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ABSTRACT 

Several field studies have shown that a large percentage of child restraint systems (CRS) are used 
incorrectly. This is not only due to the sometimes complex design of the child restraint system and/or 
the sometimes poor quality of the users instructions, but also due to interface problems between a child 
restraint system and a passenger car. The car rear bench, the nowadays standard available seat belts 
and the lower belt anchorage locations are not designed to accommodate child restraint systems. One 
specific problem in this respect is the fact that child restraint systems, approved according to ECE­
Regulation 44, are tested using a simulated car bench with symmetrical belt anchorage locations, while 
rear outboard seating positions in passenger cars often have asymmetrical belt anchorage locations. 
These different anchorage locations will influence the crash performance of the child restraint system 
in real accidents and will probably lead to a lass optimal effectiveness of the system. 

In  an attempt to address this issue, the TNO Crash-Safety Research Centre started a literature survey 
and an experimental research programme. The performance of a forward facing child restraint system 
with a hamess belt in standard ECE-R.44 dynamic sied tests has been compared with the performance 
in sied tests using a real car rear bench with symmetrical, as well as asymmetrical lower belt anchorage 
locations. Several test parameters have been varied and their influence has been analyzed in terms 
of dummy head displacement and head accelerations and ehest accelerations. The effect of the belt 
anchorage location on the restraint effectiveness (Ride-Down-Effect) of the child restraint system has 
been studied. 

A summary of the literature survey will be presented. Among other results, it will be shown that the 
dummy head displacement, in this most frequently used child restraint system, is increased by 50 
percent if asymmetrical belt anchorage locations are used rather than symmetrical locations. This 
makes head contact with the car interior very likely in a real car crash. Therefore it is recommended, 
that regulations with respect to child restraint system are compatible with regulations concerning car 
seats and belts. 

INTRODUCTION 

The safety of children in passenger cars is an important area in the field of passive safety. Parents, 
product designers, legislators and researchers have a special duty to this vulnerable group of road 
users, since young children are not able to make judgements about safety themselves. Severe injuries 
not only have implications for children and their families in the longer term, but they also place a 
considerable burden on society. 

The first European legislation on child restraints, ECE-Regulation 44, came into force on February 2, 
1 981 [1). lt contained requirements with respect to the safety as well as other properties, such as ease 
of use and durability. Since then ECE-R.44 was amended several times and currently it contains a large 
number of requirements. Stimulated and guided by this regulation and by consumers tests, 
manufacturers of child restraint systems succeeded in reaching higher safety levels. Studies have 
shown that the use of child restraint systems reduces the risk of serious/fatal injuries by a factor seven 
[2]. Moreover, a large number of different designs became available, tor babies or infants, for the front 
seats or rear seats, forward facing or rearward facing. All these types of design have their advantages 
and disadvantages. One specific problem for almost all types of design is the possibility to use the 
restraint system incorrectly. One reason for incorrect use is the fact that the seats and seat belts of 
passenger cars are not always designed to accommodate child restraint systems. Another reason is 
the development of combination child restraint systems that can be used in several configurations. 
These systems, with ECE-R.44 approval, seem to introduce specific misuse problems. 

In an attempt to address this issue, the TNO Crash-Safety Research Centre defined a research 
programme. The first phase of the programme focused especially on neck injuries sustained by young 
children in a frontal crash, when using forward f acing systems with harness belts. Comparisons with 
other types of child restraint systems were made and several test parameters, including misuse 
parameters. were varied. A summary of the results obtained in this part of the research programme is 
contained in ref. [3]. 
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The results of the first phase indicate that the influence of 'incorrect use' when using a forward facing 
child restraint systems with harness belts on the crash pertormance of child restraint systems should 
be turther investigated. Moreover, the influence of 'car interface· problems should be evaluated in detail, 
since these form a special group of problems. This led to the start of a second phase of the research 
programme with the aim: 

to analyze the influence of several 'misuse' and 'car intertace' parameters on the dummy loads by 
performing dynamic sied tests. 

