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ABSTRACT

Even though child restraint systems (CRS) are very
effective there are still serious problems because of
non-use or misuse. This is often due to the fact that
the installation of the CRS in the cars is difficult,
complicated and unstable. A standardised interface
between the CRS and the car seat would solve these
problems. Within the ISO Committee
ISO/TC22/SC12/WG1 this item has been raised and
several proposals for an "ISOFIX" have been
discussed. Apart from the installation aspects, other
features e.g. disconnection of passenger airbags can
be included in the system. Several concepts called
lSOFIX type 1 to 7 with different working names e.g.
DELTAFIX, EASY-FIX, MONOFIX and UNIFIX have
been evaluated. The handling performance of some
of the prototypes have been tested by customer
evaluation with very positive results. Crash
performance has also been investigated.
The paper will give an update on the latest progress
of this development, including a preliminary
specification.

INTRODUCTION

The history of child restraints in cars can be divided
in four generations. The first generation, from 1900
to 1960, was unregulated and generally unsafe but
often easy to use. From 1960 to 1980 there were
some national regulations and tests and the
restraints became safer but in many cases very
difficult to use correctly.
The third generation started in 1980 when the
European Regulation no. 44 became effective. A
similar development can be seen in the USA and in
Australia. The regulations of the eighties controlled
the safety performance as well as several handling
characteristics e.g. simplified buckles and better
instructions for use. The main problem today is not
the safety performance of correctly used products
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but rather the non-use and the misuse of the
systems. This is partly due to the fact that the car
environment has changed. Adult retractor belts are
used instead of static belts to restrain the systems
which leads to more unstable installations. A more
sophisticated car interior where the design of seats,
seat belts and other structures are optimised for
adult occupants will increasingly induce problems for
the attachement of child restraints in the
conventional way. Cars are becoming smaller which
will give problems with the available space for the
CRS and the excursion of the child. Passenger
airbags are quickly becoming more common which
introduces a serious risk to children in some
restraints installed the front seats of cars.
In order to overcome most of the problems
mentioned it is now time to introduce the fourth
generation of CRSs. These systems would be more
integrated into the design of the car, which would to
a greater extent involve the car manufacturers in the
design process. As an example of a similar problem
it can be mentioned that in the field of car radio and
stereo systems a standardisation of the interface has
solved most of the problems.

In 1990 a group of people in Sweden started to look
at different possibilities to solve the problems. The
first prototype of an ISOFIX system was presented to
the ISO Working Group on Child Restraint Systems
(ISO/ TC 22/SC 12NVG 1) in 1991 and since then
the development has been closely connected to the
work of this ISO-group /1/.

DESIGN FEATURES

The ISO-group have made the following list of the
features to be included in an ISOFIX system:

Essential features:

1. OK for adult use of seating location without
impairment of safety and comfort.



2. Minimise misuse potential.
3. Confirmation of engaged attachment. E.g. by

acoustic "click" and/or tactile function (I.e. you
sense that attachment is engaged). Optical
indications may also be used.

4. Low risk of partially engaged attachment, i.e.

that not all attachments are engaged or that
one attachment is engaged without being so.
(Design or warning signal).

5. Suitable for all seating positions except the
drivers seat.

6. Usable on "folding" seats.
7. Suitable for all groups of CRS.
8. Standardised attachment and release method.
9 No additional injury risk to any occupant in

impacts.
10. Prevention of accidental release.
11. Easy to use, only minimal instructions

necessary.
12. Has to meet present safety requirements for

CRS at least.
13. Independent of passenger seat cushion design

and stiffness. Function at impacts only
depending on ISOFIX parts. Seat cushion may
be used to reduce slack during normal driving.

14. No negative effect on "carrying comfort", i.e.
when lifting in and out of car and carrying to
and from car.

Highly Desirable Features:

1. Simple to use, Low cost, Cost effective. ln
particular the parts to be mounted in the car
shall be as inexpensive as possible.

2. Improve CRS stability under general driving
conditions.

3. Improve dynamic performance.
4. Minimise mass and strength requirement.
5. Attachment parts in car shall be fixed, not

foldable.
6. Allow for use in combination with airbag without

increased risk. Possibilities to limit the front
passenger seat to be use only in a fixed, rear,
location. Design of attachment shall admit
mounting of contact switch for indication of
engaged or not engaged attachment, possibility
also for switch-off of passenger airbag.

7. Has to meet future requirements on side and
rollover impacts.

8. Acceptable comfort for the child. Vibrations?
9. For an ISOFIX CRS to be used in a non-

ISOFIX seating location.
10. lt shall be possible to release the ISOFIX after

a crash test.

Nice features:

1. Potential use in other vehicles (mini buses and
for disabled restraints) and in other locations
e.g. the rear of estate cars.

