable functions are accessible or can be calculated. The user has far too
much to choose from, and the outputs are generally controlled by a series of
selector switches.
Should the user really need a particular function which is missing from the
designed list of outputs, it is always possible for the calculaticn and the
printout of this function's values to be added to the model (Cf. list of
variables added as further output).
A mathematical model (M.M.) can therefore serve to complete measurements made
in experimental testing: the mathematical model data should therefore be ad-
Justed so as to make the results of the simulation coincide with the known
and measured results of experimental testing (trajectories, accelerations,
etc.) As soon as the results coincide satisfactorily, any particular function
can be calculated (see example in Appendix 2: calculating energy distribution
-~passive belt). Such a use of M.M. can also be envisaged for accident recons-
tructions.
lﬁe conditions for using a M.M. in this manner are as follows:
a sufficient number of results should be had on the reference test or the
accident to be reconstructed (trajectories, impact points, levels of acce-
leration, etc.) so that reproducing the known results will ensure that the
unknown results and data are reproduced. Example: knowing the coordinates
of the impact point of a pedestrian's head on a vehicle will not suffice
to correctly simulate the accident if all the other parameters are not
known (size of pedestrian, vehicle velocity at moment of impact, etc.)
On the other hand, knowing the size of the pedestrian can enable the impact
velocity to be evaluated using simulations in which the vehicle velocity
will be gradually increased or decreased until the right impact location
is found.
In other words, the more reliable data the user has at his disposal, the less
risk there is of the effects of certain errors on the input data being can-
celled and consequently being hidden from him because of the effects of other
errors.
- The model should ensure sufficient quality of simulation so that the user
may reproduce quite accurately the results of a test.
- Finally, the user should take pains and call on his intuition in order to
define the most relevant set of input data. His task will be made easier
if he has sets of data approaching the configuration he wishes to simulate.

c) Study of the influence of a parameter - This is what M.M. are usually used
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for. The technique consists, firstlv, in firaiizing 2 set of reference data
enabling a simulation to be produce. v+ = : is considered realistic and re-
presentative of a collision the user i. 1.:terested in, and then in changing
the values of certain input parameters ..& influence of which is to be stu-
died, with the others keeping their retrerence values. The results are then
compared with the reference results, thus enabling the influence of the
input data, the value of which has changed, to be quantified taking the re-
sults as a basis (maximum rates of acceleration, severity indices, trajecto-
ry amplitude, forces sustained, etc.) See appended examples: "Study of the
influence of bumper position on the kinematics of a pedestrian's head when
pedestrian is struck", "Study of the influence of several dummy parameters
on its propensity to submarine". The condition for a mathematical model to
be used in such a manner is that the model be close enough to reality for
us to rely on the sense and amount of output result variations. The model
and set of reference data should therefore be validated for at least one
configuration close to that being simulated.

d) Directly predicting test results -, even if there are no experimental data
in similar conditions. This 1s the most ambitious manner of using a M.M. It
consists in predicting, with just one simulation, the trajectories and im-
pact velocities with accuracy, and the levels of acceleration and severity
indices less accurately in the case of collision, based on a limited amount
of synthetic information (anthropometric data of victim, impact velocity,
shape of vehicle deceleration curve in a head-on collision, approximate po-
sition of victim, etc.)

We are presently working in this direction on simulating pedestrian colli-

sions, and the results obtained enable us to be reasonably confident. The

condition for such a use is:

- to split up the input parameters into two categories: those for which the
average and common values can be frozen for all the tests; those for which
the value should be accurately determined for each particular configuration.

- Assign standard values to the parameters of the first category.

- Validate the model with the thus-defined data over a relatively high num-
ber of experimental collisions as different as possible.