Especially the most frequently used restraint systems for children between 9 months and 3 years of 
age, i.e. forward facing seats supported by a tube-frame, are studied in this research programme. 

A summary of the results, with respect to misuse and interface problems, obtained in this research 
programme is contained in the present paper. 

LITERATURE REVIEW 

lntroductlon 

As a precursor to the experimental research programme, a limited literature survey was carried out, 
which reviewed specific problems with respect to put the child in the child restraint system and to install 
the child restraint system in the car. A non-optimal or even incorrect fixation could increase the risk of 
injuries induced in the child during an accident. 

Child restraint systems are being developed and sold in Europa for three different categories: 

- universal CRS; 
- semi-universal CRS; 
- specific CRS. 

The last two categories are also called 'non-universal'. Universal child restraint system are systems that 
can be used in all passenger cars. Non-universal child restraint system can only be installed in certain 
types of passenger car. Most common are the universal systems and since 'misuse' and 'intertace' 
problems are typical for these systems, the literature survey has been focused particularly on universal 
child restraint system. 

Four child mass groups are included in ECE-R.44, with advised age limits: 

- Group O : 
- Group I : 
- Group II :  
- Group III: 

up to 1 0  kg; 
9 - 18 kg; 
15 - 25 kg; 
22 - 36 kg; 

( up to 9 months) 
(9 months - 3 years) 
(3 years - 6 years) 
(6 years - 1 O years) 

An incorrect use of a child restraint system is defined as: 

- misuse of the system by the parents due to the complex and/or poor design, or because they are 
not following the user's instructions and/or due to the poor quality of these instructions; 

- a non-optimal or even bad fit of the child restraint system due to interface problems between system 
and car. 

The difference between 'mlsuse' and 'Interface problems' is not always obvious, and in a certain way 
they are influencing each other. In the following sections both aspects will be addressed. This study 
is focusing especially on forward facing systems of Group 1 .  
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Fleld Studles 

Recently a field study has been conducted in the Netherlands aimed at investigating the type and 
frequency of misuse of child restraint system (4). lt was concluded that 70% of the systems are used 
incorrectly. 
The rearward facing baby seats scored best (an error score of 35%) and the seats with harness belts 
scored worst (an error score of 75%). The most frequently observed errors in this field study were: 

- too much slack in hamess belt (50% of CRS with harness belt); 
- location of the standard car belt buckle (33%); 
- too much slack in car seat belt (25%); 
- child too heavy or too light for used CRS (14% of CRS with labe/). 
- routing of the standard car belt (12%); 

By HUK-Verband, a questionnaire has been developed and sent to 61 1 O users of child restraint system 
('parents') who had reported to HUK. that they had problems "when choosing and buying" and "when 
installing and using" child restraint systems (5). HUK received usable information from 1 282 parents 
covering 1 903 child restraint systems, representing 37 different models. In about 67% of all cases the 
parents stated that they had problems with the use of the child restraint system. The causes for these 
problems were among others: 

- Lap belt always has to be readjusted 
- Shoulder belt runs across child's neck 
- Removing seat from car is troublesome 
- Buckles are difficult to open and close 
- Fastening belt slips out of guide 
- Fastening belts are too short 
- Seat never in straight position due to 

wheel arch 

18.6% 
18.2% 
15.0% 
13.2% 
12.4% 
8.5% 

6.3% 

Impact shield systems and 4-point harness belt systems in the ECE-R.44 Group 1 seem to cause a 
disproportional large number of problems in this study. The questionnaire was not specially developed 
to assess misuse of child restraint system, however the list of problems presented above indirectly 
indicates misuse of these systems. 

The effectiveness of a child restraint system during a car crash is considerably reduced if the system 
is used incorrectly. One study, recently conducted in the USA by Kahane (6), calculated the following 
effectiveness rates for child restraint system (with a top tether strap): 

- correct use: effectiveness of 71%; 
- partially incorrect use: effectiveness of 44%; 
- entirely incorrect use: no ettectiveness. 

So child restraint systems must be used correctly in accordance with user's instructions. However, even 
then a reduction in effectiveness is possible due to interface problems between a child restraint system 
and a passenger car. 