2. Possibility to install in existing cars.
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PROPOSED DESIGNS

 
Fig. 1, ISOFIX Type 1

The first prototype (Fig. 1) was a two-point system
with folding attachment pins connected to the CRS
by simple air-hose couplings. Several installations
were made by VOLVO, SAAB and FOLKSAM in
different cars. These prototypes were presented to
the ISO-group and also to the ECE regulatory group
GRSP in 1991. The response was very positive and
several other groups started to develop alternative
systems.

 

Fig. 2, isole Type 2 (DELTAFIX 3-point)

The three-point DELTAFIX system (Fig. 2) was
presented by AUTOLIV in 1991. It has two folding
brackets as rear points. The CRS is hinged into
these brackets and there is only one attachment
point in the front. This design will give a more stable



system and the forces are distributed better than in
the Type 1 system.

 
Fig. 3, ISOFIX Type 2.1 (DELTAFIX 2-point)

A version of the DELTAFIX (Fig. 3) uses only one
point at the rear. This is also quite stable provided
that the seat cushion of the car is stiff enough.

 
Fig. 4, ISOFIX Type 3 (UNIFIX)

The UNIFIX (Fig. 4) has been developed in the
United Kingdom in a joint effort by manufacturers
and research laboratories. It features two rear
anchorage points hidden between the seat cushion
and the seatback. These points are two short steel
bars with a diameter of 6 mm. l similar bar is
specified as a forward anchorage point. In the
prototypes presented so far the forward point has to
be folded up from somewhere in the front of the car
seat. All anchorage buckles attached to the child
seat rather than the car and are interconnected to a
single release button.
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Fig. 5, lSOFIX Type 4 (EASY-FIX)

The EASY FIX (Fig. 5) proposal by VOLVO in 1993
features a plate with a locking device that is inserted
between the seat back and the seat cushion. This
plate makes it very easy to find the correct position
since it is possible to guide the plate both vertically
and laterally in a good way. The system also uses a
forward anchoring point. An EASY-FIX Mark II with
two anchoring points on the plate is also considered.

 
Fig. 6 ISOFIX Type 5 (DELTAFIX Airbag)

The DELTAFIX Airbag system (Fig. 6) presented by
AUTOLIV and VOLVO is based on a very rigid steel
frame that is supposed to take care of the loads from
a deploying passenger airbag. lt features one rear
and two forward attachment points. It is not possible
to connect the CRS unless the passenger seat is the
most rean/vard position in order to create an optimum
distance between the CRS and the passenger airbag



module. This concept can also be used in some of
the other ISOFIX types.

 
Fig. 7 ISOFIX Type 6 (MONOFIX)

The MONOFIX (Fig. 7) concept was presented by
FOLKSAM in 1993. It has only one anchor point
located in front of the car seat. The seat is
depending on support from the dashboard or, in the
rear seat, from a separate support leg (not shown).
This system is only intended for rearward facing
CRS. This reflects the Swedish opinion that only
rearward facing systems shall be used for children
up to approx. 3 years and that children above that
age shall use the adult belts in combination with a
suitable booster. This concept is not yet generally
accepted by the ISO-group. It might however be
possible to use the forward anchoring point in
ISOFIX type 2,3,4,5 and 7 to achieve this MONOFIX

configuration.

The ISOFIX Type 7 (Fig. 8) reflects the currently
most favoured solution within the ISO-group. The
rear anchorage points are similar to the ones in the
UNIFIX and the fon/vard point is like the one used in

EASY-FIX.

CRASH PERFORMANCE

In addition to the great benefits to be obtained from
the universal use of an ISOFIX attachment, there is
the opportunity to provide enhanced crash
performance. As the child restraint is connected
rigidly to the vehicle structure, more efficient use can

be made of the "ridedown" provided by the vehicle
crush. In addition, the restraint performance will no
longer be affected by slack in the adult belt system.
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Fig. 8 ISOFIX Type 7

Sled tests have been performed in the United
Kingdom using an existing frame seat, adapted to a
simulated ISOFIX arrangement and subjected to a
frontal impact test using the ECE Reg. 44 test pulse
and a side impact test using the test pulse specified
in the New Zealand standard NZS 5411z1982 /2/.
The dynamic performance has been compared with
tests using the same child restraint model in its
conventional form using the same crash pulse but
mounted in a body shell by means of the adult 3-
point belts for the frontal impact and on the Reg. 44
test seat for the side impact. The results are shown
in Fig... 9. The anticipated improved performance
can be seen, both in terms of forward excursion and
chest acceleration.

 

 

 

 

 

 

 

 

 

Configuration Head Chest
Excursion Acceleration

FRONT IMPACT
Car model A 575 mm 71 9

Car model B 574 mm 62 g
Car model C 500 mm 60 g
ISOFIX 427mm 46 g
SIDE IMPACT

. R44 test seat, 560 mm 38 9
attached by adult
seatbeh
ISOFIX 491 mm 29 g     

Fig. 9 Comparison of performance of ISOFIX

simulation and conventional child restraint.