II - REFLECTIONS ON THE NOTION OF VALIDATING

Validation is never acquired absolutely. At a certain stage in development
of the model, we have a state of validation which is limited to:

- certain configurations (e.g. a model can be validated for the occupant and
badly validated for a pedestrian, or well validated for 3-point belts and
badly validated for different passive belts);

- certain fields of variation of input parameters (e.g. for pedestrian: large
vehicles, low vehicles, small and tall pedestrians, low, average and high
speeds, particular shape of vehicle front).

- Certain output parameters (e.g. a good quality of trajectory simulation will
be obtained more easily than the acceleration levels on impact).

These restrictions will depend on the degree of accuracy required by the
user on the parameters he is interested in. They will also depend on the data
for feeding the model as much as on the model itself: if the values of certain
input data can be readily determined by measurement, others are difficult to
be determined experimentally.

Thus, a model is progressively validated as new collisions are simulated,
certain parts of the model are improved upon, and experience we have on data
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makes progress.

IIT - WORK CARRIED OUT ON THE MODEL

IIT - 1.- Quality of simulation.-

For an equivalent utilization cost, the advantages of a model increase
with the quality of simulation it affords. This justifies efforts being made
on the model when it appears that such and such a modification, whether it be
pin-point or fundamental, will enable a considerable improvement of the model
behaviour to be hoped for in a precise situation or in all cases. This is al-
ways reasonable when the intended modification is based on a more thorough
analysis of the phenomena. On this score, at least three parts of the model
have been improved upon in particular.

Belt system in head-on collision - Step by step, we have developed a belt
system with options enabling different confiaurations to be simulated realis-
t1ca11y These options are :
- 3-point belt with buckle and sliding belts, or independent lap and shoulder
belts, or both types of 2-point belts;

- adherence or slip with rubbing at thorax, buckle and pelvis levels,

- simulation of the belt between top anchor point and reel, with or without
rubbing at return loop,

- simulation of belt tightening in reel,

- uniform distribution of belt stretching over whole length of belt, or local
deformation in a load limiter,

- possibility of anticipated tensioning of belt by a time-controlled retrac-
tor.

- possibility of cancelling belt-thorax ties in order to keep good belt geo-
metry.

Articulations - The friction couple model and the stop couple model have
been modified providing more realistic "dummy" behaviour and better stability
of the step-by-step integrations of programme. Muscular reactions couples have
been added as option to simulate the victims of real accidents.

Angle problems in vehicle contact surfaces - This delicate problem of ge-
nerating realistic contact forces when impacting sharp edges, which is impor-
tant for pedestrians, has been dealt with by distinguishing between two types
of contact areas with different "behaviours":"bent sheet metal" types of re-
gion (bumper, front nose panel, bonnet, windscreen, etc.) and regions the
shape of which 1imits a full volume (padding, soft-nose, etc.)

This modelization gives satisfaction, although it can still be improved
upon.

IIT - 2.- Improving usability.-

When the model becomes easier to use and when the results become more
meaningfu]”, the users will use the model more readily, lose less time by
using it, and draw more information from it.

This justifies the efforts made on the following detailed main points:

Reliability of operation - Execution ending abnormally for reasons other
than data errors have become very rare. "Safety devices" have been added. Even
if there is a problem, the results already obtained are printed out and plot-
ted due to the programme being divided into independent stages (simulation,
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calculation of indices, printing out of resulte and plotting of curves, simu-
lation display).

Simplifying data - Certain data which are difficult to determine have been
replaced by automatic calculations.

Further printout outputs - Outputs have been added to those already exis-
ting. They are destined either to help in understanding the simulation sequence,
or in completing simulation results.

Calculating severity indices - Calculating and printing out indices in an
independent stage from simuTating has been conducted with great care. Besides
calculating the severity indices on components A-P and S-I, and on the resul-
tants of head and thorax accelerations, calculating the time during which the
specified acceleration thresholds of 0 to 200 g are exceeded in steps of 1 g,
for head, thorax and pelvis accelerations, can be made. The resulting levels
of acceleration exceeded for 3 ms are calculated for the head, thorax and pel-
vis. A very performing HIC calculation has been designed. Its execution time
does not increase with the square of the number of points, but approximately
with the square root of the number. Furthermore, it automatically calculates
the HIC corresponding to each sufficiently isolated and pronounced peak (e.g.
pedestrian impacts with vehicle and ground).

