
Integrated Approach for 
Seat Development of 
Child Restraint Systems
Children require a special protection in road traffic. But passenger cars usually accommo-
date a maximum human occupant height range of 150 to 200 cm. This 50 cm difference in 
height is leading to technical solutions such as seat height and fore/aft adjustments as well 
as mechanisms for adapting seat belt geometry, which do not apply however to the group of 
the children. Takata presents an integrated approach to develop children seats – correctly 
termed child restraint systems – optimally.

Child safety system Takata 14-neo, 
award for contemporary design by 
Museum of Modern Art, New York, 
USA, 2005
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Figure 1: Auto-lock belt guidance Takata 312-neo – belt guidance, which is easy for the user 
to recognize, and automatic belt threading

1  Introduction

The child passenger as part of a mobile 
society deserves special attention when 
addressing passive passenger vehicle 
safety [1]. Passenger vehicles usually ac-
commodate a maximum human occu-
pant height range of 150 to 200 cm. This 
50 cm difference in height is leading to 
technical solutions such as seat height 
and fore/aft adjustments as well as mech-
anisms for adapting seat belt geometry. 
A child’s body from 0 to12 years old, how-
ever, measures between 50 and 150 cm. 
This growth in height is considerable 
and demands significant enhancements 
in passenger vehicle seating and seat belt 
geometry adaptability. These enhance-
ments are available as integrated child 
seat systems in some vehicles, although 
these systems generally presume a mini-
mum height of 80 cm.

Additional distinctive features in a 
child’s body make compatibility between 
child and passenger safety even more dif-
ficult. For example, a child’s head is dis-
proportionately heavy compared with an 
adult’s. Whereas an adult’s head weighs 
about 7 % of total body weight, the head 
of a one-year-old child takes up 25 %. In 
addition, up to the age of twelve, a child’s 
spinal column is composed of cartilagi-
nous connections between each vertebral 
element and arch. This leads to reduced 
stability in the backbone and reduced 
protection of the spinal cord. In the ab-
sence of defined neck musculature and 
tendons, the cervical vertebrae are espe-
cially at risk should any crash forces be 
applied [2].

Along with this cervical vertebrae sen-
sitivity, the abdominal region (area of 
the trunk between thorax and basin) 
should be viewed separate from adult 
safety considerations for two reasons. 
First, the form of a child’s pelvic ilium 
bone is not yet fully developed and is still 
soft because pelvic ossification has not 
yet occurred. In adults, however, conven-
tional passenger vehicle seat belts utilise 
the crest shape of the ilium, since it 
forms a natural guide, thus protecting 
the pelvic area well in the event of an ac-
cident. This missing guide and the soft 
bones in children’s bodies often lead to 
severe internal abdominal injuries. Sec-
ond, since the costal arch in children re-
mains undeveloped until four years old, 

risk of injury to the upper abdominal 
area is increased by using conventional 
three-point seat belts. This means that, 
for the most part, the ribs do not protect 
the liver, which can be easily injured in 
an accident.

Along with the purely physiological 
characteristics of a child’s body, a child’s 
behaviour in a passenger vehicle cannot 
be ignored. Tests have shown that approx-
imately 75 – 90 % of all children sleep 
when riding in passenger vehicles [3]. The 
associated muscle relaxation often leads 
to the torso bending sideways and at the 
same time either rolling out of the asym-
metrical three-point seat belt or the seat 
belt cuts across the throat. Both shoulder 
belt positions should be avoided as they 
can cause severe injuries.

To sum up, it shall be established that 
typical passenger vehicle interiors as well 
as their occupant safety systems are only 
partially capable of protecting children 
in a crash. For this reason, in 1993, law-
makers in Germany established the 
“Straßenverkehrsordnung §21 Abs. 1a 
StVO” (Road Traffic Act, paragraph 21 
section 1a) in 1993, which enforces the 
use of additional, officially approved 

equipment to protect children up to 
their twelfth birthday or to a height of 
150 cm. These safety devices are colloqui-
ally called child seats, but should be cor-
rectly termed child safety systems (CSS) 
or child restraint systems (CRS).