Compatlblllty Studles 

Several studies have shown that the location of the rear seat anchorage points in current passenger 
cars differ considerably from the ECE-R.44 anchorage points used for approval of the child restraint 
system. The inboard and outboard lower anchorage points in cars are located more forward (and 
higher) than the ECE-R.44 points (7, 8, 9]. The belt anchorage locations in a car are chosen to avoid 
submarining of adult occupants (7). However, this can result in too much slack when these anchorage 
points (and/or car belts) have to be used to restraint a child seat with a tube-frame. Furthermore ECE­
R.44 uses symmetrical anchorage points, while the outboard seating positions of the rear bench in cars 
often have an asymmetrical anchorage location. 
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The more forward position of the anchorage points and the fact that the longitudinal distance to the 
back of the front seat is less than the ECE-R.44 head displacement limit of 550 mm for most (French) 
cars [7], can result in impacts of the child head against the back of the front seat. In ref. [3) it is con­
cluded that the occurrence of severe neck injuries is often associated with head impacts. lmprovement 
of anchorage locations is considered very important to improve the pertormance of child restraint 
system [7, 8, 9), also with respect to the risk of severe neck injuries [ 1 0). 

A working group of the International Standardization Organisation has set-up a list of possible intertace 
problems (1 1) .  Among others, items mentioned in this list with respect to the � are: 

- location of belt anchorage points not suitable for CRS; 
- length of standard belt not suitable for CRS; 
- arrangement of belt buckle not optimal for CRS; 
- no adequate space, because car seat is too countered; 
- retracting force of belt too low; 
- height adjustment not provided; 
- motorized belt function can not be turned off; 
- interaction with and/or influence of airbag, belt tensioner, automatic roll-over bar. 

With respect to the child restraint system, the following problems are mentioned by ISO (1 1 ) :  

- can not be fastened with existing car belts; 
- special fastening straps required; 
- unusual belt routing; 
- child restraint system is 'oversized'; 
- no compliance to car seat; 
- no clear users instruction with respect to seating position, belt routing, etc. 

lt is obvious that intertace problems are more common for 'universal' child restraint system than for 
'specific' child restraint system, which are designed for one single car type. 

In the HUK study (5) mentioned in the previous section, the parents were asked whether they were 
satisfied with the possible ways of fastening the system in the car. This question was answered by 
39.3% with "no". Reasons given for the dissatisfaction were among others: 

- fastening inadequate 
- installing/removing awkward 
- additional material necessary 
- belt guide too complicated 
- belt position inconvenient 
- system not anchored firmly 
- existing belts unusable 
- anchorage points missing 

25.8% 
19.5% 
8.0% 
7. 7% 
5.4% 
5. 1% 
5. 1% 
4. 7% 

The individual systems differ significantly from another in this respect. The owners of 4-point harness 
belt child restraint system and of ECE-Group 1 impact shield child restraint system expressed a larger 
dissatisfaction. Only relatively few parents stated that the criterion for decision to purchase a child 
restraint system was the suitability to fit well in the car. 

RESEARCH ·PROGRAMME 

Test parameters 

lt is decided to pertorm a series of dynamic sied tests in which several mlsuse and car Interface 
parameters are varied. The following sections describe the child restraint system, the dummy, the 
anchorage locations, the test bench and the general test set-up. 
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Chlld restralnt system 

All tests are carried out with the same child restraint system, which is a universal forward facing seat 
equipped with a 4-point harness belt (without crotch strap), suitable for children with body weights of 
9 to 1 8  kg (i.e. ECE-R.44 Group 1). Both shoulder parts have a quick action-adjuster. Also the lap part 
has a quick action-adjuster, which is integrated in the buckle. 

Figure 1 :  Curve 7 ahowa the contact point area of the uaed 
harne„ ayatem on an accommodation fixture device (14). 