Displaying kinematics - The victim is drawn by a plotter in his environ-
ment (vehicTe profile, occupant belt if any, the ground for pedestrian), at the
scale required by user, in a reference frame related to the vehicle or to the
ground with the sequences being separated or superimposed (see figure 1 ). The
plot can be made automatically at the same time as the simulation immediately
after the results have been printed out. The user can, furthermore, obtain da-
ta on cards at output which can be stored in the archives, thus enabling him
to have other displays in other conditions (other scales, offboard datum ins-
tead of separate, etc.) To compare the trajectories of two tests, the users can
make displays on a transparent support and superimpose them or have them plot-
ted on the same sheet with different lines. These displays are extremely useful
in understanding the phenomena arising during a simulated collision, and in
interpreting the results.

Display and check of initial conditions prior to calculating - The set of
data can be tested prior to carrying out the simulation using a programme that
traces the dummy, the vehicle and, if required, the belt, in the initial colli-
sion position at 1/5 scale, and can also show up certain anomalies in the set
of data.

Plotting of output curves - All the results it is possible to print out at
output can be selectively plotted on a variable number of sheets. On each sheet,
the user can have all the variable he wishes traced out as ordinates depending
on the same parameter as the abscissa, which may be time, but also any other
parameter, taken from a same category or different categories, in order to
compare the shape of the curves, highlight any dephasing or synchronisms, de-
termine graphically equivalent masses, trace trajectories of ellipse/vehicle
contact points, effort/deformation curves, etc.

IV - INTERACTIONS BETWEEN DEVELOPING AND EXPLOITING THE MODEL

It goes without saying that working on the programme will improve the qua-
lity of the results obtained by users. For example, the increasing similarity
which is obtained in occupant configuration in a head-on collision between the
mathematical simulations and experimental reference tests can be explained on
the one hand by greater data experience, and on the other by successive impro-
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Example of kinematic display

- separated sequences (above)
- superimposed sequences (opposite)
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vements made to the programme, notably to the belt model. But it should be
stressed that, conversely, not only is the expioitation of all the models vital
in order to highlight operating problems and test programme modifications - the
tests, although necessary, will not suffice - but it is also very useful for
showing up a utility hierarchy among all the improvements it would be tempting
to programme. It enables therefore the person in charge of improving the pro-
gramme to carry out the most useful work in priority.

CONCLUSION

The results developed in the appendices will not be recalled; it is rather
a question of taking stock of the use made of MVMA/APR.

After several years of practice with a relatively complex mathematical mo-
del, it appeared that results which could be verified only with difficulty in
experiments, could be obtained using the M.M. Does this mean that the propor-
tion of research work conducted using models will increase indefinitely to the
detriment of research work conducted experimentally ? No answer can be given
to this question for the choice of either approach will depend on the perma-
nent adaptation work which is necessary both for the models and full-size acci-
dent simulations. The models need simulation quality, experiments need repeti-
tivity. It can however be remarked that any extending of the domain accessible
to the model means conducting validation tests and that the test results have
repercussions on the model input data and pose questions relating to the latter.
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APPENDTIX I

STUDY OF THE INFLUENCE OF BUMPER POSITION ON THE KINEMATICS OF A
STRUCK-PEDESTRIAN'S HEAD. (April 1977)

Question : Will a bumper, designed to reduce the risk of serious knee inju-
ry to a struck pedestrian, due to its position Tower than the kneecap, in-
crease the risk of fatal head injury because of the increase in head/véhi-
cule impact velocity or of a less favourable location of the impact point ?

Simulation data.