2  Safety

The primary role of a CRS is to protect in 
case of an accident. A CRS is evaluated for 
its performance in frontal, side, rollover 
and rear impact situations and offers so-
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lutions such as the 5-point belt system, 
Isofix, seat belt clamps and pre-tension as-
semblies, energy-absorbing crash ele-
ments and special synthetic materials, 
which can also absorb higher energy im-
pacts. The goal of these technical meas-
ures is to allow the child and CRS to share 
in crash deceleration, keeping a protec-
tive, rigid shell around the child and hold-
ing the child within this shell. The kine-
matics of a child’s body and the seat are 
finely tuned in order to subject the child’s 
body to as little loads as possible [4].

Due to legislation and consumer pro-
tection organizations, the passive safety 
in CRS is constantly improving, and is 
currently at an all-time high. As a result, 
the number of children dying while oc-
cupying passenger vehicles has been 

steadily decreasing since 2000. In Eu-
rope, the risk of a child being fatally in-
jured is one-fifth that of the average risk 
to all passengers [5]. Further optimiza-
tion is possible and desired, but when 
considering the following topics, it 
should be conducted with due caution.

3  Operability

The user has to carry out three tasks cor-
rectly in order to utilize the passive safe-
ty performance of a good CRS:
– Secure the CRS in the vehicle
– Adjust the size of the CRS
– Secure the child in the CRS.
Often these tasks are difficult to accom-
plish, so that the rate of CRS misuse is 

very high. This misuse can lead to severe 
injuries because of a crash [6].

When securing the CRS in the vehi-
cle, the user is confronted with CRS that 
are usually used with the vehicle’s three-
point seat belt. Good CRS are designed 
so that the belt-guiding elements are 
conspicuous, intuitive, safe and easy to 
use. Figure 1 shows a new, patented by 
Takata belt guidance system at the Child 
safety system Takata 312-neo, which is 
easy for the user to recognize and access 
from all angles, and which allows for al-
most automatic belt threading. In addi-
tion, the mechanism closes by spring 
pre-tensioning so that the seat belt can-
not slip out of the belt guidance under 
any circumstances.

All adjustment mechanisms used for 
adapting the size of the CRS to the child’s 
physical dimensions should be easy to 
identify, accessible and intuitively usable 
in their implementation. Multiple sepa-
rate adjustment options should be avoid-
ed. Figure 2 shows a display centrally lo-
cated on the CRS with a scale to help ad-
just its size correctly, and shows the cor-
responding child height. This gives the 
user one adjustment option and provides 
immediate help in managing it. The baby 
seat for infants up to about 15 months fea-
tures a single operation which shows a 
size display for adjusting not only the cor-
rect shoulder belt height on the five-point 
belt but also the shape of the back rest. In 
another product version for children 
three to twelve years old, the size display 
helps the user adapt the correct position 
of the shoulder belt guide, the height of 
the head support, and the width of the 
backrest in just one operation, Figure 4.

Figure 3: Seat pressure distribution of a six-year-old child (from left: in a car seat, in a CRS with padded cover, in a Takata CRS with comfort foam cover)

Figure 2: Display of the 
 baby size (maximum 82 cm) 
in the „Bugaboo car seat 
developed by Takata“
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4  Comfort

CRS are often mistakenly considered as 
purely passive safety equipment for pas-
senger vehicles. These generally estab-
lished evaluations often neglect daily 
seat comfort, which is a prerequisite for 
the child to always and consistently be 
transported in a CRS, and for him to re-
main seated in the CRS even on longer 
journeys.

Figure 3 shows test results using pres-
sure sensitive measuring film to deter-
mine localized pressure distribution 
from a child’s bottom. The sequence of 
images (from left to right) shows the 
pressure distribution of a six-year-old’s 
bottom on a passenger vehicle seat, on a 
CRS with simple, thin padding (t = 5 – 
10 mm), and on a CRS with comfort foam 
(t = 20 – 25 mm). The passenger vehicle 
seat is too deep, does not allow the child’s 
thigh to rest on it, so that pressure is con-
centrated in the area of the buttocks and 
is therefore excessive. Simply adapting a 
shortened CRS geometry with padded 
covering provides noticeably more uni-
form distribution at a low level. Opti-
mised cushioning by the Takata comfort 
foam (foam thickness and rigidity) dis-
tributes and reduces the pressure level 
even further and provides a significant 
increase in comfort.

The seating environment of a CRS can 
be designed using universal structures. 
The covering materials should be open-
pored, so that heat and body moisture 
from the child’s body can be wicked 
away. The selected lining material for the 
cover should ensure sufficient air vol-
ume behind the body. Thin padding, 
which can be completely compressed by 
the seated child, does not have the ability 
to wick away body moisture. In the ideal 
scenario, open-pored covering materials 
in sufficient thickness and stiffness 
should be used throughout, as well as an 
open shell design, which allows the satu-
rated air to dissipate.

