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ABSTRACT

An evaluation of the dynamic test requirements of the ECE 44 child-restraint
regulation is made, based on a 1} years of experience with a wide variety of
child-restraint systems in about 450 tests. The performance of current '"state
of the art" child-restraint concepts is discussed, the conclusion being that
most current designs need substantial modifications to fulfil the ECE 44 re-
quirements.

There is a problem with the seats using adult 3-point belts as regards the
chest acceleration tolerances. The padded shield-type seats with lap belts, on
the other hand, have a tendency to exceed the maximum head excursion limit of
550 mm. Most systems using belts show abdominal penetration, often resulting
in a submarining. The regulation is found to be very restrictive, which could
lead to overcomplicated systems likely to be rejected by parents. A cause of
the difficulty can be the seat cushion of the ECE 44 bench seat which seems to
be too soft. Some improvements to the dummies and the abdominal penetration
measurements is discussed. Measurement of head accelerations is proposed be-
cause of the possibility of head contacts with certain types of restraint sys-—
tems.

INTRODUCTION

The Economic Commission for Europe of the United Nations installed the '"Ad
hoc Group for Child Restraints" in 1977. The task for this group was to draft
"Uniform conditions concerning the approval of restraining devices for child
occupants in power-driven vehicles".

From the outset the intention of the Ad hoc Group was to approach the problem
afresh from various viewpoints and not to rely heavily on existing rules.
Specialists from different disciplines therefore cooperated in examining not
only the general safety problem, but also safety-related aspects, such as us-
ability, comfort and rescue. This group produced a draft standard in 1979 which
was submitted to Working Party 29 of the ECE in Geneva. The draft, after a num-—
ber of modificatons, was adopted by the United Nations as ECE Regulation 44 and
came into force on 1st February 1981 [1]. Since then the regulation has been
adopted in the United Kingdom, the Netherlands, Denmark and Sweden. Many other
countries are expected to do so in the near future.

The regulation requires a 50 kmh frontal impact test for evaluation of the
safety performance of the systems. The child-restraint systems are tested on a
soft bench seat with a deceleration pulse representative of current production
cars (Fig. 1).

The regulation specifies a group of four dummies representing mass and anthropo-—
metry of children aged nine months, three yececrs, six ond ten vears [2]. A spe-
cial requirement for the dummies was a1 realicric pelvic shepe and a soft abdo-
men suitable for the measurement »f abdorinal penetrrotioy (Pl 2).
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Requirements of the ECE 44 regulation which are essential for the safety per-
formance are:
- a limit value on the resultant chest acceleration of 50 g except during
periods whose sum does not exceed 3 ms;
- a maximum forward head excursion of 550 mm measured from the intersection
point of seat—back and seat—cushion planes;
- no essential abdominal penetration allowed.
The regulation specifies no measurements for the head acceleration because it
was felt that avoidance of any head contact by limiting the forward head ex-
cursion was sufficient protection for the head. Many current child-restraint
systems, however, are of the impact-shield-type allowing a head contact. In
addition to the above-mentioned parameters in the tests carried out at TNO,
head acceleration has been measured to assess the injury-producing potential
of the head contact.
The paper presented here gives an evaluation of the dynamic test procedure and
discusses the performance of current '"state of the art'" child-restraint con-
cepts based on experiences with the regulation at TNO.

TEST PROGRAM

During the last 1} years the test laboratory of TNO carried out about 450
tests with a wide variety of child-restraint systems. The concepts of these
systems ranged from simple adjustment to a 3-point adult belt system to com-
pletely integrated seats with harness belts.

Most of the tests were carried out according to the requirements of the ECE 44
regulation and were done for homologation, for product development and for con-
sumer investigations.
For the present paper, 140 tests on restraint systems have been selected as re-
presentative of one of the six main categories that we defined (Fig. 3). These
main categories are representative of child-restraint systems as manufactured
up to the beginning of 1981.
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' B seats using adult C seats with impact block
A seats with harness belts 3-point belts using lap belts

D harness belt systems only E booster seats using I adult 3-point belts
adult 3-point belts with guiding straps
Fig. 3 Definitions and examples of six main

categories of child-restraint concepts.

All systems that failed a test badly or did not conform with defined catego-
ries, and tests deviating too much from the R 44 conditions, were not directly
considered for this study. However, the experience gained in the 450 tests is
reflected in the discussion.

The number of types and the number of tests for each defined type and age group
are presented in Table 1.

