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SUMMARY

Frontal impact simulations with 25 different types of child re-
straint systems have been made with Alderson 3 and 6 years old
anthropometric dummies. Impact speed has been 50 km/h and dece-
leration levels 15-20 g. Electrical measurements, according to

SAE J 211a, have included dummy head and chest accelerations,

sled acceleration and forces acting on the restraint systems.
High-speed photography has also been used.

The most significant difference between various types of systems
has been that the resultant head acceleration and the hyperflexion
of the neck is considerably lower with rearward facing seats com-
pared with forward facing seats, cushions, shells and harnesses.
It is proposed that, when using the test methods decribed in this
paper, the following main performance criteria shall be met:
Maximum resultant head acceleration: 50¢g

Maximum vertical head acceleration: 20g

This implies that, among the systems existing today, only rearward
facing seats can be approved. Behaviourial studies and experience
from the 100,000 rearward facing seats used in Sweden confirm that
this 1s a practical and usable design concept for a child re-
straint system.
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INTROOUCTION

A series of investigations on child restraint systems have been
carried out at the Road User and Vehicle Division of the National
Swedish Road and Traffic Research Institute. Professor Bertil
Aldman, Chalmers University of Technology has served as medical
consultant and the project has been sponsored by the Swedish
Transport Research DOelegation.

This paper presents the most important results from the technical
part of the investigations /1/. Handling performance of buckles
and harnesses /2/ and users”opinions on child seats /3/ have also
been studied from behaviourial aspects,

The main objectives of the project have been:

1. To define the state of the art of design concepts, medical
knowledge, regulations and impact performance of different
systems.

2. To recommend compliance test procedures and performance cri-
teria.

Research and development of child restraint systems was started
in Sweden about ten years ago by Aldman /4,5/. These investiga-
tions resulted “in prototypes of rearward facing child seats in-
tended to be placed in the front seat of the car, supported by
the instrument panel. The \Znedical aspects of how to apply great
loads on a child”s body /6/ are well met by this design concept
where the high back of the seat offers an ultimate load distri-
bution at frontal impacts.

Most work on child restraint systems outside Sweden has been con-
centrated on forward facing systems /7,8,9,10,11/. The rearward
facing concept has often been discussed but rejected due to assum-
ed disadvantages of handling convenience, mounting and the risk

of the child being sick riding backwards. The results of the be-
haviourial studies /3/ indicate that these disadvantages are very
exaggerated.

These problems have also shown to be very rare in Sweden where
about 100,000 rearward facing child seats have been sold., Publi-
city in press, radio and TV has also led to that Swedish parents
are quite aware of the advantages of the rearward facing seats,
and approximately every second seat used in the cars today is of
this type.

This situation has made it possible for Sweden to accept the in-
ternational recommendations /12/ on testing child restraints
since these recommendations are intended only for forward facing
systems.

The test procedures and performance criteria to be presented in
this paper will therefore aim at giving the children optimal pro-
tection according to the present knowledge of the performance of
different systems.

/ / Refers to references at end of paper.
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FRONTAL IMPACT TESTS
1 TEST CONOITIONS

This study includes only frontal impact which is the most common
and the most severe type of accidents. Impact speed was 50 km/h
and the stopping distance approx. 65 cm which implies a decelera-
tion level of 15-20 g. Since a standard car seat was used on the
test sled we consider it important to use this moderate decelera-
tion level in order to simulate the real dynamic interactions be-
tween the restraint system and the car seat.

Alderson VIP-6C anthropometric dummies, equipped with 3-axial
accelerometers in the head and chest, were used.

The complete instrumentation, which was designed to follow SAE
Recommended Practice J 211a where applicable, is described in
‘igure 1.

"hotographic coverage of the tests was obtained by 5 high-speed
motion picture and sequence cameras.
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Figure 1. Instrumentation
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.2 RESULTS

The impact protection performance of the restraint systems was
studied from the following aspects:

A. Head acceleration

B. Chest acceleration

C. Oisplacement

0. Load distribution

E. Oynamic strength

Based upon the different design concepts and the results from the
parameters mentioned above, the restraint systems can be divided
into five types:

Type I. Rearward facing seats, front seat.