Pedestrian : 50 percentile, upright
I@pggz speed : 32 km/hr (20 mph)
VehicuTe : two profiles were used :

. a low streamlined profile (that of the Citroen GS)
. a "square" profile (that of the Opel Kadett model 66, type B)
Bumper : The same for both vehicles (shape, strength)

Only the height (h) and overhang (d) with relation to front end of the vehicle

vary and are defined in fig. 2.
In this paper, the position d = 0 is called "normal", and d # 0 is called

"projection".

2 -~ Discussion on data.

2.1 - The impact velocity chosen is that at which fatal pedestrian acci-
dents appear.

2.2 - Position of vehicle body is that obtained with the reference load
but with no braking.

2.3 - Bumper height in the simulation means the height of front top edge
of bumper (see fig. 2).
These heights are for rather low-bumpers with the relation to the
average height, and especially so with relation to recent models;
but as we have made no corrections for the variation in body position
due to braking (which happens in most cases prior to impacting), the
chosen heights should be close to the average.

3 - Results.

3.1 - Velocity of centre of gravity of head upon impact (see table 2)
It increases as the bumper is Towered;
It also increases as bumper projects more.

3.2 - Head S.I. (see table 3)
The S.1. was calculated, but the values obtained show that it is not
a valid criterion for rating bumper heights, for it depends too much
on the shape and characteristics of the bodywork where head impact
takes place for a general conclusion to be drawn. On the other hand,
the maximum velocity of head along its trajectory would have been in-
teresting to have, but it wasn't yet calculated when the study was
conducted.
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3.3 - Maximum bumper force.

It varies very little and increases slightly with bumper height.

At a given height, the maximum force is greater for the square profi-
le with a non-projecting bumper than for the low streamlined profile,
and also greater for the square profile with a projecting bumper than
for the square profile with a non-projecting bumper.

The maximum force applied by the bumper is interesting from the bio-
mechanical point of view inasmuch as it is in direct ratio with the
local injuries sustained.

The 2nd. effect of the force applied by the bumper to the lower mem-
bers is to throw them forward and make them turn. The values which
best characterize, according to us, the repercussion of the kinematics
are the horizontal et vertical components of the dummy momentum 1im-
parted by the bumper. We included this calculation in the programme
after this study, which showed up the need for it.

3.4 - Rotation of lower members and torso
recorded at 200 ms, consequentTy after the head-torso/vehicle impacts.
Generally speaking, dummy rotation in direction of vehicle (see fig.3)
is greater and quicker(from 1 to 2 rad/s at 200 ms), and the legs are
higher if the bumper is 40 cm above the ground instead of 50 cm.

Is the whole body turning and the legs rising a favourable or unfa-
vourable factor for the pedestrian (effect of head/ground impact) ?
A conclusion cannot be easily drawn, for, on the one hand, these ro-
tations are probably exagerated in 211 these simulations (too-
elastic contact components in the data), and on the other hand, the
subsequent kinematics of the pedestrian are largely conditioned by
the torso/bonnet contacts which occur during the long phase preceding
the fall to the ground when the pedestrian bears more or less the
bonnet.

3.5 - Locating the head/vehicle impact
Impact points move very TittTe (from O to 3 cm) and do not always go
in the same direction when bumper height is modified.

However, a slight tendency for the impact point to move to the front
of the vehicle can be detected when the bumper is lowered.
Paradoxically, a (slight) backward movement of impact point is obser-
ved when bumper projection is increased (only the square profile con-
cerned by this). This can be explained by the fact that the greater
angle formed by the tigh bones with the vertical during the time they
are in contact with front edge of bonnet tends to induce their slip-
ping backwards.

4 - CONCLUSIONS
4.1 - Influence of bumper height on the head/vehicle impact.

In both profiles studied when the bumper does not project, we obtain,
for the head, slightly better results with a bumper at 50 cm than at
40 or 35 cm.

The differences in impact velocity are probably amplified by the too
great elasticity of the contact components defined in the data.