With regard to the manufacturer's instructions. the tube-framed child restraint system is fixed to the sied 
test bench conform ECE-R.44 specifications by a static 2-point belt (without buckle). This particular 
standard harness system is chosen because of the extreme low car belt contact point (area) for the 
2-point belt. (see Fig. 1 )  

Dummy measurements 

The TNO-P3/4 child dummy is selected for inclusion in this research programme. The dummy repre­
sents a child of 9 months old and is prescribed in ECE-R.44 (1).  The total body weight of the P3/4 
dummy is 9 kg and the standing height is 0.71 m. Head and ehest accelerations of the dummy are 
measured and also the dummy's horizontal head excursion is measured. 

Anchorage locatlons and test benches 

In the first and second test series, the standard ECE-R.44 test bench is used as well as the standard 
ECE-R.44 symmetrical anchorages. 

In the third and fourth test series, the ECE-R.44 test bench is replaced by Peugeot 205 GRD rear 
bench, which is mounted in the same position as in the real vehicle. The Peugeot 205 rear seat bench 
configuration is chosen in this research programme, because of the extreme location of the outboard 
anchorage. Figures 2 an 3 show that the anchorage positions are located asymmetrical; the outboard 
anchorage point is located rnore forward than the inboard anchorage point. Figure 2 also shows that 
the vertical height of the outboard anchorage position is located ca. 5 cm above the horizontal Cr-line 
of the rear seat bench. This outboard anchorage position makes it very complicated to correctly install 
a tube-framed child restraint system with a low car belt contact point (area). 

In the fifth test series the standard ECE-R.44 lower belt anchorage locations are replaced by positions 
more representative of modern European passenger cars. 
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These 'Proposed positions' (see Figures 2 and 3) are based on an IOCU study [ 12]. in which it is 
concluded that the outboard anchorage location should be placed 7 cm in front ot the vertical Cr-line 
and 8 cm below the horizontal Cr-line (see Figure 2). 
The inboard anchorage location should be placed on the vertical Cr-line and 1 O cm below the horizontal 
Cr-tine. lt can be seen also in the tigures 2 and 3, that both anchorage points are located more forward 
than the Standard ECE-R.44 locations. 
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Figure 2: The 'outboard' anchorage polnta 

Test set-up 
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Figura 3: The 'lnboard' anchorage points. 

The standard harness system included in this·programme is subjected to a series of frontal dynamic 
sied tests at 50 km/h. The sied tests are carried out in accordance with the specifications ot ECE 
Regulation 44 [1]. All tests are carried out in duplicate. The sied velocity and sied deceleration are 
recorded during the tests and high speed films are made to analyze the dummy kinematics. Parameter 
changes anc:l/or variations with respect to the standard ECE-R.44 test conditions are described below 
and summarized in Table 1 .  

Test Restraint 
series system 

Test 
bench 

Anchorage 
location 

First test series witb standard BCB-R. 4 4  test bencb 

Type 
belt 

l A  F'F'/4-point ECE-R . 4 4  ECE-R . 4 4  2 -p static 
lB F'F'/shield ECE-R . 4 4  ECE-R . 4 4  2 -p static 

Second test series wi tb standard BCB-R. 4 4  test bencb 
2 A  F'F'/4-point ECE-R . 4 4  ECE-R . 4 4  2 -p static 
2 B  F'F'/4 -point ECE-R . 4 4  ECE-R . 4 4  2 -p static 
2 C  F'F'/4-point ECE-R . 4 4  ECE-R . 4 4  2 -p static 

Test 
cond i t i on s  

normal position 
normal position 

sleeping pos1t 1on 
2 cm harness slack 
4 cm car belt slack 

Tbird test series witb Peugeuot 205 car bencb (left outboard ••ating position) 
3A F'F'/4 -point P .  2 0 S  P .  2 0 S  2-p static normal posit ion 
3B F'F'/4 -point P .  2 0 S  P .  2 0 S  2 -p static s l eeping position 
3C F'F'/4 -point P .  2 0 S  P .  2 0 S  2 -p static 2 cm harness slack 

Fourtb test series witb Peugeuot 205 car bencb (centr• seating position) 
4A F'F'/4-point P .  2 0 S  P .  2 0 S  2 -p static normal posit ion 
4B F'F'/4-point P .  2 0 S  P. 2 0 S  2 -p s t a t i c  sleeping posit ion 

Fiftb test series witb standard BCB-R . 44 test bencb 
SA F'F'/4-point ECE-R . 4 4  IOCU 
S B  F'F'/4-point ECE-R . 4 4  IOCU 
SC F'F'/4 -point ECE-R . 4 4  IOCU 

2 -p static 
2-p static 
automa t i c  

Table 1:  Summary of all dynamic test parameter changes and/or variations. 
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In the flrst serles with the standard ECE-R.44 bench, the 'standard harness system' is compared with 
an 'impact shield system'. 

