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PREFACE

This report has been made at the Road User and Vehicle Division of the

National Swedish Road and Traffic Research Institute (VTI) and was

ordered by the Swedish Road Safety Office(TSV). A subcontract was

made by VTI with the Department of Mechanical Engineering at the

Institute of Technology in Linkoping (LiTl l). The report from LiTI I is

completely reprinted in this publication and the comments made by VTI

are especially intended for use within the Group of Rapporteurs on

Safety Devices (GRDP) of the Economic Commission for Europe (ECE) in

its work with amendments to ECE Regulation no. #4 concerning child

restraints.
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CHILD RESTRAINTS
Some aspects on the degradation of polymer materials.

by Thomas Turbell .
Swedish Road and Traffic Research Institute (VTI)

5-581 01 LINKCPING

Sweden

SUMMARY

Due to some observed problems with cracks in approved child restraint

systems in Sweden this investigation was made in order to get better

knowledge of the degradation problems with the materials used. A

second objective was to propose possible amendments to the ECE-

Regulation 44 on child restraints with the aim to prevent these problems

to occur also on products approved according to that Regulation.

This report shows that the problem of degradation of polymer materials

has been neglected in the Regulation and that the present situation on

the market give rise to many serious questions regarding the manufac-

turers choise of materials and manufacturing processes.

A recommended service time of 10 years is proposed for the child

restraint systems and a list of proposed amendments to the Regulation is

presented. Proposals for further investigations are also made.

VTI MEDDELANDE 357A



II

BILBARNSTOLAR
Négra aspekter pa aldrande hos plastmaterial.

av Thomas Turbell
Statens véig- och tra kinstitut (VTI)
581 01 LINKOPING

SAMMANFATTNING

Forellggande undersoknlng har utforts med anlednlng av observerade

sprlckblldningar pa bllbarnstolar typgodkanda l Sverlge. Huvudsyftet var

att fa battre kunskap om aldringsproblemen for de material som anv'ands

l bilbarnstolar. Ett andra syfte var att kunna foreslé andrlngar i gallande

europeiska best'ammelser for att forhlndra at : problem med sprickblld-

ningar och eventuella haverier uppstér.

Underso'kningen visar att aldringsegenskaperna hos plastmaterialen lnte

beaktats tillrackllgt l nuvarande best'ammelser. Lampligheten hos de

material och de tillverknlngsmetoder som for narvarande anvands kan i

vissa fall ifragasattas.

Med nuvarande kunskapsl'age rekommenderas en maximal anvandningstid

av 10 Sir for bllbarnstolar. Ett antal forslag till kompletterlngar av det

europeiska reglementet laggs fram och forslag till fortsatta undersok

ningar presenteras.
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I INTRODUCTION

In the last 15 years approximately 400 000 child seats have been sold in

Sweden. The majority of these seats are rearward facing seats approved

to the national regulations. A couple of years ago occational reports

from the public to the authorites concerning approved seats that

spontaneously had cracked began to appear. These seats were ususally

taken care of by VTI and the owners got new seats from the manufact-

urers. It is not known to what extent the manufacturers have exchanged

seats with cracks without any involvment by VTI. There are probably

more seats being replaced this way since the normal thing to do for the

customer would be to contact the manufacturer and not the authorities.

Repeated production control tests and overload sled tests with g-levels

of 40g, did not reveal any problems with the suspected seats.

One accident where a seat broke in two parts is known to VTI. The crash

was rather severe and fortunately the child occupying the seat escaped

without any injuries probably due to the failure occurring very late in the

crash.

A common factor for all seats with these problems is that they are made

of polyethylene.

 

Since the national Swedish regulation requires that the seats are marked

with the month and year of production it has been possible to check this

on these seats.

For one of the suspected type of seats the problems seems to be

concentrated to a certain manufacturing period.

 

Due to the facts related above, the Swedish Road Safety Office in l982

ordered an investigation at VTI with theaim to look further into these

problems. Since no experts on polymers were available at VTI a

subcontract was made by VTI with the Department of Mechanical

Engineering of the Institute of Technology in Linkoping.
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In the Annex to this report the full report from the Institute of

Technology is reprinted. The following text will highlight some of the

main points in the Annex and also pr0pose some solutions in order to

include these aspects into ECE-Regulation 44, "Child Restraints".