In practice, they might be compensed for by smoothing out the more
agressive impact areas, at the same time lowering the bumper.
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We can ask ourselves whether the results obtained with the model are valid as

far as absorbed energy distribution is concerned. It would appear that as the

chronological order and the different load and acceleration levels in the mo-

del with relation to the test are complied with (with the previously mentioned
reservations), the calculation should convey reality faithfully.

0

Fig.3 : Influences of a) bumper height

b) bumper protrusion
on pedestrian kinematics.
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4.2 -

4.3 -

4.4 -

4.5 -

[t should be noted that lowering the bumper makes the bullet car less
agressive in side collisions.

Influence of bumper projection on head impact severity.

Tf the S.T. and maximum acceTeration of the head are excluded for the
reasons stated in § 3.2. page 2, only the head/vehicle impact velocity
remains as a possible severity criterion. According to this criterion,
no significant difference is observed between both configurations of
bumper if it is at 50 cm ("normal" height for the square profile used)
However, the advantage falls clearly to the "non-projecting” configu-
ration if the bumper is in the low position (40 or 35 cm).

Remark

InfTuence of bumper projection on the severity of the femur/leading
edge of bonnet impact, as well as bonnet accelerations.

For the three heights in question, the forces generated at femur/
leading edge of bonnet impact, as well as the accelerations sustained
by the pelvis, are not so high with the projecting bumper than with
the non-projecting bumper.

On these two points, the "projecting bumper" configuration is there-
fore better than the "non-projecting bumper" configuration.

Generally speaking, there is no bumper height and projection suitable
to all vehicles. These parameters should be optimized as a function of
the vehicle profile and the location of the area we most wish to be
impacted by the pedestrian's head.

The purpose in lowering the bumper is to reduce the severity of inju-
ries to the lower members which, although they are rarely fatal, give
rise to concern by theirfrequency and the disability they too often
give rise to.

Although at the present time it exists no injury criterion for the
lower members of pedestrian dummies MVMA/APR, the mathematical model
will enable however knee acceleration as well as femur compression for-
ces as a function of time to be obtained. Knee acceleration could tem-
porarily be used. Furthermore, it would be easy for the knee shearing
force to be calculated into the madel.

It would be useful to simulate other vehicle profiles and velocities
in order to verify whether the calculated values develop in the same
sense when the height or projection of the bumper is varied.
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TABLE 2 - VELOCITY OF THE CENTER OF GRAVITY OF THE HEAD AT IMPACT

It increases when the bumper is lowered:

Profile Height of the bumper Velocity of the 9
(cm) head (c.d.q.)
m/s
Low streamlined 40/50 12.1/11.4 + 5.9
Square(bumper 40/50 11.3/10.9 + 3.7
no protruding) 35/40 11.6/11.3 + 2.8
35/50 11.6/10.9 + 6.7
Square (protruding 40/50 12.3/11.0 + 12.7
bumper) 35/40 12.5/12.3 + 1.2
35/50 12.5/11.0 + 14.0

[t increases too when the bumper is protruding :
VELOCITY OF THE CENTER OF GRAVITY OF THE HEAD

Height of the Square profile with Square profile with %
Bumper protruding bumper  bumper no protruding
50 cm 11.0 10.9 + 0.8
40 cm 12.3 11.3 + 9.4
35 cm 12.5 11.6 + 7.7

TABLE 3 - S.I. FOR THE HEAD.

It increases when the bumper is lowered from 50 to 40 cm.

Profile Height of the bumper S.I. Head %
(cm)
Low streamlined 40/50 1313/1071 + 22.6
Square (bumper
N8 pratrudiie 40/50 1515/1419 + 6.9
square) (grotnuding 40/50 1977/1421 +39.1

bumper)

[t decreases for the two configurations where 35cm was tested,
when the bumper is still lowered from 40 to 35cm.

