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INTRODUCTION

Biomechanical data are till now mostly determined for
the group of old people. Only few results are known for middle
aged persons and nearly nothing is known about biomechanical
levels of the injury tolerance of children. Because of the
general absence of such data, the aim of this paper will be the
correlation of dummy measuring values with real injuries of
children for establishing levels of injury tolerance, but on the
other hand, the dummies are needed for the evaluation of safety
devices.

Especially appropriate for the production of such a
correlation is the repetition of real-child pedestrian accidents,
because with Pontoon front contours children are not thrown onto
the vehicle, but will be positioned at the primary contact areas
in the impact phase with the effect of a high test reproducibility.
On the other hand, there exists a large enough number of in-depth
single-case analyses of real child pedestrian accidents to use a
selection modus for finding out appropiate cases for repetition.

So, as to allow as much evidence as possible concerning
body sequents, an Alderson VIP 6 was modified by bringing in
additional measuring equipment for the neck, abdominal region,
pelvis and lower extremities. All tests are worked out on a
special pedestrian impact test facility. Besides the comparison
of real accidents and test results, concerning the area of corre-
lated reversible loading ranges the latter will be shown for the
head and neck area.

Range value of the impact loading should be the rever-
sible injury which means no lethal consequence and no irreversible
injury, for instance no fracture. This means, it is located under
an injury level of AIS 2 (1). The main point of injury models of
child traffic participants is the head for unrestrained and re-

strained child car occupants (2), as well as child pedestrians (3)
and two wheel riders. Therefore, establishing levels of injury
tolerance should go in line of order with the endangering of body
regions.

For child pedestrians, there result from the body regions
with the injury level of AIS 2 a frequency of 31%, and for the
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group larger than AIS 2 of 25%. Under consideration of reversible
range loading until an impact speed of 10,9 m/s there would be a
reduction of 49% of injury severity groups from AIS 2 on, on the
other hand of 19% from AIS 3 on.

Starting with direct comparisons of the impact tests with
the reail accident, it is followed by a looking out for a general
comparison, this means correlation between test results and real
injuries.

EXISTING RESULTS

Backaitis et al. (5) discovered that the restrained
Alderson VIP 3 and 6 dummy appears to correlate fairly well with
baboons on the basis of head excursions in the forward and lateral
collision modes , nevertheless caused by his body segments,.

The child cadaver and VIP 6 kinematic is similar during
the frontal impact as restraint car-occupant (6). Also the belt
load time history, as well as the course of resultant head de-
celerations, correspond to a great extent. The flexion behaviour
of the vertebral column shows significant greater values for the
cadaver and thereof, greater times of displacement. The adult
dummy (Sierra Stan 50%) and cadaver kinematics are fairly similar
during the initial phase of the pedestrian accident (7). Shape
and size of deformation caused by the head are comparable.

The dummy has higher and shorter acceleration pulses

than the cadaver (8) (9), as well as lower ground contact forces
in lateral pedestrian collisions, possibly caused by a greater
lateral flexion of the cadaver knee. Dummy impacts are more

repeatable than cadaver impacts.

Blunt, respectively, great surface loading, is favourable

for a comparison of dummy and cadaver (10). Direct comparison
between dummy and cadaver, respectively living human being, taken
from the literature are limited essentially to single cases and

allowed general results only for kinematic and kind of vehicle
damages.

Correlation setups made up to the present have not
started first by direct comparison of a great number of single
cases, but rather by correlation of groups of dummy tests, as well

as groups of living human beings by individual calculated depen-
dancies to a parameter of accidental severity. Contrary to the
direct comparison, a great number of the trauma influencing
traffic participant parameters, vehicle parameters as well as

accidental parameters cannot be eliminated.
TEST APPARATUS

PEDESTRIAN DUMMY

For the repetition tests, a 50% 6 year old dummy - Alder-
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son VIP b6 - is used with additional installed measuring gauges
which are of importance especially for the pedestrian collision.
Fig. 1 shows the modified dummy without soft tissues, A measuring
neck was constructed and placed close to the lower end of the
rubber neck and installed into the upper thorax to measure sheare
forces, bending moments in the spinal cord area of C7, as well as
cranial neck forces,.

For the measuring of triaxial pelvis acceleration, a tube
was brought into the pelvis with accelerometers positioned at a
vertical height between the upper femoral joints. Because the
lower extremities are a high loading area in pedestrian collisions
the originals were exchanged for more resistant new ones of the
same weight as well as distortional flexibility between thigh and
shank. By the installed internal cables, the total mass of the
dummy rises from 21.5 to 21.6 kg.