In the second serles with the standard ECE-R.44 bench, three different test conditions are varied. The 
test conditions '2 cm extra harness slack' and '4 cm extra car belt slack' are chosen to evaluate the 
influence of these 'misuse parameters'on the crash pertormance of the standard harness system. The 
test condition 'sleeping position' is chosen to evaluate the influence of this 'interface problem' on the 
crash pertormance of the standard harness system. 

In the thlrd serles the dynamic crash tests are carried out with the standard hamess system f ixed to 
the left rear seat outboard position of the Peugeot 205 with asymmetrical anchorage positions. The test 
conditions are 'normal position', 'sleeping position' and '2 cm extra harness slack' in the child restraint 
system. 

In the fourth serles the dynamic crash tests are carried out with the Standard hamess system fixed 
to the rear centre position of the Peugeot 205 with symmetrical anchorage positions. The test conditions 
are 'normal position' and 'sleeping position'. 

In the flfth serles the dynamic crash tests are carried out with the standard harness system fixed to 
the standard ECE-R.44 test bench with the asymmetrical anchorage positions as proposed by the IOCU 
(12]. The test conditions are 'normal position' and 'sleeping position'. Additionally, the influence of a 
'standard 3-point automatic adult belt' on the crash pertormance of the child restraint system is 
analyzed in this configuration. 

TEST RESUL TS 

Rlde-Down-Effect 

The influence of the different lower belt anchorage positions on the crash performance of the child 
restraint system, is evaluated with the so-called Ride-Down-Ettect [13]. The child restraint system 
should decelerate the child smoothly by using the crash deformation path of the car. The Ride-Down­
Effect is calculated to asses the amount of the car deceleration shared by the child (see Annex). 

For comparison reasons all dummy results of the standard ECE-R.44 crash test (Mode 1 A) with 
symmetrical anchorage locations and the P3/4 dummy in the normal position are presented in this 
paper as 1 00%. Table 2 gives the (average) results and percentages of the (duplicated) dynamic tests 
carried out for all different modes (i.e. Standard, misuse and interface modes). Figure 4 shows a 
graphical presentation of the (average) percentages. 

Test RDE RDE Head Exc . Head Exc . Head Res . Head Res . ehes t  R e s . ehest Res . 
s e r i e s  ca l c .  perc . ca l c .  perc . cal c .  perc . c a l c .  perc . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -1A 54 100 416 100 55 100 33 100 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

18 S 7  1 0 6  3 4 0  8 2  87 1 S 8  4 2  127 

2A 4 6  8 S  4 O S  97 Sl 93 3 3  1 0 0  

2 8  S6 1 0 4  4 2 9  1 0 3  S 3  9 6  3 2  97 

2 e  3 8  7 0  4 4 1  1 0 6  S 8  lOS 3 1  94 

3A 1 1  2 0  6 2 S  l S O  8 0  1 4 S  6 0  182 

3 8  6 1 1  627 l S l  7 9  1 4 4  6 S  197 

3e l b  3 0  6 3 8  1 S 3  7 1  1 2 9  7 4  2 2 4  

4 A  3 5  6 S  4 1 7  1 0 0  7 8  1 4 2  S 6  1 7 0  

4 8  so 9 3  4 S 4  1 09 7 3  1 3 3  5 2  1 5 8  

SA 3 4  6 3  S 7 3  1 3 8  7 4  1 3 5  4 4  1 3 3  

S B  3 4  63 S S 2  1 3 3  6 1  1 1 1  4 1  1 2 4  

S C  2 4  4 4  4 7 2  1 1 3  62 1 1 3  3 9  1 1 8  

Table 2 :  Calculated results and percentages of all dynamic crash tests. 
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Figure 4: Graphical presentation of all dynamic crash tests. 