Table 1 Summary of number of tests for each restraint category distributed
over the age groups

. tested dummy dummy dummy dummy total
restraint category types P 1 E 8 P 6 P 10 number
of tests
A seats with harness belts 5 13 13 5 = 31
seats using adult 3-point 9 3 4 5 _ 12
belts
c seats with impact block 5 14 18 4 - 36
using lap belts
D harness belt systems only 3 = 5 6 3 14
E boosFer seats using adult . B 8 10 12 30
3-point belts
F ad91F 3-point belts with 5 B 6 7 9 17
gulding straps
Total number of types and tests 21 30 54 )7 19 140
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TEST RESULTS

In all tests the following injury prediction parameters were measured or
calculated. The limit values for those parameters that are part of the ECE 44
requirements are given between brackets.

- resultant head acceleration

~ head injury criterion HIC

- resultant chest acceleration (max. 50 g exceeding 3 milliseconds)
- vertical chest acceleration (max. 30 g exceeding 3 milliseconds)
- chest severity index, CSI

- maximum forward head excursiom (max. 550 mm)

— abdominal penetration (no penetration allowed).

The complete results of the 140 tests are summarized for each category of re-
straint in six tables given in the annex. These tables show test results for
each particular child restraint and for each of the age groups relevant to the
considered product. Most of the tests are repeated 2, 3 or 4 times for the same
condition to assess the repeatability. The last row in each table gives the
average values for each product.

The maximum forward head excursion is presented in the tables relative to the
head excursion limit of 55 cm. For example, +15 means that the head stops 15 cm
before the limit of 55 cm, and -15 means that this limit is exceeded by 15 cm.
The abdominal penetration is measured with the modelling-clay-imprint technique
as proposed in the regulation, backed up by high-speed film analysis.

Table A presents test results for seats with harness belts. These systems differ
in principle from the others in requiring a top strap from the child seat to the
parcel shelf of the car. The table gives the results for five different products
coded A1 ... AS5. The first three have a 4-point harness and the last two a 5-
point harness, i.e. they have a crotch strap.

Table B presents test results for seats using the adult 3-point belts. Only two
products were tested B1 and B2. In the tests with the "6-year-old" dummy on
type B1, the lap-belt guide did not function properly, resulting in severe sub-
marining which, in turn, affected all the other measured parameters.

Table C presents test results for seats with an impact block using the adult
lap-belts only. Five products, coded C1 ... C5, were tested. For these types of
restraints no abdominal penetrations have been detected, as the impact block
loads the abdomen and chest over a large area and avoids any essential penetra-
tion.

Table D presents test results for special harness-belt systems only. Three
products have been tested, coded D1, D2 and D3. All types show an abdominal
penetration from the lap strap resulting in significant submarining which, in
turn, affects all other measured values, especially the forward head excursion.

Table E presents test results for booster seats using the adult 3-point belts.
Four products, coded E1 ... E4, were tested. The last two products E3 and E4
have inadequate lap-belt guidance, resulting in abdominal penetration by the
belt and a submarining in all tests. Because of the submarining, the results
for the other measured values are not meaningful.

Table F presents test results for adult 3-point belts with guiding straps.
Three products were tested and coded F1, F2 and F3. Again, all systems gave an
abdominal penetration resulting in significant submarining.

The results presented in these tables are too detailed to base any general con-
clusions on. For this reason g graphical presentation is given of the two main
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requirements of the regulation, head excursion and chest acceleration, for each
of the categories of restraints and for each age group test. The graphs direct-
ly show whether the type of restraint system meets or fails to meet the require-
ment for certain age groups. The graphs are based on the average results of all
tests for all products in the category considered (Fig. 4).

Fig. 4
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averaged results

General conclusions on conformity with Regulation R 44 based on

Meets the requirements of R 44 with respect to

excursion acceleration abdominal crotch strap
restraint systems head chest loading allowed
A seats with harness belts
—- without crotch strap yes yes no ==
- with crotch strap yes yes yes no
B seats using adult s 0o os L
3pts belts y y
C seats with impact- - s s .
blocks using lapbelts / J
D harness belt system
no yes no =
only
E booster seats using - - - L
adult 3pts belts y y
F adult 3pts belts _
yes no no -