REGULATORY ASPECTS

When the final design of an ISOFIX system is
agreed within the ISO-group, an ISO Standard for
the system will be produced. It will be necessary to
amend existing national and international
Regulations in order to implement the ISOFIX
Standard. The approval procedure for the CRS is
probably quite straightforward. An ISOFIX anchorage
system can be installed on the existing test sleds
and the existing test can be used.
For approval of the vehicle, it may be sufficient for
the car manufacturer to state that the car complies
with the ISO Standard. Alternatively, for countries
where Type Approval is the usual procedure, the
ISOFIX anchorages could be approved in a manner
similar to the approval procedure for adult seat belt
anchorages.

CONSUMER TESTS

In order to find out the parent's reactions to the new
systems a special study was made in Sweden in
1992 /3/. 46 parents of small children, 23 men and
23 women, were faced with the task to install three
types of systems in VOLVO cars. Most of the
parents had used more than one child seat earlier
and for at least five years. The systems are
described in Fig. 10 12.

 
Fig. 10 Conventional installation

The conventional installation (Fig. 10) is the one
normally used in Swedish rean/vard facing child
seats. The lap part of the adult seatbelt is hooked to
the seat and two straps are connected to the seat
frame in the front of the front passenger seat.
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Fig. 11 ISOFIX Type 2 (DELTAFIX 3-point)

The second system was the DELTAFIX 3-point
system. (Fig. 11) The fold-out attachment brackets
were concealed when the test started.

 
Fig. 12 ISOFIX Type 1.1

The third system (Fig.12) in the test is similar to
ISOFIX Type 1 except for the conventional buckles
that replaces the air-hose couplings in the first
version. The fold-out anchorages in the seat were in
a not visible position when the test started.

The only instructions that were given to the parents
were the illustrations in Fig. 10-12 above and the
task was to install the systems in the cars. The
subjects were observed and video filmed during their
attempts to use the systems. They were also
interviewed and had to fill in a questionnaire.



INSTALLATION 
L- CONVENTIONAL DELTAFIX

 

ISOFIX 
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A summary of the results show that there were very
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No probleme Some heeitetion Help needed Feil Wrong inetell.

Fig. 13 Installation

few problems with the new systems. Fig. 13 shows
the results from the installation of the seats in the
front passenger seat of the VOLVO cars. Eighty-
seven per cent of the test group managed to mount
the DELTAFIX and ISOFIX correctly without having
any previous knowledge of the systems. It is
remarkable that 63% of the test group mounted the
conventional seat incorrectly or asked for help or did
not manage to mount the seat. (This does not mean
that 63% of the seats used today are incorrectly
mounted since most of the mistakes will result in
unstable installations that will not work in normal
traffic. This will of course imply that the users will find
out how to do it better but still a considerable misuse
will remain.)

REMOVAL
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The removal of the seats (Fig. 14) caused generally
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Fig. 14 Removal

very few problems.

Fig. 15-19 show the assessment of the parents
regarding different aspects of the systems. The
parents were also asked to rank the systems from
several aspects. In all cases the new systems came
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out better than the conventional system. The 2-point
ISOFIX was easier to handle but the 3-point
DELTAFIX was considered more stable and safer.

Did you find it easy to install the seat?
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Fig. 15 Easy to install?

Did you find it easy to remove the seat?
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Fig. 16 Easy to remove?

Did you find the seat stable or unstable?

- CONVENTIONAL DELTAFIX ISOFIX

%
100

75

50

25

 

\
\
\
\

\

   -\\\\
\
\
\
\

 

Very eteble Neither neble or uneteble Very uneteble
Rether eteble Rether uneteble

Fig. 17 Stable?



Did you find the installation safe?

. CONVENTIONAL DELTAFIX ISOFIX T

%

 

 

 100

80 """"': .................... ................... ..........

 

        Very eete Rather eefe Neither eefe or uneefe Roth-r uneefe Very unsafe

Fig. 18 safe?

How did you find the instruction?

- CONVENTIONAL :; DELTAFIX ISOFIX
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Fig. 19 Instructions?

Finally the parents were asked if they were willing to
change their present system to one of the new
systems ata certain cost. 89% wanted to change
and have the new system installed in their cars. The
majority of the parents (68%) were willing to pay 500-
700 SEK (Fig. 20) which is about 50% of the normal
price of a conventional seat in Sweden.
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How much extra would you pay for the new systems?

89% wanted to change
[. Percent of subjects]
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10 ........................................................

0
100 200 300 400 500 600 700-

SEK 600 SEK = 100 US$

Fig. 20 Additional cost for new system

FUTURE WORK

The next step for the ISO-group is to agree on a nal
speci cation for the ISOFIX. When that ISO
Standard is drafted the next step is to implement this
concept into national and international regulations on
CRS in cars. Several years will be needed for a
transition period but let us hope that the children of
the 21st century will be offered this system that
certainly will be of a great benefit for them and the
society.
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