A total of 32 channels are taken from the dummy (Fig. 2).
The bending moment transducers for the lower extremities are
located in the proximal, medial and distal area of the upper as
well as lower leg (Fig. 3). Because of the dummy rotation in the
initial impact phase, caused by a walking position of the dummy,
the thighs have installed two-axis bending moment transducers.
Limited by the channel capacity of the amplifier , only that one
of the shanks which is placed at the impact side, is plugged to
the measuring system.

IMPACT TEST FACILITY

With the aim of a high reproducibility of the pedestrian
collision, the main influencing accidental parameters on kinematic
as well as loading of the dummy must be repeatable by the impact
test facility (Fig. 4), These are impact speed of the car,
braking deceleration of time of impact, primary impact point at

the vehicle and dummy as well as position of upper and lower
limbs. Additionally, the vehicle frontend geometry and stiffness
must be equal in a test series. Therefore, after every impact,

the damaged vehicle elements are changed on the basis vehicle.

In addition, the joint moments of the dummy were checked before
every crash. To equalize a higher stature of the accidented
child, the c.g. of the dummy was lifted up to the one of the real
child by using additional soles of light Polyurethan strong fixed

to the shoes. The dummy was free standing at the time of collision
because an electromagnetic retaining device, whilich fixed the dummy
in impact position, let him free just before impact. The measur-
ing cable which leaves the dummy near his c.g. was placed at its
first five meters over a cross stick, falling down after the dummy
moved about one meter. Therefore its influence is drastically
reduced in the primary impact phase. Through the low level of

influence of walking speed on the position of the head’s impact
point on the vehicle (in the walking direction) due to the child’s
low body height, this is contrary to that of adults, it was de-
cided to do it without a dummy own speed, for bringing about a
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better reproducibility of test results.

To find out clear contact areas post-crash on the dummy
and vehicle, the head, as well as the impact side of the lower
legs of the dummy, are painted red, respectively blue, the vehicle
front is painted white. Post-crash vehicle and dummy are
positioned in the initial phase of collision to find out the
correlated contact areas.

REAL ACCIDENTS

For representative results, a selection modus is used to
find out typical average accidents from the real crash situation
(2), for example:
= 50% pedestrian (7.1 year old child) which means here stature

height as well as mass near the VIP 6

- pontoon front contour (involvement 63%) (2)

- clear impact point or small area on the road, as well as impact
speed

- braking at time of collision (involvement about 70%)

- vehicle frontal impact (involvement 75%) (2)

- impact speed in the area of 6.0 to 10.9 m/s (area of highest
involvement)
- pedestrian lateral impact (involvement 71%) (2)

Based on 200 medically and technically in-depth-single-
case analyses of real child pedestrian accidents of traffic
accident research programmes (financed by the Federal Authorities
of Road System, Cologne, FRG) 10 cases were selected which are
most equal to the requirement list. Information of the type of
real accidental data are given by (2),.

Of importance for the dummy test are, as explained be-
fore, the injuries caused by vehicle contact. Only for these
primary injuries can the accidental parameters be analyzed from
the real accident. The separation of the injuries in primary and
secondary (road) is done as follows:
injuries caused by primary collision are related by the extension
and position of damaged spots on the vehicle, as well as type and
position of injury
injuries caused by secondary collision are determined by type and
place of injuries, degree of contamination of injuries, as well
as reconstruction of the motional action.

COMPARISON REAL ACCIDENT/DUMMY TEST

A survey of the choosen real cases, as well as the worked
out impact tests, is given by Fig. 6. The vehicle impact speed
is varied in the ranges of the real accident with the aim to have
the test at the lower as well as upper range, possibly also in the
middle of the real impact speed. Also the position of the upper
extremities are defined for this purpose. —

Each test set consisted of more than two repetition tests
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designed to provide information on the consistancy of test results.

A sample of mostly resultant measuring signals for the
body segments are given with Fig. 6 from impact 3.1. For the
lower extremities on the impact side the first peak is caused by
the bumper/shank impact, the second by the headlight surrounding/
thigh impact and the third by ground contact.

Because the head is the highest traumatized body region
for children, eight cases were choosen with a Scull Brain Trauma
of first degree - cerebral concussion with an unconsciousness
under 15 minutes - (Fig. 7) and two cases with a second to third
degree one - unconsciousness of more than 12 respectively 24
hours -. The impact direction of the head correlates well by the
repetition test with the real accident. For the evaluation of
the agreement of the vehicle damage from the head impact as main
parameter, the depth of penetration is shown. The real depth
values must be taken as approximate values. Because the local
stiffness of the bonnet is influenced by the position of bracings
but on the other hand a different position of the impact area
means not necessarily a different stiffness, an additional
information is given regarding the position to the vicinity of the
bracings. As a consequence test 8.3 shows a position at the range
of a bracing as well as 9.3 also near a bracing but also with
greater degree of depth of penetration.