5  Style and Additional Uses

The child’s altered position in society is 
leading to an increasing number of prod-
ucts that are lifestyle oriented. Today’s 
CRSs should not be regarded as merely 
functional, but also designed customer-
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friendly as an aesthetic object in shape, 
colour, texture and feel. The goal is to 
make the CRS seem child-friendly, mod-
ern, fashionable and match the vehicle 
interior. Rounded outer edges, uniform 
surfaces and smooth covers are funda-
mental design elements, Figure 4.

As a part of a society that is becoming 
increasingly mobile, the mobility of chil-
dren in relation to CRS needs to be ad-
dressed. New types of baby seats are com-
patible with strollers and together form 
what is called a Traveller System, Figure 5. 
A CRS product for children three to twelve 
years old is made in the appropriate size 

and is foldable, so that it can be tucked 
into a backpack and carried neatly and 
securely outside of the vehicle, Figure 6.

6  Conclusion

Single, predominant observations about 
CRS passive safety according to stand-
ardised crash tests often lead to prod-
ucts on the market that only meet lim-
ited everyday demands. The conse-
quence is that because CRSs often lack 
comfort and user-friendliness, they are 
used improperly or not at all. Both fac-

tors increase the risk child encounters 
in a passenger vehicle.

All aspects regarding passive safety, user 
and seating comfort therefore have to be 
considered in terms of a complete, bal-
anced package, and be designed with style, 
quality and cost in mind to be marketable. 
The innovative CRS product solutions 
shown here as examples point up the feasi-
bility of this claim and show that there is 
considerable room for improvement in the 
details when addressing the subject of 
child safety in the passenger vehicle.

References
[1] nett, R.: testverfahren zur Bewertung und ver-

besserung von Kinderschutzsystemen beim pkw-
Seitenaufprall. BASt-Bericht, heft f 43, Wirt-
schaftsverlag nW, Bergisch Gladbach, 2003

[2] Doll, U.; maurer-Burkhard, B.: Autokindersitze – 
Sicherheit für unsere Kinder. verlag hans huber, 
Bern, Schweiz, 1998

[3] langwieder, K.; Stadler, p.; hummel, th.; fasten-
meier, W.; finkbeiner, f.: verbesserung des Schut-
zes von Kindern in pkw. BASt-Bericht, heft m73, 
Wirtschaftsverlag nW, Bergisch Gladbach, 1997

[4] Kramer, f.: passive Sicherheit von Kraftfahrzeugen. AtZ/
mtZ-fachbuch, vieweg-verlag, Wiesbaden, 1998

[5] Walter, l.: how Safe are Children in Cars on euro-
pean Roads? In: proceedings of protection of Chil-
dren in Cars, Conference, munich, Germany, 2007

[6] lesire, ph.; Cuny, S.; Alonzo, f.; tejera, G.: misuse 
of CRS in Crash Situations: Danger and possible 
Consequences. In: proceedings of AAAm-Confer-
ence, melbourne, Australia, 2007

Figure 6: Foldable 
Takata 312-neo 
for neat and 
 secure carriage

Figure 4: Takata 
312-neo – life-
style oriented, 
but also safe

Figure 5: Multifunc-
tional stroller frame 
with baby seat resting 
on to top, „Bugaboo 
car seat developed by 
Takata“
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The colour orange stands for creativity and dynamic energy. And 
because there is hardly any other sector in which development is as 
active and dynamic as automotive electronics, there is now a specialist 
e-magazine in orange: ATZelektronik.

ATZelektronik reviews the latest trends and developments in 
electronics and software across the global automotive industry 6 
times per year. On an academic level. With a unique profoundness of 
information.

Find out everything you need to know about the latest developments, 
methods and electronic components. Read how future driver-
assistance systems will change our mobile society. Monitor the 
progress of on-board electrical systems and energy management. 
ATZelektronik is an essential source of information on these and 
many other industry topics.

Furthermore, as a subscriber to ATZelektronik, you will benefi t from 
our online archive of articles; an indispensable research tool that 
offers free downloads of the articles. Want to stay ahead of the pack? 
Order your free electronic sample edition today at www.ATZonline.com.
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electronics was orange ...
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