Standard Modes 

The different modes in which the chosen 
hamess system in normal posltlon is 
evaluated, are the standard ECE-R.44 
test bench with symmetrical anchorage 
locations (Mode 1 A), the Peugeot 205 
rear seat bench with asymmetrical an­
chorage locations on the outboard posi­
tion (Mode 3A), the Peugeot 205 rear 
seat bench with symmetrical anchorage 
locations on the centre position (Mode 
4A) and the standard ECE-R.44 test 
bench with asymmetrical anchorage 
locations as proposed by the IOCU 
(Mode SA). Figure 5 shows the four 
different installation modes compared 
with each other (Mode 1 A=1 00%). Addi­
tionally, the results of the impact shield 
system (Mode 1 B) are also shown. 
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Figure 5: Standard modes. 
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lt can be seen from tigure 5 that both different type of chlld restralnt systems have approximately 
the same RDE-percentage (Mode 1 A=1 00% and 1 B=1 06%). The horizontal head excursion of the P3/4 
dummy with the impact shield system is approximately 1 8% lower compared to the horizontal head 
excursion of the dummy in the standard harness system, while the resultant head acceleration as a 
result of the dummy's head-to-shield impact is approximately 58% higher. The resultant ehest 
acceleration of the dummy with the impact shield system is also approximately 27% higher. 

However, when the standard harness system is fixed in normal posltlon on the left outboard posltlon 
of the Peugeot 205 rear seat bench, the RDE-value decreases to 20% (Mode 3A). The influence ot 
this poor fixation due to the car asymmetrical anchorage locations is largest when the ehest acceler­
ations of the P3/4 dummy are considered, of which the resultant increases with 82%. Also the resultant 
head acceleration and horizontal head displacement increase in this configuration with ca. 45 - 50%. 

When the standard harness system is fixed in normal posltlon on the Peugeot 205 rear seat centre 
posltlon (Mode 4A), the ride-down-effect calculation gives a percentage lower than 1 00%, but it is 
better than the RDE-percentage with the system on the rear seat outboard position ot the Peugeot 205. 
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Probably beeause of a better fixation with the symmetrieal anehorage loeations in this configuration. the 
horizontal head displaeement of the P3/4 dummy is similar to the horizontal head displaeement in the 
standard ECE-R.44 test (Mode 1 A) and approximately 50% better than the horizontal head displaee­
ment of the dummy with the restraint on the rear seat outboard position (Mode 3A). However, the 
results for the resuttant head and ehest aeeeleration are respectively 42% and 70% worse eompared 
to the standard ECE-R.44 test and are roughly similar to the resutts with the restraint on the rear seat 
outboard position. 

lf the standard harness system is fixed in nonnal posltlon on the standard ECE-R.44 test bench wlth 
the asymmetrlcal anchorage locatlons as proposed by the IOCU . the ride-down-effeet deereases 
to 63% (Mode SA). The resutts of this eonfiguration have rnore or less average values between the 
results of the standard ECE-R.44 dynamie test (Mode 1 A) and the dynamie test with the standard 
hamess system fixed on the outboard position of the Peugeot 205 rear seat beneh (Mode 3A). 

lf the resuttant head and ehest aeeelerations are analyzed aeeording to the general injury eriteria for 
ehildren using a ehild restraint system (i.e. max. head exeursion of 550 mm; max. head resultant of 80g 
and max. ehest resultant of 55g), the warst values are measured with the hamess system fixed on the 
outboard position of the Peugeot 205 rear seat beneh. The maximum horizontal head exeursion 
reaehes a mean value of 625 mm. while the resuttant ehest aeceleration reaehes a level of 60g. 