2 CONCLUSIONS

The following conclusions, having a direct application to the regulatory

work, can be drawn from the report in the Annex.

1. Degradation processes in polymer materials are not covered in the

Regulation except for webbing materials. For the corrosion of metal

parts there is a special Annex with a well defined method but for the

degradation of the plastic shell there is nothing. This is not logical

since some corrosion of metal parts is by far less important than

degradation of the shell.

I\
) Polymers are often sensitive to mild organic solvents. Even cleaning

a child restraint with an unsuitable detergent may damage the

restraint.

3. The manufacturing process is critical for the performance. A high

cooling rate in order to speed up production may increase the internal

stresses in the material. The reuse of material, reclaim, which is

also a way to cut down production cost, can also be disastrous.

ll. Polyethylene is seldom found in other safety devices than child seats.

When used in industrial safety helmets the service time is often

limited to one year.

5. Although the expected service life time of various child restraints

may differ considerably a service time of 10 years is recommended

based on the present knowledge.

VTI MEDDELANDE 357A



3 POSSIBLE AMENDMENTS TO REG. #4

3.1 Short-term solutions

 

l. Amend Regulation 44 to include a mandatory marking of the month

and year of production. An additional requirement could be to have a

serial number marked on the main frame of the restraint. The serial

number could maybe be substituted with a serial number on the

approval mark which at present is common practice at least at TNO.

With a proper bookkeeping from the manufacturers this system would.

make it possible to make a recall campaign if something is found to

be wrong when the systems are delivered.

2. Amend Regulation 44 to include a mandatory marking saying some-

thing like "NOT RECOMMENDED FOR USE FOR MORE THAN 10

YEARS AFTER PRODUCTION". This marking has to be on the

device itself and not in the instructions since these most certainly

will be lost after lO years. This proposal might be unfair for

manufacturers using a high quality material and a perfect manufact-

uring process but the present knowledge on these matters at the

approval authorities and at the technical services is probably not

good enough to differentiate between various products. On the other

hand manufacturers might be happy that old child restraints don't

stay in the market forever.

3. Amend Regulation 44 to include amandatory marking on the device

itself with a warning that the child restraint is only intended for use

inside a car. As can be seen in the Annex to this report eg. the

sunshine and humidity during one summer in a sailing boat can

definitely destroy some of the materials completely.

4. Keep a very thight check on the production control requirements in

the Regulation in order to trace any changes in the material used and

in the manufacturing process.
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3.2 Long-term solutions

 

1. Investigate if it is possible to have an environmental test included in

the Regulation. Some general aspects of such a test would be:

- The test should if possible be "universal" and not specific for

different materials since this would be a design requirement that is

not wanted in a Regulation.

Already available methods and requirements should be used.

- The test apparatus should not be too small and complicated since

the test cycle would probably be a couple of months and the

apparatus must be able to contain several restraint systems if this

method should be usable in the daily work of the testhouses.

2. Investigate if it is possible to define certain materials and processes

that can definitely not be approved.

3. Investigate if it is possible to add an overload test to the dynamic

test now in the Regulation. This test might be made at a much

higher deceleration level than the present one in order to reveal the

safety margins built into the systems.
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ABSTRACT

The material used in Swedish rearward facing child

seats has been studied at the request of the National

Swedish Road and Traffic Research Institute.

Polymers are sensitive to environmental effects and

the symptoms of the degradation usually are a loss of

mechanical properties.

The aim of the investigation was to estimate a "safe"

lifetime for the seats.

The materials used in the seats are Polyethylene, Poly-

urethane and glass fiber reinforced polyester.

A recommended service time of 10 years is proposed.