Profile Height of the bumper S.I. Head %
(cm)
Square (bumper 35/40 1476/1517 - 2.7
no protruding) 35/50 1476/1419 + 4.0
Square (protruding 35/40 1764/1977 -10.8
bumper) 35/50 1764/1421 +24.1
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APPENDTI X II
EXAMPLE OF RESULTS FROM MVMA / APR MODEL.

Question : Where does the kinetic energy go of a passenger restrained by a
belt and knee stop in a head-on collision ?

The simulated test is for a pascsencer dumay in a R.5. body on a sled &t
50 km/hr. The results of the test and mndal are comnared (Fig.s , 7, 7).

- Head and thorax accelerations are similar.

- The femur loads are higher 1n the test. the kree stop characteristics
are different (Knee bar on rigid fixture in test, modelized load/deforma-
tion curve not so steep).

- The lower shoulder belt forces are comparable.

- The upper shoulder belt forces are higher and have a «ifferent shape. It
is a problem reTated to dummy rotation and slippinag away at the end of
collision in the real test : the shape of the upper shoulder belt force
recorded in the model is close to the tests with no slip of the bel:
over the shoulder. The simulation of belt passage over the thorax (tvo
predetermined points) can be questioned.

Based on this modelized test, the distribution of dummy kinetic energy during
the collision was calculated. In the following tables one will find :

- The dummy energy which goes into structure (front unit), troken down de-
pending on the forces acting on the dummy and which bring about dissipa-
tion in the structure.

- The dummy energy which is absorbed by the different passenger compart-
ment parts (belt + anchor points + seat, knee bar, floor), and by the
dummy Jjoints.

This energy has been divided into two time phases of 0 to 70 ms (end of the
body Y , but slight movement of the dummy remains), and 70 to 150 ms.

The modelized thorax in the calculation is rigid.
DUMMY ENERGY ABSORBED BY FRONT UNIT

t(ms) Seat Floor Knee stop Belt Total
0-70 375 681 1220 628 29740
70-150 5 10 9 108 132
0-150 380 691 1229 €05 3106
DUMMY ENERGY ABSORBED IN PASSENGER COMPARTMENT
Deformations
t(ms) Seat Floor Knee stop Belt + Total
fixations
0-70 247 158 726 1503 262
70-150 52 0 79 235 3GS
0-150 299 158 805 1738 3000
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Frictions and dummy joints

Takin
lowin
the ¢

t(ms) Seat Floor Knee stop Belt Joints Total
0-70 164 42 40 40 210 496
70-150 6 1 26 96 512 641
0-150 170 43 66 136 722 1137

Kinetic energy of dummy is 7222 J at 0O ms
1161 J at 70 ms
88 J at 150 ms

which gives the following variations : 0- 70 ms : - 6061 J
70-150 ms : - 1073 4
0-150 ms : - 7134 J

g account of the reservations made on the quality of simulation, the fol-
g remarks can be made concerning the distribution of dummy energy during
ollision :

the 7 kJ for the dummy are split up into 3 kJ for the front unit and

4 kJ in the impact and various frictions in the passenger cell. These

4 kJ are divided into 3 kJ for deformation (impacts) and 1 kJ for fric-
tion (dummy/passenger cell and shoulder belt + dummy joints).

The knee bar absorbs less energy than it transmits to the front unit
(871 as against 1229 J). Its layout in the passenger cell affords good
ride-down. 29% of dummy energy is transmitted in the knee bar forces
(17% in front unit + 12% by knee bar deformation).

It would seem, however, that the energy dissipated in the knee bar is
greater in the test than in the simulation. This could be due to the
characteristics of the knee bar defined as data in the model (cf. § 1/,
maximum upper femur load on test/model).