Mlsuse Modes 

In figure 6 the ride-down-effeets and the 
dummy results of two misuse rnodes, 
whieh in field studies are often observed, 
are illustrated. These two misuse modes 
are respectively too much slack In the 
car seat belt and too much slack In 
the 4-polnt harness belt of the 
restralnt. The dummy results of both 
modes are compared with the results of 
the dummy in the standard ECE-R.44 
test (Mode 1 A=100%). 
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When the P3/4 dummy under similar ECE-R.44 test conditions is put in the standard harness system 
with too much slack In the harness belt (Mode 28; RDE=1 04%), the influenee on the horizontal head 
exeursion and the resuttant head and ehest aeeelerations are limited when compared to the same 
results of the standard ECE-R.44 test (Mode 1 A). lntrodueing '2 cm extra slack in the harness belt' 
seems to have a marginal effect on the dummy responses. The dummy is deeelerated by the standard 
hamess system when the slack in the harness belt has been taken up at a time t, (see Appendix) whieh 
is somewhat longer than the time t, in the standard ECE-R.44 test This results in a ride-down-effeet 
whieh exeeeds the 1 00%. 

The worst misuse mode is observed when the standard harness system is fixed 'on the outboard 
position of the Peugeot 205 rear seat bench and the dummy put in the system with 2 cm extra slack 
in the harness belt' (Mode 3C). The poor fixation of the standard harness system in this configuration 
results in a ride-down-effeet of only 30%. Due to a eertain combination of extra slaek in the harness 
belt and a poor fixation of the standard harness system, the resultant ehest aeeeleration of the dummy 
inereases to approximately 224% and the horizont�I head excursion of the dummy reaehes the value 
of 638 mm whieh is the highest value measured during the eomplete testprogramme. 
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Figure 6 shows that under similar ECE-R.44 test conditions, too much slack In the 2-polnt car seat 
beft (Mode 2C) has less negative influence on the dynamic crash performance of the standard harness 
system (RDE=70%) than when the same system (without lock-off devices) is fixed to the test bench 
using a 3-polnt lnertla reel beft (Mode SC; RDE=44%). The dummy results when the system is fixed 
with '4 cm extra slack in the 2-point static car seat belt' are approximately 1 0% better than when a '3-
point adult belt' is used to fix the standard hamess system. 

Interface Modes 

Figure 7 i llustrates the ride-down-effects 
and the dummy results when the stan­
dard harness system is fixed to the test 
bench in a sleeplng posltlon. The influ­
ence of the standard harness system in 
a reclined position on the crash perform­
ance of the child restraint system is 
compared to a similar configuration on 
different benches (i.e. ECE-R.44 and 
Peugeot 20S). The results in terms of 
horizontal head excursion. resultant head 
and ehest accelerations are compared 
with the standard ECE-R.44 test (Mode 
1 A; RDE=100%) 
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Figure 7 shows that this 'Interface problem' does not have much influence on the ride-down-ettect 
when the standard harness system in a reclined position is fixed to the sied bench conform the ECE­
R.44 test specifications (Mode 2A). However. 'when the standard harness system in a reclined position 
is fixed to the outboard position of the Peugeot 205 rear seat bench', 
the worst ride-down-effect (Mode 3B; RDE= 1 1  %) is calculated. All dummy responses increase strongly, 
as a result of the poor fixation with asymmetrical anchorage locations. 
Compared to the standard ECE-R.44 test results, the resultant ehest acceleration increases from 1 00% 
to 1 97% and the resultant head acceleration from 1 00% to 144% and the head excursion from 1 00% 
to 1S1%. 

The absolute value for the resultant head acceleration is 79g and for the resultant ehest acceleration 
6Sg. The measured horizontal head excursion exceeds the ECE-R.44 criteria with an average value 
of 77 mm. 

The configurations with the standard harness system in a reclined position fixed to the centre position 
of the Peugeot 20S rear seat bench (Mode 4B) and with the asymmetrical anchorage locations as pro­
posed by the IOCU (Mode SB), do not have such extreme effects on the dummy responses as when 
the standard harness system in a reclined position is fixed to the outboard position of the Peugeot 20S 
rear seat bench (Mode 3B). The results of 'Mode SB' have more or less average values between the 
results of 'Mode 1 A' and 'Mode 3B'. 