A bad bulk material and the manufacturing process are

critical for the performance.
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BACKGROUNDjAND<INTROBQQTION

'At the request of the National Swedish Road and Traffic Re-

search Institute (VTI) a review of the materials used in Swedis]

rearward facing child seats, in the sequel named seat(s), has

been made. The aim of the investigation was to estimate a "safe

lifetime for the seats and to inform VTI about the degradation

of the material used due to environmental factors. Unfortunatelj

people seem to underestimate the environmental effects on poly-

mer materials. This fact might be explained by the lack of ex-

perience and the difficulty to observe the degradation in poly-

mers compared to the corrosion of metals. In cases when the

failure of a component is not fatal this degradation may be

acceptable. When a designer chooses to use a material in primarj

structures, such as safety devices, the environmental stability

of the material must be considered. Introducing materials, not

commonly used in primary Structures, in safety devices one need

a thorough knowledge of the behavior of the material. A certain

amount of insight into the problems is desirable by the approva

authorities.

Normally the strength of a material is described by a Weibull

distribution, see fig 1. d is called the "shape parameter". The

larger the value of d the less scatter in strength. All the

materials in this investigation have a relatively large scatter

in strength, i e a small value of d. This means that in order

to achieve a low enough probability of failure the allowed

stress level must be kept low. In other words a large safety

factor is required. A degradation with lower 00 increases the

probability of failure. Variations in manufacturing influence

the parameters a and may reduce the safety against fracture by

50%. If the effect of degradation is superimposed on the vari-

ations due to manufacturing the resulting safety may be reduced

to a non-acceptable level.



When selecting a material for a design application one has to

define the demands on the material. The demand we will conside:

is the safety requirement against mechanical failure, i e frac-

ture. There exist two general design philosophies. The first

one assumes that fracture has occurred when the stress exceeds

the strength of the material. The other considers the balance

of energy release and absorption during the fracture process.

The later method, FraCture Mechanics, takes the influence on

defects into account. "The fracture toughness" is used a a ma-

terial parameter. The toughness of a material may be related tc

various mechanisms, but essentially it describes its ability

to withstand crack growth. All structures contain stress con-

centrations. These may be viewed as "inherent flaws". The fewe:

the number of cracks, and far more important, the smaller the

size of the cracks the higher the strength for a given material

The conclusion is the the structure of a tough material can

tolerate more and larger defects than that made of a brittle

material. A word of caution: A soft ductile material does not

necessarily imply a high toughness. The toughness is related t<

the capability of the material to redistribute stresses at

stress concentrations by, for example, plastic flow. The

simplest examples are maybe an eraser, and reinforced concrete.

The eraser can, if it is undamaged, withstand an enormous de-

formation. However, if one makes a cut in an area with tensile

stresses the strength is reduced dramatically. Concrete is a

very brittle material. The small microcracks present initially

in the material are sufficient to initiate a premature failure

under tensile loading. By reinforcing with steelbars the ten-

sile stress concentrations in the concrete are reduced by the

redistribution of the stresses.

If the toughness is reduced by an ageing effect the probabilitj

of failure is increased. The arguments are as follows:

Suppose we have a pOpulation of products which contain defects

(cracks). If the material has a high toughness large defects
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are required to cause failure. The probability of such a large

defect is normally low and therefore the mean strength will be

high. When the degradation reduces the toughness the probability

of finding a critical defect increases, thereby increasing the

probability of failure.

In order to improve the safety the following strategies may be

considered:

* Select a material with less scatter in strength

* Design with a larger margin of safety

* Control the manufacturing more carefully

* Increase the number of test samples

* Select a material with environmental stability

* Reduce the allowed lifetime

MATERIAL DEGRADATION

If a polymeric material is kept at an elevated temperature for

a long time one has to consider the slow but important change in

mechanical prOperties. These changes, usually termed degradation,

are normally closely connected with the complex changes in the

chemical structure of the material (Chain breakage, cross-

linking, scissoring of side groups etc). Loss of toughness and

a general reduction of the mechanical prOperties are the most

common results of these events. There exists a correspondence

between time and temperature based on activation energies. This

makes possible an extrapolation or shift to other temperatures.

If the mechanisms of degradation are not the same at the dif-

ferent temperatures this extrapolation is not valid. As mecha-

nisms of degradation for most polymers differ between room

temperature and elevated temperatures, it is often difficult

to do accelerated tests. An example of the degradation is given

in fig 2.
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Polymers often have an exellent resistance to chemicals which

attack metals very agressively. However, polymers are often

sensitive to mild organic solvents. The solvents can cause

swelling, cracking, plasticizing and dissolving. If a compo-

nent is under stress or contains internal stresses a severe

cracking can be initiated even by a detergent.