Type II. Rearward facing seats, back seat.

Type III. Forward facing seats and belts with upper torso straps.
Type IV. Lap belts, shields, cushions and harnesses.

Type V. Hookover seats.,

Since the head acceleration is considered to be the most important
parameter in these tests, and due to limited space in this paper,
only these results will be presented here. The other aspects men-
tioned above are also partly reflected by the head acceleration.

Type II systems have almost the same performance as Type I and are
therefore not included in these results. The systems of Type V
were too weak to retain the dummy and are, for that reason, not of
any interest in the following.

The graphs presented in Figure 2,3 and 4 show the ranges of head
accelerations measured with different types of restraint systems.
The following conclusions are drawn from these graphs:

REARWARD FACING SEATS decelerate the head in its initial position.
The deceleration starts early and follows the sled deceleration
which implies that the resultant acceleration will stay below 40 g.
The vertical accelerations are below 10 g.

FORWARD FACING SEATS and BELTS WITH UPPER TORSO STRAPS allow the
head to rotate forward before the deceleration starts. The head is
then decelerated by hyperflexion of the neck. This sudden rotation
is probably an injury-producing factor in itself due to the high
rotational accelerations of the brain. These rotational accelera-
tions have been measured and will be reported later. The forces

on the neck are at least 3 times as large as with the rearward fac-
ing seats. At a later stage of the collision the back of the head
will, due to rebound effects, impact the child seat, resulting in
very high acceleration peaks.

LAP BELTS, SHIELOS, CUSHIONS and HARNESSES allow the head and tor-
so to rotate forward until they impact the restraint system or the
legs. This rotation is rather slow and by the time the head im-
pacts, large relative velocities have developed. The deceleration
of the head 1is therefore accomplished by both a severe facial im-
pact and hyperflexion of the neck. Rebound effects are also quite
common with these systems although they will appear at later sta-
ges than covered by the graphs in this paper.
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Figure 2 Head accelerations from 5 tests with different
REARWARD FACING SEATS in front seat installations.
(Botted lines indicate proposed performance cri-
teria.)
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STRAPS. (Dotted lines indicate proposed perfor-
mance criteria.)
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Figure 4 Head accelerations from 5 tests with different
LAP BELTS, SHIELDS, CUSHIONS and HARNESSES.
(Dotted lines indicate proposed performance criteria.)
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3. PROPOSED PERFORMANCE CRITERIA

As has been shown in the previous pages there is a great diffe-

rence in dummy kinematics between different types of systems.

ODur opinion, that the head accelerations can be used as perfor-

mance criteria, is based on the following considerations:

1. Acceleration tolerance limits for children are not known today.

2. Acceleration tolerance limits for adults are known only to a
very limited extent.

3. When testing adult restraint systems one has since a long time
accepted that accelerations measured in a test dummy represents
injury to an adult in the same crash situation.

4, Acceleration tolerarce limits can only be described in probabi-
lity terms. (% killed, degrees of injury etc.)

5. The intention of a restraint system must always be to minimize
the accelerations measured in a test dummy.

Based upon these considerations, the following definition of the

acceleration performance criteria can be made:

Accelerations measured in a test dummy in a specified test proce-

dure must not considerably exceed the accelerations obtained at

tests with restraint systems representing the best existing de-
signs from a protection-performance point of view.

Our proposal for compliance tests with child restraint systems

consequently is:

Impact tests as described in this paper with the following limits

for the head accelerations as the main criteria:

Resultant head acceleration max 50 g.

Gz (Superior-Inferior) head acceleration max 20 g.

A number of other, more obvious, requirements that also shall be

met are presented in the complete report.

This proposal implies that, among the child restraint systems

existing today, only rearward facing child seats can be approved.

Based upon the psychological investigations performed within this

project and the long experience with rearward facing child seats

in Sweden, we are convinced that these test methods and perfor-
mance criteria reflect the present knowledge of how to give our
children the best possible protection in car accidents.
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