Throwing light on automotive

trim testing

Mike Hibbert

Materials used in the construction of vehicles have to meet
severe requirements both in terms of light stability as well as the
mechanical properties of the materials used. The combined
effects of solar radiation, temperature and humidity can have
significant effects in terms of colour changes, and losses in

strength and gloss.

The demands for car comfort and
convenience from customers has led to
the automotive industry putting higher
quality demands on their suppliers,
During the last decade there has been a
significant increase in the use of
coordinated colour ranges in car
interiors, incorporating rich patterns
and fabrics such as velour seating. In
1984 approximately 3.5 kg of textile
synthetic fibre was used in vehicle
manufacture whereas almost 10 kg is
used today. Combined with the trend
towards lighter pastel shades, automo-
tive manufacturers have demanded
tremendous efforts from their suppliers
to meet their requirements on the
fading resistance of seat cover materi-
als, head restraints, door panelling,
dashboards and steering wheel covers.
Specifically these materials are
subjected to a high level of stress from
solar radiation as a result of the large
area of glass now being designed into
vehicles. Apart from the photo-
degradation caused primarily by the
u.v. component, the high temperature
stresses that materials suffer inside a
closed vehicle are of decisive impor-
tance in terms of the catalytic effect
produced. Materials which are sub-
jected to considerable stress require
test procedures that incorporate these
criteria. The motor industry has
developed methods which simulate the
special conditions inside a vehicle and,
as a consequence, expose materials to
high temperatures during their testing,
However, this situation is not an easy
one from the supplier’s view point.
Unfortunately, a range of different
standards utilising different machines,
different temperature levels, wave-
length ranges, hours of exposure and
end point assessment are some of the
problems facing the average supplier
(Table 1). This has resulted from each
manufacturer developing test param-

eters and end point assessment on an
individual basis as a means of provid-
ing a material quality which they
perceive will prove acceptable in
practice. In some cases these judge-
ments have been taken on the basis of
‘in service’ failures and the need to
improve quality; in the others the
judgement has been taken based on
‘real time’ assessments made on
materials exposed in endurance cars
sited in locations such as Arizona or
Northern Austratia, where the ex-
posure conditions are known to be
consistently severe over long periods of
the year. Although some tests are
better than others, the net result to the
supplier is the difficulty of being able
to achieve the specifications of all their
customers within one particular test
unit. This is further complicated by the
globalisation of business and technol-
ogy and the creation of manufacturing
plants in different geographical
regions.
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United Kingdom

Because of the presence of companies
from all over the world, and the close
proximity of European manufacturers,
suppliers of the UK market face a wide
and complex range of test variants.
Ignoring the wider European aspect
this encompasses, procedures specified
by Vauxhall (using Opel methods),
Peugeot-Talbot (using French test
methods), Jaguar, Ford (using either
Ford Europe or American SAE pro-
cedures) and Rover. Also to be consid-
ered are the requirements of Nissan
test standards and potentially those of
Haonda and Toyota - altogether a
highly complex situation.

The Rover Group test typifies the
development of a test procedure from a
planned product stance. In order to
guarantee that laboratory-accelerated
tests would provide an acceptable
correlation with ‘real time’ correlations,
fabrics were exposed in Arizona in
endurance vehicles and monitored for

Table 1 Important test conditions: light fastness test at high temperatures

Physical Ford
conditions  Volkswagen Opel Renault PSA Europe Rover
Irradiance  ~75 W/m?  Not >85 W/m?  Not Not Not
(300-400 nm) controlled  turning controlled, controlled controlled

mode turning >85 W/m?

mode

Filter 2 Suprax, 4i.r., 4 ir., 4ir., Max. uv. 6ir.,
system 1 window 3 windows 3 windows 3 windows 1 blank
Spectral
range (nm)  >300 >310 >310 >310 =270 >295
Chamber
temp. (°C) ~65 40-50 <45 <45 50 70-75
R.h. (%) 10-20 10-20 45 45 ~80 5-10
BST, BPT BST 100°C BST 115°C BST 90°C  BPT 90°C BPT 75°C BST 115°C
Xenotest
equipment 1200 CPS 450 150/8 150/S 1200 450
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ambient and black body temperatures
as well as humidity and irradiance
levels. This was then translated into an
accelerated test with the guidance of
Ciba-Geigy and Heraeus, resulting in a
test developed around the Xenotest 450
involving very high temperature levels
{70-75°C chamber temperature,

115+ 3°C BST) producing a high
thermal load on the test fabrics at a
high irradiance level. With a test
completion in 52 hours, this proved a
very rapid test which showed direct
correlation with a standard Arizona
exposure period — a degree of severity
rated as being two to three times that
of the German industry standard
methed (to be covered later).

Nissan (UK) has recently introduced
test procedures for all interjior materials
based on xenon arc testing, specifying
the Xenotest 1200 CPS, and derived
from the German industry method.
Similarly Honda (UK) has purchased a
Xenotest Alpha unit, one of the new
models recently introduced by
Heraeus, for their testing purposes,
although the method to be employed
has not been determined. Toyota has
purchased a Xenotest 1200 CPS for its
Belgian facility, possibly for light
fastness testing in Europe.

On a national basis attempts have
been made to standardise test pro-
cedures and performance parameters
to try to simplify the confusion. In the
UK this takes the form of the draft
procedure B06 of B51006 (equivalent to
[SO 105) which lists various methods
currently used by some European
companies as well as methods specified
in other national standards (e.g. DIN
and AFNOR). Whilst five methods are
listed, the text states that correlation
between methods is not guaranteed.
They can in fact give markedly dissimi-
lar results, as round-robin test have
shown. In addition, the methods listed
do not cover all current company pro-
cedures — the Rover and Ford (Europe)
tests are not covered for example.