The "shoulder belt + anchor point" system absorbs more energy than it
transmits to the front unit (1874 as against 806 J). Most of the energy
absorbed by the belt is during the deceleration phase of the vehicle

(0 - 70 ms). In the case under examination, 30% of the energy coupled
with the force acting through the belt is transmitted to the front unit.
37% of dummy energy goes through the belt loads (26% in the belt + 11%
in front unit).

the seat absorbs a notiirconsiderable amount of dummy energy (469 J)
and transmits another quantity (380 J) to the front unit. In all, 11%
of the energy absorbed goes through the forces applied to the seat,
whence the importance of seat fixing to floor.

besides the energy absorbed by the dummy's joints and by belt friction,
most of the energy is absorbed during the deceleration phase of the
vehicle.
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APPENDTIX III
EXAMPLE OF UTILIZATION OF THE MVMA/APR MODEL :

Comparison of various solutions usable for reconstructing real-life acci-
dents od pedestrians with a 50-percentile dummy to simulate a smaller
and/or lighter victim.

When a car collides with a pedestrian, the size (and to a lesser extent, the
weight) of the pedestrian is of noticeable effect on the head impact location,
and consequently on the injuries.

It would therefore appear indispensable when reconstructing accidents using the
50-percentile dummy, to modify the size of the dummy (or at least its height
with relation to the vehicle) to ensure that it corresponds with that of the
victim. To do this, several solutions are possible and were simulated by the
MVMA/APR model. The problem of the weight is considered later.

1 - SIMULATED SOLUTIONS.

In an initial series, the authors have striven to simulate an accident which
occured between a Peugeot 204 and a female 10 centimetres less in height than
the EC-percentile male, and of about the same weight.

The six solutions modelled are as follows :
1.1 - Modified dummy

Test 1-A : Reduction in the lengh of the legs and tighs of 5 cm, re-
suTting in an overall reduction in height of 10 cm.

Reduction in the inertia moments and masses, proportional to the re-
ductions in lengh, in the parts concerned.

Test 1-B : Same modification to the lengh, but with the masses and
Tnertia moments of the lower limbs restored to their initial values,
i.e. those of the 50-percentile dummy.

Test 1-C : Shortening of the lecas and tighs by only 2.5 centimetres,
but combined with 5 centimetres on the lower lumbar of the trunk,
consequently amounting to 10 centimetres in all. The masses and iner-
tia moments are again kept to the initial values.

1.2 - Relative position between modified dummy and vehicle.

Test 2-A : Lower limbes bent, lowering the trunk and head by 10 cen-
timetres.

Test 2-B : Dummy with legs straight, while raising the vehicle (by
changing its seating) by 10 centimetres.

Test 2-C : A compromise bectween test 2-A and test 2-B : slight bend-
ing of the legs (height of hcad reduced by 5 centimetres only), while
at the same time raising the vechicle by 5 centimetres.

2 - INPUT DATA TO MATHEMATICAL MODEL.

The vehicle profile used was that of a Peugeot 204 along the centre-line of the
headlamps, just as in the real-1life accident.
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In this series of simulations, a particular rigidity was not given to the scut-
tle area. Thus, the rigidity of the bonnet was used up to the windscreen. The
head accelerations, the severity index (SI) and the (HIC) depend therefore only
on the speed of the head at impact against the vehicle.

The attitude of the vehicle was that of the unbraked vehicled carrying a stan-
dard reference load. The reason for this is that during the reconstruction, it
was designed to brake the vehicle only at first impact, in order better to con-
trol the height of the nose of the bonnet on impact.

Two other cases were considered in order to act as references, namely :
- Test 0, with the 50-percentile dummy in the normal position.

- Test Oa, with an homothetic dummy reduced as to be 10 cm shorter, and with
the same mass.

3 - RESULTS (see tab]egappended)

A1l the tests with the trunk at its initial lengh (i.e. all tests except 1-C)
result in an impact point from 83 to 87.5 centimetres from the nose of the bon-
net, as against 110 with the normal 50-percentile dummy (test 0), i.e. a mean
shift of about 25 centimetres.