Generally, crystallinic polymers have a much better resistance

to organic solvents than polymers with an amorphous structure.

Crosslinked polymers may swell but not dissolve unless they

have deteriorated chemically. When testing the chemical resis-

tance it is advisable to put the test specimens under tensile

stress in order to reveal any sensitivity to stress cracking.

A reliable estimate of the safe lifetime requires a detailed

knowledge of the loading conditions, environments and the ma-

terial. Variations in manufacturing, stabilizers, fillers etc

may alter the long-term prOperties significantly.

THE MATERIALS USED IN CHILD SEATS IN SWEDEN

Polyethylene

Polyethylene (PE) is normally available in two major qualities,

low density (LDPE) and high density (HDPE), where the HDPE is

the stiffer of the two. In three of the seats on the market in

Sweden the material is different grades of HDPE. PE is sold

in many different qualities for different applications. The

distinction between qualities is reflected by the differences

in mechanical prOperties, environmental stability, processing

properties etc and, of course, the prices.

PE is sensitive to sunlight (UV). The high energy radiation cuts

bindings in the molecules which reduces the toughness and the

strength. A similar effect may be caused by ocygen by free radi

cal mechanisms. This degradation is strongly dependent on the
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temperature and the thickness of the material. Both these two

degradations can be retarded by the use of appropriate stabi-

lizers.

Environmental stress cracking can be a severe problem in PE.

The mechanisms of this degradation are not yet fully understood.

It is believed that a substance that is capable of diffusing

into the material and reducing the bonds between the polymer

molecule chains causes the chains to separate. To cause cracks

tensile stresses are necessary. A biaxial stress state is more

dangerous. The most common source of these stresses is the

manufacturing process. Different grades of PE show different

sensitivity to this cracking. Some may under certain conditions

crack if they are exposed to ordinary soap.

Although the subject for this review was the ageing effects we

feel that the manufacturing process has to be discussed. The

seats are manufactured by injection moulding and therefore the

material receives its final properties at this stage. Many of

the processes of degradation can be related back to the manu-

facturing. The previously mentioned internal or residual

stresses are formed as a result of the freezing or solidifica-

tion of the melted polymer. A high cooling rate requires a

relatively cold mould. The higher the cooling rate the shorter

the production time which, in most cases, is a desirable goal.

Unfortunately, a high cooling rate increases the internal

stresses. The stresses relax with time but so does the strength

due to degradation. Depending on the rate of those two mecha-

nisms the cracking may appear after a prolonged time. By ap-

propriate heat treatment after moulding the internal stresses

may be reduced to a negligible level.

Another effect of the injection moulding is anisotropy. The

molecule chains are oriented parallel to the flow direction due

to the shear stresses developed during the injection by fric-

tion between the mould and the melt. The material becomes
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brittle and strength is decreased as measured perpendicular

to the flow direction. This effect is reinforced by the

following production parameters:

* Low mould temperature

* High viscosity of the melt (low temperature)

* High injection velocity

3(
-

High holdpressure

* Thin cross sections

Another undesirable effect is weldlines, a phenomenon

appearing when two fronts of the melt meet each other head

on resulting in a local strength reduction. The molecules

from the two melts do not bind very strongly to each other.

If the melt fronts have cooled enough before meeting they

may not be able to penetrate into each other. This can result

in a severe strength reduction.

In order to minimize the above discussed effect the following

design advises should be considered:

* Uniform cross section thickness

* Well designed gates (number and location)

* Smooth geometry of the mould

A veritable poison for PE is reused regrind material. The

reused material has already been processed at least once

earlier. During each processing the material is subjected

to both a mechanical and thermo-oxidative degradation. All

high quality bulk materials contain stabilizers to reduce

the degradation. A large amount of the stabilizers are
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consumed during the moulding. A large portion of regrind

will thus reduce the initial quality of the product. To

destroy the long-term properties only a small fraction of

regrind is needed. The incorporation of short cutoff polymer

chains serves as initiation for the free radical degradation

earlier described. As the rate of deterioration is ever

increasing the failure of the product may come very sudden.

The low temperature termo-oxidative reactions requires

different types of stabilizers than UV and high temperature

reactions do.