DISCUSSION AND CONCLUSIONS 

From figure S (Standard modes) it can be concluded that under similar ECE/R.44 test conditions 
fastening different types of child restraint systems has no important influence on the calculated ride­
down-effect. 

Figures 6 and 7 show similar trends: Most parameters and/or variations do not have important 
influences on the crash performance of the used harness system when the standard ECE-R.44 test 
conditions are considerd. 
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The most important criterion tor putting the child in the restraint system, as well as tor tastening the 
restraint system itself, seems to be the amount ot slack. The amount of slack results in too much 
(horizontal) head excursion of the child, which could lead to severe head contact of the child with the 
interior of the car during an accident. The inadequate fixation ot the child restraint system results in a 
(much) lower ride-down-ettect and at the same time higher resultant head and ehest accelerations. 

Analysing the series of dynamic tests presented in this paper, the used standard harness system and 
the used 3-point adult belt configuration in the rear of the Peugeot 205 are both very extreme. In tact 
the worst 'incorrect use' contigurations are studied in this research programme. 

The anchorages in the rear outboard seating position of the Peugeot 205 are very unsuitable tor 
fastening a tube-framed child restraint. The outboard anchorage point is placed extreme torwards and 
above the Cr-lines (Figures 3). In combination with a low contact point (area) tor the car belt, the 
fixation ot the tube-tramed harness system results in a most inadequate installation. In other words the 
attachment point (area) ot the car belt, passing over the tubes and inboard the trame ot the child 
restraint system, is in front of the Cr-point. 

The warst dynamic test results are established with the standard harness system on the outboard 
position ot the Peugeot 205 rear seat bench. In this contiguration the amount ot slack is largest due 
to the poor tixation with the asymmetrical anchorage locations and the risk ot injury is expected to be 
the largest when the used child restraint system is placed in the reclined position. lt appears that the 
sleeping position of the child restraint system has a very negative effect on its crash pertormance, when 
at the same time the child restraint system can't be adequately installed as a results of the torward 
positions of anchorages, especially the outboard anchorage position. 

In this research programme the dynamic tests carried out with the asymmetrical anchorage points as 
proposed by the IOCU, show intermediate values of the dummy results between the results ot the 
standard ECE-R.44 and the Peugeot 205 tests when the used harness system is fixed with a standard 
2-point static belt. 
Additionally, when the harness system is fixed to the ECE-R.44 test bench using an inertia reel belt. 
the dummy results are worse compared to the standard ECE/R.44 test results and the test results of 
the configuration with 4 cm extra slack in the car belt. 
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ANNEX 

Ride-Down-Effect 

The restraint system should decelerate the occupant smoothly by using the crash deformation path of 
the sied. The so-called Ride-Down-Effect (RDE) is calculated to assess the amount of the sied 
deceleration shared by the child. (see ref. [13)): 

Sv=maximum outer deformation path of sied 
S,=deformation path of sied up to the time t, at which the restraint system comes into effect 

To determine the Ride-Down-Effect. the resulting thorax deceleration is required, as weil as the time 
function of the sied deformation path which can be determined by double integration of the sied 
deceleration (see figure below). To determine the time t,, at which the system comes into effect and 
the slack in the car belt has been taken up, a straight line is placed on the rising curve of the resulting 
thorax acceleration. The line connects the points on the curve representing 25% and 75% of the (first) 
peak acceleration (see figure 8). The intersection of the line with the time axis marks the point in time 
t, from which the restraint system is assumed to take ettect. At this time, the sied has already passed 
through a defonnation path S,. This path substracted from the maximum dynamic deformation path and 
thus describes the percentage of the car deceleration shared by the child. According to this calculation 
RDE=1 00% means that the child is decelerated immediately, without belt slack etcetra. while RDE=0% 
indicates that the child is not decelerated until the maximum dynamic sied deformation path has been 
reached. 
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Figure 8: Resultant thorax acceleration verau. time ahowing the deflnition of t, and the car di9placement veraua time 
ahowing the definition S, and S.· 
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