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Abstract
For about 20 years rearward facing child seats have

been used in Sweden for children up to the age of 3

years. These seats are usually mounted in the front seat

passenger position leaning against the dashboard. The

protection performance has been shown to be excellent

(90-95% injury reduction) and this concept is now being

adopted in other countries. A passenger air bag can

obviously be dangerous in combination with this type of

child seats and some dynamic tests have been done with

different combinations. These tests show that the dummy

accelerations will reach very high levels and that some

child seats will disintegrate. This paper will present these

results and discuss possible countermeasures. The new
requirements for roadside safety features that are now

being developed in Europe and the USA are based on the
assumption that passengers are not using seatbelts. These

requirements will encourage the development of systems

with a low g-level at the beginning of the collision in
order to let the unbelted occupants hit the dashboard

with a low impact speed. During this phase the air bag

will probably not deploy. When the passenger is in

contact with the instrument panel the g-levels will be

allowed to increase and the air bag will deploy. This is

obviously a dangerous situation. This paper will discuss

the present state of these requirements and the problems

with air bag use in these situations.

Introduction
Air bags are now being introduced on a large scale,

especially in the USA. The European market is a couple

of years behind, but air bags are already offered in some

cars. In order to work properly the air bag must be fully
in ated within 50 ms after sensing a severe crash pulse.

In order to do that a significant amount of emergency

has to be released in a short time. If a car occupant or

any other object is obstructing the path of the air bag

during inflation, a dangerous situation might occur.

The problem with Out-of position car occupants has

been studied before [1,2,3] and is at present discussed in

the ISO working group ISO TC 22/SC 10/WG 3. Several

research projects are also in progress, especially within

the industry.

This paper will deal with the problem of rearward

facing child restraints in combination with passenger air

bags. During the last two years, an SAE Task Force,

Child Restraint Air Bag Interaction CRABI, has devel-

oped test procedures and suitable dummies on this

subject. These dummies are now being evaluated and it

can be expected that it will take at least another year

before those test procedures will be incorporated in any

legislation.

The potential risk of corn'binin g air bags with rearward

facing child seats was first reported in 1976. [4] Since

then this has been a special concern of the Swedish re-

searchers in child safety. The only type of child restraint

used by Swedish toddlers aged 1-3 is the rearward facing

seat supported by the dashboard. [5] This concept is now

being considered also in other European countries since

a number of serious neck injuries have been found in

forward facing child seats. The other type of rearward

facing child seats is the infant carrier, which is used

worldwide. This system is not dependent on the dash-
board as a support, but a front passenger seat installation

is often preferred because of the good possibilities of

supervising the child.

The introduction of passenger air bags in cars in

Sweden and the possibility of obtaining currently repre-

sentative air bags for testing, was the initial impetus for

this project.

The second part of this paper deals with the risk of

out-of position passengers in collisions with roadside

safety devices. At the moment the US test procedures are

being revised and a European standard is being devel-

oped. In both cases the question of the. air bags has not

been considered.

Dynamic Tests
Test Procedures

The dynamic frontal crash test procedure according to

ECE-Regulation 44 [6] was used. The air bags, supplied

by AUTOLIV AB, as used in all tests were of a type that

is expected to come into use in a couple of years. Air

bag volume was approximately 150 1 and the triggering
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time was set to 15 ms after impact. In the first 3 tests the

air bags were installed at the instrument panel position

on the Reg. 44 test rig in a mid-mount configuration

with a 5° upward orientation of the blow-up direction. In
the last test the air bag was installed in a top-mount

configuration with a blow-up direction of 60° to the
horizontal.

Head acceleration was recorded in addition to the

required measurements in Reg. 44. The typical values

given below indicate results from earlier tests without air
bags.

Results

Test #: B959

Date: 900606-2
Air bag position: Mid-mount 5° upwards.
CRS used: Akta Loveseat, Hard shell infant carrier for
group 0, approval no. E5 02006. This device is repre-
sentative of most of the current infant carriers. When

installed, the distance to the dashboard is approx. 30 cm.

Dummy: TNO P3/4 9 kg

Impact speed: 50,0 km/h

Stopping distance: 650 mm

Observations from highspeed film: The CRS is hit by the

AB and assumes a vertical position.
Dummy acceleration data:
Chest resultant/3 ms: 38 g (Typical <50 g)

Head resultant/3 ms: 121 g (Typical <50 g)

Comments: Although there is no direct contact with the
air bag in the beginning of the deployment the membrane

force of the in ating bag is enough to produce high head

acceleration in the dummy.

Test #: B956
Date: 900601-1 .

Air bag position: Mid-mount 5° upwards.
CRS used: Folksam Mini, Hard shell rearward facing
CRS for group 0+1, approval no. ES 02051. This seat is

representative of the hard shell seats available on the

Swedish market.

Dummy: TNO P3 15 kg
Impact speed: 50,3 km/h
Stopping distance: 660 mm
Observations from highspeed film: The CRS is pushed

away from the AB approx. 10 cm. The AB then goes

downwards. There is no damage to the CRS.

Dummy acceleration data:

Chest resultant/3 ms: 131 g (Typical <50 g)

Head resultant/3 ms: 79 g (Typical <40 g)

Comments: In this, and the following cases, the punch

out force of the air bag acts directly on the child seat.

Even if this seat is intact after the test the accelerations

in the dummy are quite high.

Test #: B957
Date: 900605-1
Air bag position: Mid-mount 5° upwards.
CRS used: Akta Duo + Baby, EPS-shell rearward facing
CRS for group 0+1 approval no. ES 02022. This type of
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EPS-shell seats have been popular in Sweden for a

couple of years.