The environmental stability of PE can vary significantly

depending on bulk material, stabilizing systems, manufac-

turing and environment. For a high quality HDPE prOperly

manufactured a safe service life of at least 10 years inside

a car is realistic. Used in a tougher environment the service

life can be drastically reduced.

Finally we like to point out that PE seldom is found in

primary structures and safety devices. To our knowledge

the only case where PE is used in a safety device is in

helmets used in industry. Helmets have a life span restricted

to only one year. The environment is of course much more

severe.

Sheet moulding compound

(SMC)

facturing process rather than the name of a material. The

Sheet Moulding Compound is the name given to a manu

SMC used in the child seat is made of glass fiber/polyester.

Such materials are commonly named fiber composites. There

are many ways to manufacture components of composite materials.

The SMC is one of the methods best suited for large series.

First one mixes the fiber and the uncured thermosetting resin,

the matrix. To avoid any premature curing of the resin one

uses a system with a high curing temperature. The uncured

SMC can then be stored at room temperature awaiting manu-

facturing of the component. By lowering the storage tempera-_

ture the allowed storage time may be extended. The SMC is

cured in a closed mould under elevated temperature and pressure.
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The behavior of a fiber composite is controlled by many

parameters. The stiffness is largely determined by the

amount, length and orientation of the fibers.

Strength is a very complicated parameter to predict. As

the material is not homogenous different failure modes

are possible. The mode of failure depends on the following:

* The strength of the fiber and the matrix

* Fiber volume fractions

* The elastic prOperties of the fiber and the matrix

* The orientation of the fibers relative to the loads

* The strength of the fiber/matrix interface.

Normally a glass fiber/polyester composite can be carac-

terized by high stiffness (compared with the stiffness of

the matrix) and excellent crack resistance.

The degradation of mechanical properties is a result of

the degradation of the matrix and fiber/matrix interface.

In hand layed up or sprayed laminates the laminate is

often protected by a gelcoat, an expensive polyester with

very good environmental stability. This is not the case

for SMC products. One has to stabilize the entire matrix

material by adding stabilizers for UV-light. As in other

polymers UV-light cuts bindings in the polyester resulting

in brittleness and surface cracks.

Water is often a hostile environment for glass fiber/poly-

ester. The degradation is complex and not yet fullyunder~

stood. Water is absorbed through a diffusion process. When

inside the composite it reduces the modulus of the matrix,

increases the damping, destroys the fiber/matrix interface,
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changes the state of stress and may attack the fiber.

As the water content increases an osmotic pressure may

be built up. This can cause severe damage to the composite.

However, it is not likely to happen in non-condensing en-

vironments. When cured internal stresses are developed

because of the differences in thermal expansion between

fiber and matrix. The possible shrinkage due to the cross,

linking of the matrix can also contribute to the stress

development. Water causes the matrix to expand thereby

reducing the stresses. This is a positive effect of the

water absorption but at the same time the other effects

may make the overall result negative. The softening of the

matrix and the decrease in interface bonding can increase

the strength and toughness. There exists an optimum for

the interfacial bonding. At both sides of that optimum

the strength is reduced. If the bonding is too strong in

the dry state an increase of the water content significantly

increases the composite strength. In general one has to

consider a reduction of strength when the laminate is

exposed to water or moist air.

The absorption rate of water is dependent on temperature,

relative humidity, the surface and the thickness of the

laminate. If the surface is smooth without any fibers

sticking out and the thickness is that of the child seat

the risk of a severe degradation due to moisture is very

small in the environment found inside a car.

Polyurethane

Polyurethane, PUR, is a cross linked polymer which recieves

its final prOperties at the time of manufacture. PUR is,

as well as PE and polyester, not a particularly well defined

material. The type of PUR used in the seat is an expanded

cellular type with a relatively thick skin of high density.

The thickness of the skin is controlled by the temperature

of the mould and by the amount of material in the mould, i.e.

the pressure. At the time of manufacture the two ingredients
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urethane and isocyanate are mixed directly in the mould.

Some small amounts of expanding agent may be necessary.

The reaction is often very violent.