Test 1-C should be compared to test Oa, since in both cases the trunk was short-
ened, and in order to have the same head height, the pelvis occupied a higher
position with relation to the vehicle. Since the edge of the bonnet strikes the
dummy Tower compared to its centre of gravity and at the hip of the dummy, the
trunk rotates more slowly, the dummy moves further towards the rear. The speed
with which the head strikes the bonnet is Tower and the point of impact further
back. (The reader may be reminded that the scuttle at this point has the same
rigidity as the bonnet, so one cannot conclude that the impact is any less se-
vere in cases 1-C or Oa, than in the other cases.)

Apart from case 1-C, the results are fairly similar.

Configuration 2-A (dummy with legs bent) being the easiest to carry out using
concerned test facilities, seems to be preferable, when the 50-percentile male
dummy must be used to reconstruct a real-1ife pedestrian accident, the victim
of which is slightly shorter in height for the same weight.

4 - CONFIRMATION BY MEANS OF CATAPULT TESTS

A test with a dummy was made in configuration 2-A. The results are very simi-
lar to those obtained by the mathematical model. In particular, the point of
impact is the same to within 1 centimetre (see table of results).

A second test was made, with the dummy raised by 4 centimetres (still with the
legs bent), in order to approximate more closely to the actual conditions of
the accident, in which the driver stated that he had braked before impact,
which would thus dip the nose of the vehicle. In this case, the head struck the
scuttle instead of the true accident.

This test was simulated in the case 2-A-b, where a scuttle replaced the section
of bonnet at the bottom of the windscreen. Here again, the results are highly
similar.
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5 - OTHER CONFIGURATIONS SIMULATEGD.

A series of four simulations was ccnducted, cerived from the 1-C case, but
with the masses and moments of inertia of the lower limbs and lower thorax mo-
dified in proportion to the length. In aadition, all or part of the upper mem-
bers were withdrawn in these four tests, these modifications being easy to car-
ry out on a reference dummy. The purpose was to approximate the 50% male dummy
to a subject shorter by 10 cm and slightly lighter, with fairly harmonious dis-
tribution of the weights.

These four simulations are :

1-D-a : Same dimensions and configurations than in 1-C but with the masses
and moments of inertia of the legs and lower thorax reduced in pro-
portion to their lengths. Total weight : 72.1 kg instead of

74.9 kg for the 50% dummy.

1-D-b : As for 1-D-a, with one forearm eliminated. Total weight : 69.7 kg.
1-D-c : As for 1-D-a, with one upper Timb eliminated. Total weight:67.1 kg.

1-D-d : As for 1-D-2, with both upper limbs eliminated.
Total weight : 62.2 kg.

The rigidity of the scuttle is again equal to that of the bonnet.

The results approximate to those of test 1-C as regards the position of the
head-to-bonnet impact point and the HIC.

It is merely to be observed that the head-to-bonnet impact point moves slight-
ly toward the front of the vehicle, as the upper limbs are eliminated. This
can be explained by the fact that the lower inertia of the upper part of the
dummy cuts down the shift towards the rear.

6 - CONCLUSIONS

6.1 - Real-life accidents to pedestrians the height of which is shorter,
Though fairly closed to that of the 50% maie dummy, can be constructed sa-
tisfactorily by such a dummy, provided the height of the top of the head
be brought to coincide with the height of the pedestrian involved, simply
by bending its legs.

6.2 - If only the head impact location is desired, it would not appear ne-
cessary to adjust the weight to that of the victim, since this weight has
but 1ittle effect on the trajectory. This conclusion does not apply if com-
parable values of the HIC are desired.

6.3 - This applies at least to pedestrians of normal corpulence and for
a vehicle profile comparable to that of the Peugeot 204. A similar study
will be necessary to confirm these results for different profiles.

6.4. - The practical limit to the method, i.e. the maximum distance the
dummy can be lowered without introducung unacceptable errors, must also
be discovered.
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