Dummy: TNO P3 15 kg

Impact speed: 50.1 km/h

Stopping distance: 665 mm

Observations from highspeed film: The seatback of the
CRS is completely destroyed when hit by the AB.

Dummy acceleration data:

Chest resultant/3 ms: 126 g (Typical <50 g)

Head resultant/3 ms: 78 g (Typical <40 g)

Comments: The high accelerations and the complete

collapse of the CRS indicate a high injury risk for the

child. The child is also unprotected in any secondary

collision.

Test #: B960
Date: 900607-1
Air bag position: Top mount 60° upwards

CRS used: Akta Duo + Baby, EPS-shell rearward facing

CRS for group 0+l approval no. E5 02022.

Dummy: TNO P3 15 kg

Impact speed: 50,0 km/h

Stopping distance: 660 mm

Observations from highspeed film: The top of the CRS

is immediately blown away and the CRS collapses com-

pletely. The dummy is displaced downwards and ends up

under the instrument panel.

Dummy acceleration data:

Chest resultant/3 ms: 69 g (Typical <50 g)

Head resultant/3 ms: 185 g (Typical <40 g)

Comments: The high accelerations and the complete

collapse of the CRS indicates a high injury risk for the

child. The child is also unprotected in any secondary

collision.

Comments

The tested infant carrier and child seats do not seem

to give adequate protection to its occupants under these

circumstances. There is no reason to believe that rear-

ward facing child restraints of other makes would behave

differently.

Due to these results and some other incidents the

soft-shell child seats are no longer in production in

Sweden. They now have a hard cover on the outside of

the EPS-shell. However, approx. 500.000 of these seats

have been sold and will be used for many years to come.

The Time Bomb

Even if we should be successful in warning the owners

of new cars not to use rearward facing child seats in

combination with passenger air bags 3 time bomb is

built into the system. We can expect that the second

owners of these vehicles, more likely to be parents of

small children, will not be reached by the warning

messages. Even if they are, it is very likely that some

will ignore the warnings and use their approved infant

seats in the dangerous position. We must not forget that

there are millions of infant seats available worldwide.



These seats have a long lifetime and are re-used many
times.

Roadside Safety Features
In order to protect motorists from injury, several

roadside safety features have been developed. Among
these devices are median barriers, guardrails, yielding

signs and light supports and crash cushions. These

objects are developed and approved by crash tests.

For several reasons dummies are not used in these

tests. The occupant risk is evaluated from the accelera-

tions measured in the vehicle center of gravity.

Occupant Impact Velocity (01V)

This approach has been used in the NCHRPR 230,
Recommended procedures for the safety evaluation of

highway appurtenances, published in 1981. [7] A popular

name for this method is the Flail Space Method. A

very similar method was also published in Sweden in

1980 [8]. The main features of these evaluation pro-

cedures are the following:

- Assume that the car occupants are not using any

seat belts. Even with a high general usage rate of

seat belts it can be assumed that a large part of the

occupants in roadside crashes are not belted.

- Keep the impact speed of the occupants into the

dashboard at a minimum level. This is calculated by

integration of the vehicle acceleration assuming that

the occupant is a free mass that will move 0.6 m

before impact. The NCHRPR is at present subject to
an update where the Flail Space model probably

will be kept. The proposed limit value for the impact

to the dash is 9 m/s (32 km/h).

When the occupant is in contact with the dashboard

the acceleration may rise to a higher level. This

phase is called the Occupant Ridedown. It is

assumed that the acceleration may rise to 20 g

during this phase without posing any serious threats

to the occupant.

Theoretical Head impact Velocity (TH/V) and

Post-Impact Head Deceleration (PHD)

This evaluation procedure [9] has been proposed and

will probably be used in the European Standard that is

now being developed within CEN (European Committee

for Standardization). Although this is a more sophisti-

cated, two dimensional, model the main principles are

the same as in the US requirements.

Intentional OOPO?

The problem of the Out-Of-Position Occupant (OOPO)

has been discussed for a long time. The main concern is

that an OOPO will be too close to the deploying air bag

and that serious to fatal injury can occur.
The design goals for roadside safety features as

described above may well encourage this out-of position

situation. The goal is in fact to position the occupant in

contact with the dashboard or the steering wheel.

Section 3: Technical Sessions

Conclusions
The introduction of passenger air bags poses a serious

injury risk to small children using rearward facing child

restraints in the front seat of the car.

There are several solutions to the problem that ought

to be given a high priority in the development of air
bags, child restraints and regulations.

. Mandatory warning labels in the cars and on the

child restraints.

- The position of the air bag on the dashboard. Top-
or low-mounted air bags may be safer.

. The deployment phase of the air bag might be al-

tered in order to create a less aggressive situation.

- A detection device that will provide early deploy-

ment, before the impact starts, would allow for

enough time of deployment at a lower intensity.

- Proximity sensors or switches might disconnect the

air bag when a child restraint is installed. The

ISOFIX [10] concept now discussed in the ISO

working group (ISO/TC 22/SC 12/WG 1) may

include devices available to disconnect the air bag.

. The rearward facing child restraints may be designed

so that they can reduce the forces from the deploy-

ing air bag.

The present design criteria for roadside safety features

may encourage designs that can induce an unwanted out-

of-position situation. A careful evaluation of this prob-

lem ought to be made. For some roadside objects it

might be feasible to ensure the deployment of the air bag

at the first contact. This will, however, probably be

unfavorable to unrestrained passengers in cars without

air bags.
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