with guiding straps

The general conclusion to be drawn from the graphs, that is whether a system
meets or fails to meet the requirement for all age groups, is given in Table 2
together with that of meeting the abdominal penetration requirement of the con-
sidered restraint category. The table distinguishes between seat—harness sys-
tems with and without a crotch strap in category A.
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Table 2 clearly shows that, on the average, the current child-restraint con-
cepts have difficulties in meeting the regulation. Since the above conclusion
is based on averaging the results for good and bad products, thus obscuring

the potential of some systems, we have also selected the best products out of
each group. The results of head excursion and chest acceleration of the best
products are presented in Fig. 5 and Table 3. The general trend in these graphs
shows that there is a tendency towards meeting the requirements better, but the
graphs also show that the head-excursion and chest—acceleration requirements
are often in conflict and that, together with abdominal loading, generally the
regulation requirements are not adequately fulfilled.
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Fig. 5 Head excursion and resultant chest accelerations
for the best product in each restraint category.

Table 3 General conclusions on conformity with Regulation R 44 on the part
of the best product in each restraint category

Meets the requirements of R 44 with respect to

excursion acceleration abdominal crotch strap

restraint systems head chest loading allowed
A seats with harness belts os - o
(with crotch strap) yes ¥ y
B seats using adult
es e
3pts belts yes e y
C seats with impact-
. es s
blocks using lapbelts — yes 2/
D harness belt systems SiEE JeE no L
only
E booster seats using
S es —ee
adult 3pts belts DiEq ve y
F adult 3pts belts = no = .

with guiding straps
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DISCUSSION OF TEST RESULTS

Looking at the results generally, considerable differences were observed be-
tween the results obtained for the different products in each restraint catego-
ry. These relate to the different constructions of the systems but are found
also in apparently identical products. From this can be concluded that the
test results in the ECE 44 regulation are very much influenced by construction
details.

Let us look at the tests which were repeated. With a particular system, devia-
tions were observed between the test results which for some types were very
large. This problem of repeatability is caused by a variety of factors. First,
the test input conditions can differ slightly, the sled velocity and decelera-
tion vary a little, the initial position of the restraint system and the dummy
are never exactly the same, the belt pretension and adjustment may differ,
belts with automatic retractors activate perhaps at different moments, etc.
Second, the tested restraint systems may differ slightly. In addition most of
the systems use straps or foam contacts that evince nonrepeatable friction phe-
nomena. Some systems, especially those with symmetrical restraints, such as the
harness seats and the impact block seat, show better repeatability than other
nonsymmetrical systems, for instance the booster seats combined with an adult
3-point retractor belt.

Finally, the dummy used for the evaluation measurement may give different re-
sults for identical inputs owing to the tolerance field arising out of the
dummy's calibration condition [3, 4].

The first and third causes of the nonrepeatability can be largely eliminated

by carefully controlling the test set—up conditions and the calibration of the
dummy. The second cause is inherent in the tested restraint system.

If a restraint system under slightly varying input conditions produces largely
different test results we refer to it as a non-stable system. Because of the
fact that in real-world accidents the input conditions vary considerably which,
in non-stable systems, may lead to inadequate protection, we have our doubts
about such systems. We expect that the regulation is more representative of the
real-world performance of the more stable systems than it is of non-stable sys-
tems.

DISCUSSION OF TEST PROCEDURE

From the test data available, it can be concluded that it is difficult to
design a system that meets the requirements of this regulation. Experiences
with optimizations on current designs at TNO show that we are dealing basically
with two conflicting requirements, that is, the limit in head excursion and in
chest acceleration [5, 6]. When the head excursion is kept within limits by
restraining the upper torso with straps or foam blocks, we often observe too
high a chest acceleration. When the ride-down of the chest is improved with a
lower acceleration, the criterion for maximum head excursion is often exceeded.
Looking at field accident data for current child restraints, however, there is
no strong evidence that the protection afforded is insufficient. For this rea-
son we consider the current requirements to be too restrictive. They force the
manufacturers into overcomplicated systems that are neither comfortable nor
practical and that could lead to rejection by the parents.

As regards the current ECE 44 regulation it is felt that the following items
should be considered for improvement:

ECE test bench seat:
The soft seat prescribed for the regulation test is one of the major causes
of excessive forward rotation of those child-restraint systems that use only a
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lap belt. The seat-foam softness was based on the results of a 1977 study of
seat cushions in private cars, at that time currently on the market. This foam
fully extends from the seat surface to the flat bottom of the sled, which al-
lows large penetrations. A pilot study on recent car types, however, shows much
more seat hardness due to thinner seat cushions with an underlying sheet-metal
seat-pan.