An example of high and low reproducibility regarding the
resultant head acceleration is shown with Fig. 8 and 9. The
variation of the HIC from 449 to 1380 shows the sensibility of the
HIC despite the similarity in form of the signals, therefore the
peak value shows a great influence.

Because the biomechanical loading for the human body
intensity and time duration of the acceleration pulse is of im-
portance, besides the calculation of HIC and SI also the effective
resultant head acceleration (changing of speed of the head/time
duration) for the direct vehicle contact, but also for the whole
primary impact (direct and indirect acceleration), are calculated.
In addition, the level of resultant head acceleration for a time
duration of 3 m/s is also given by Fig. 7.

REPRODUCIBILITY OF TEST RESULTS

As can be seen from Fig. 5, the distribution of test
results contains also the distribution followed by the wished-for
changing of the impact speed in the ranges of the real accident.
For test series number 9 the level of impact speeds are positioned
under the range of the real case due to the maximum speed of the
pedestrian impact facility.

With Fig. 7 the average percental spread in the test

series is for the HIC + 23%, for the SI + 2306 and for the a
o = = Hr
> 3ms + 15%.
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CORRELATIONS

The worked out correlations are shown in this phase of
the study only for the head and neck region.

HEAD AREA

Because the test impact speed was mostly in the range of
real accident, all of the measuring values from a body region of
a test series could be the searched correlated value, with the
exception that the area of impact would not be comparable to the
real accident. [t follows that all loading values, not only their
arithmetical mean values, are possible correlation values to the
real injury.

The percental accumulative frequency of HIC and resultant

head accelerations - peak value as well as for time durations
> 3 ms - related to real injuries of First Degree Scull Brain
Trauma can be seen in Fig. 10.

Not included are the results of 4.1 and 4.2 because a

shoulder impact occures in every test which is contrary to the
real accident.

For the Head Injury Criterium 50% of the values are under
750 and for the resultant peak head acceleration under 139 g, as
well as for time durations > 3 ms under 80 g.

To find out a correlated range of reversible child head
injuries, wherefrom level and time duration of loading can be
taken is given by Fig. 11. Also sketched is the Wayne State
University Curve for cerebral concussion (11) worked out for
adults.

Because the direct head/front-end impact can be accepted
as cause of the real injury, but also on the other hand the in-
direct head acceleration can possibly be a co-cause of the Trauma,
for both groups the effective resultant head acdlerations are
sketched. The consequence of calculated loading values with an
ability to express only for a ranged time duration, shows that the
borderline of reversible head injuries in children is reached by
a lower loading, in contrast to adults. The ranged time duration
is nevertheless of special importance for the layout of safety
devices in pedestrian collisions.

NECK AREA

From the choosen 10 real cases there was none with a neck
injury. Because the neck with children is disproportional smaller
in circuit than with adults it is also of great interest to

correlate these measured impact loadings.

With Fig. 12 50% of the shearing forces are located under
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730 N and 50% of the bending moments - both in the area of C7 -
under 95 Nm. The cranial neck forces seem to be very high with
50% of their values measured under 1970 N with a head mass of the
VIP 6 of 2.5 kg and a neck mass of 0.4 kg. For example Burow (12)
found out by adult cadaver tests that a shear force of 1800 ./.
2600 N can result in an injury of the condyle joint - adult head
masses between 2.7 and 3.5 kg - as well as in one case he found a
rupture of neck with a cranial force of 1000 N.

The arithmetic mean distribution of the measuring values
in the test series is calculated to + 21% for F and + 15% for
o = Ns -
Fue @s well as + 6% for MNE

SUMMARY

The worked out results are all dependent on the used
dummy, a modified Alderson VIP 6, which means that these are
correlated values. Because the dummy shows a similar kinematic
behaviour to that of living human beings, the results can also
give an estimation of the area of biomechanical tolerance levels
of children. The repetition tests for a group of 10 selected real
child pedestrian accidents shows a reproducibility of loading
values for the head and neck region between + 6 to 23%.

The following results are of special importance:
1. For the head region 50% of the HIC values are located under
750 if correlated to real injuries of First Degree Scull

Brain Trauma.

2., The lower range of the effective resultant head acceleration
for head/vehicle impact which is also correlated to real in-
juries of First Degree Scull Brain Trauma, shows in the

average values of about S0 g for time durations of 15 to 20 ms.
This would be a possible upper range of reversible injuries.

£3% For the neck region 50% of the shearing forces in the area of
C7 are found under 730 N. Bending moments in the same area
are till 50% of them smaller than 95 Nm. Both are correlated

to real child pedestrian accidents without a neck injury.

Conclusionary the correlated measuring values of the
child dummy shows for the head area that children are injured
earlier than adults at the same loading.
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