The material shows a rubber-like behavior. It is extremely

flexible and has a high internal damping. These properties

make it suitable for interior details inside a car like

dashboard, steering wheel, door handles etc. There are

two main reasons for using PUR in these applications.

Firstly, it gives a soft warm surrounding and secondly,

it reduces the risk of injury at accidents. To meet these

two requirements using a single material is often impossible.

A material that feels soft cannot, unless it is very thick,

absorb the energy and the very high forces from an occupant

at a collision.

The loading of the seat differs from the loading of the

interior details of the car in one very important aspect.

At a collision the material in the seat is subjected to

tensile loads which is a much more severe loading than

that normally experienced by the interior details. Normally

PUR is very wear resistant but if a crack or sharp cut is

present in an area of tensile stresses the strength will

be reduced significantly. The crack growth resistance is

not very high.

Generally speaking PUR has good chemical resistance. The

two major sources of degradation is water (humid air) and

UV-light. In the presence of water the reaction of the

ingredients continues. The stiffness increases and the

toughness decreases. UV cuts molecular bonds and this also

results in a more brittle, less flexible material. A certain

change in colour is normally noticed as a result of degra-

dation. Unfortunately this change is difficult to observe

in dark coloured details.

Most of the properties are determined by the isocyanate

used. Important is also the mixing ratio and the amount
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of water. Water works primarely as a catalyst. An excess

of water may be fatal in regard to the long-term prOperties.

The main difference between different isocyanates is their

functionality. The lower the functionality the "better"

the material. To protect the material against UV-light

different stabilizing systems are used.

PUR has great advantages because of its good energy absorp-

tion ability. The low crack resistance makes it hard to

ignore the risk of failure under tensile loading. A rein

forcement with a material better suited for taking the

tensile loads would eliminate that risk. As the degradation

of the material is most pronounced in the beginning an

accelerated test in warm, wet and sunny (tropical) environ-

ment would reveal most of the propensities of degradation.

SUMMARY

All seat materials are sensitive to UV-light. Polyester/

glass fiber and PUR can also deteriorate through the in

fluence of water or humid air. PE is sensitive to environ-

mental stress cracking. The prOperties can differ signifi-

cantly among different qualities of a material. As the

UV-light, when filtered by windows, has relatively low

energy and the seats are covered we judge the risk of

degradation to be small. The average relative humidity

inside the car is low and therefore we do not expect any

large degradation. For PE the risk of stress cracking is

not negligible.

The above is applicable to well-manufactured materials

of relative high quality. In our opinion the largest risk

of any failure and degradation originates from an imprOperly

controlled manufacturing process and an unsatisfactory

quality of the bulk materials.

A possible way to gain a better understanding of the long-

term prOperties of the seats is to examine older seats.
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The value of practical experience must not be underrated.

If the materials are to be characterized properly a sys-

tematic following-up is required. Since the chance of a

seat being tested in real life is very small the manufac-

turers should be made aware of the risk of failure due to

material weaknesses. By careful manufacturing and control

in conjunction with a follow-up the problems of material

degradation would be possible to avoid. This would also

increase the overall safety of the product.

We consider an environmental test of the whole seat to

be essential to the prediction for a safe service time.

The test should be designed to reveal the weakness of

the specific material to be tested. All parameters from

the manufacturing, bulk material and test results should

be saved in order to ease the future evaluation of the

seats. Moulded into the material must be a traceable mark

so that the parameters of a seat can be retrieved.

It is our Opinion that the probability of a severe degra-

dation of any of the rearward facing child seats on the

Swedish market within a usage period of ten years is very

small. Once again we would like to stress the fact that

erronious manufacturing and bad bulk material can change

the above judgement. We do not wish to rank the seats

because we do not know the design parameters such as

design load level, loading case etc. None of the manufac-

turers were able to present a basis for calculations. The

harmony of the designs are not always the best. As an

example a belt with a strength of more than 10 kN is

fastened with a bolt having a strength of less than 3 kN.

The period of ten years should not be viewed as a definite

life time. Probably many of the seats will be perfectly safe

to use after a much longer period. Scatter in the strength

reduces the safe life for the population of seats. Besides

it may be unwise to keep old safety products in the market

for a prolonged time as the develOpment of new and better

products is rapid.
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