This problem of seat stiffness and construction should be reconsidered.

Dummies:

There are some aspects on the dummy that must be changed. This is the modific-
ation of some construction details with the aim of improving the durability
and the calibration quality. This modification program has recently been put
into effect at TNO.

The main improvements were in the adjustments of the joints and a better de-
sign of the spine-neck cable and its attachments. The improvements on the
spine-neck cable are expected to result in more repeatable measurements of
head accelerations.

Abdomen penetration measurement:

The current regulation defines a measuring method which is based on evaluation
of a permanent imprint on a piece of modelling clay. This method is criticized
because it shows two deficiencies. The first problem is that the clay does not
distinguish very clearly between an imprint from a belt and an imprint from
the dummy sternum itself during much forward bending. Therefore it is not a
very objective measurement and it requires some experience on the part of the
test engineer. The second problem is that in very severe submarining in which
there is belt penetration high under the lower ribs, there is no indication at
all. Practice at TNO is to base the evaluation not only on the clay imprint,
but also on analysis of high-speed film of the test, a procedure also in use in
other laboratories.

Currently some alternative methods are being studied, one of which, a method
with an imprint on so-called 'bubble-foil" developed in the United Kingdom,
shows good promise.

Head acceleration measurement:

The current regulation does not require head acceleration measurement. The
reasoning behind this was that it was felt to be sufficient to avoid any head
contact with the vehicle interior by limiting the forward and vertical head
excursion. Since the start of the work of the ad hoc group however, some
restraint systems have evolved towards systems with foam—-impact blocks or
shields. In these systems head contacts with the block or shield often occur.
For this reason TNO feels that some restriction should be placed on the sever-
ity of this head contact by setting a limit to the resultant acceleration.
From recent experiences with designs using respectively soft and rather hard
foam in the impact block, we think a reasonable limit would be a maximum of
v 80 g for the resultant head acceleration at durations exceeding 3 milli-
seconds. Another more complicated method could be to put some limit value to
the HIC calculated during contact only.

SUMMARY AND CONCLUSIONS

TNO carried out some 450 dynamic tests on a wide variety of child-restraint sys-
tems according to the requirements of the recently adopted ECE 44 regulation.
This study presents an evaluation of the performance of current child-restraint
concepts and evaluates the ECE test requirements. For this study 6 main groups
representing the different child-restraint concepts were defined and, on this

|
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base, the 140 most representative tests were selected for more detailed analy-
sis. From this analysis we could conclude that all current child-restraint
concepts have difficulties in meeting the requirements. They all fail for var-
ious reasons. Some systems fail by exceeding the head excursion although they
show an acceptable chest acceleration. Other systems fail by exceeding the
chest acceleration limit and the head excursion is well within the set limits.
Many systems restraining the child with belts directly on the body fail be-
cause the abdomen-penetration criterion is not met.

These findings do not mean that the dynamic performance of the various catego-
ries is not feasable for improvements and might eventual meet the requirement
of R 44. But, based on the fact that field accident data put forward no strong
evidence of inadequate protection, the question should be put forward whether
or not the current requirements are too restrictive and for that reason con-
ducive to the emergence of overcomplicated systems that might well be rejected
by the parents.

One reason for the too restrictive requirements in the regulation can be the
very soft test seat, causing excessive forward rotation of some restraint con-
cepts.

Improvements on the dummy construction increasing the calibration condition
are discussed. Problems encountered with the modelling clay technique for
abdominal penetration measurement are discussed briefly.

The current- ECE 44 regulation requires no head acceleration measurement, but
since some restraint concepts allow a severe contact between the dummy head
and an impact block or shield we think that such measurement should be recon-
sidered. A maximum resultant head acceleration value of ~ 80 g exceeding 3
milliseconds has been proposed.

Summarizing, the following conclusions have been arrived at:

most current restraint systems have difficulties in meeting the ECE 44 re-
quirements;

the requirements are too restrictive and may lead to overcomplicated designs;
a reason for over-restrictive requirements could be the excessive softness

of the test seat, the performance of this seat should be reconsidered;

the dummy construction needs some detail improvements;

the measurement of head accelerations in the case of a head contact with

the restraint system is proposed.
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Table E TEST RESULTS OF BOOSTER SEATS USING ADULT 3-POINT BELTS
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Table F TEST RESULTS OF ADULT 3-POINT BELTS WITH GUIDING STRAPS