In drafting test proposals, attempts
have been made to reproduce the
specific conditions perceived to exist
within vehicles in sunlight canditions
(e.g. the Rover test method). The large
areas of glass and the inclination of
windows raises the temperatures in the
vehicle to the extent that surfaces in
direct sunlight can achieve tempera-
tures in excess of 100°C (rear parcel tray
temperatures of 135°C have been
measured on fabric in Arizona). This is
one area of deviation between pro-
cedures: the thermal balance between
the test chamber temperature and the
material surface temperature as

measured by the black standard
temperature procedure.

Another area of variance is the spec-
tral range of the irradiance to which
the material is exposed. In practice, the
spectral distribution inside vehicles can
change from manufacturer to manufac-
turer because of the different glass
transmission characteristics. It is
considered unlikely that, unless the
vehicle has a soft top or is left with the
windows open, u.v. irradiance at less
then 315 nm will be transmitted by the
glass. In the DIN and AFNOR stand-
ards shortwave u.v. below 320 nm is
only present to a limited extent
(<0.5%). However, in the American
SAE standard and the Ford (Europe)
procedure, wavelengths as low as
280nm (270nm for the Ford test) are
permitted which is an essential differ-
ence between America and Europe.
Further points of variance are the
humidity settings used, the test
chamber temperatures and the inclu-
sion of light/dark cycles.

Germany

The German automotive industry has
made collective efforts to standardise
test performance parameters and
equipment leading to the DIN75202
(1988} test standard in which the
wavelength range is specified in terms
of ‘percentage irradiance’ in waveband
ranges up to 800 nm (Table 2). Also
specified are the accepted instruments,
predominantly the Xenotest 450 and
Xenotest 1200 units together with the
black standard and chamber tempera-
tures and humidity level to be applied
during testing (Table 3). The test
termination depends on the rate of
fade of blue wool 6: grey scale 3 change
should occur in 85+ 15 hours.

The objective of the FAKRA organi-
sation, under whose control the
standard was developed, was to
produce a method accepted by all
German manufacturers and suppliers
as a definitive procedure. This would
then enable correlation of all available

Table 2 DIN 75202 permitted irradiance
values

Relative

Wavelength {nm) irradiance@ (%)

Between 290 and 320}  <0.5
Between 320 and 360 31
Between 360 and 400 6xi
Up to 800 100

(a) Expressed as a percentage of total irradiance
up to 800 nm
(b) No irradiance permitted below 290 nm
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Table 3 DIN 75202 operating conditions

Xenotest unit

450 450 1200
Filter combination E F G
Black standard
temp. {°C) 115£3 100£3 10043
Test chamber
temp. (°C) 50-60 60-72 60-72
R.h. in test
chamber (%} 20110 20110

Filter combination

Type E: Four i.r. absorbing filters, three window
glass filters in a filter lantern surrounded
by an outer cylinder of u.v.special glass

Type F: Seven i.r. absorbing filters with an outer
cylinder of u.v. special glass

Type G: Inner cylinder of quartz glass with ani.r.
reflective coating, outer cylinder of quartz
glass with pure water between; supple-
mentary filters in three sections: one sec-
tion of window giass plus two of u.v. special
glass

equipment against an accepted test end
point to produce an adequate product
quality. However, with the continuing
need to provide higher quality materi-
als with improved fade resistance,
reflecting the expanding world car
market, this method in its basic form
was perceived by some companies as
being no longer adequate to meet their
need. As a result, it is now accepted
practice to carry out multiple tests (up
to six consecutively) on the same
sample. To cover this requirement a
draft supplement to DIN 75202 was
produced in April 1991 covering ‘hot
light ageing by multiple exposure to
DIN 75202 conditions’. In order to
incorporate more precision in the
method and remove the subjective
nature of the usual grading of blue
wool 6 fading an end point for a single
test has now been defined in terms of a
CIELAB AE value of 43+ 0.4 on blue
wool 6. Tt is also permissible to stipulate
the single test end point in terms of the
irradiance (k]/m?) the sample has
received either in terms of total u.v.
dosage (300—400 nm) or at one specific
point of measurement in the u.v.
waveband.

USA

In the USA the test methods to evalu-
ate the light stability and durability of
automotive materials can be divided
into real time tests and accelerated
tests. In the recent quarterly publica-
tion of Heraeus Laboratories, Jack
Martin, the manager of the Everglades
Division, provided a summary of the
current state of testing which states as



follows: ‘Real time weathering tests are
conducted for durations approximating
the expected life of the material. Many
months, or even years, may be re-
quired. Rapid advances in materials
and ever changing demands do not
allow the luxury of time. As a result,
more emphasis is being placed on
accelerated test methods.’

The demand by manufacturers to
test complete assemblies lead to the
development of GM 9538F for testing
instrument panels, consoles, door
panels, seat cushions, etc. This stand-
ard describes several types of test
fixtures which can be operated under
different conditions. These include:

* a sealed fixture

* a sealed fixture with water tray for
added humidity

* asealed fixture with temperature
control (ie limited to a maximum
temperature)

* asealed fixture, heated and tempera-
ture controlled.

Complete vehicle, body static tests,
vehicle on turntables which track the
sun and non-standard tests are also
specified in this standard.

GM 9538P was developed, not only
to evaluate the exposure tolerance of
interior automotive materials, but also
to determine the correlation of labora-
tory-accelerated weathering devices
described in GM9125 to natural
weathering,.

By far the most popular technique
for evaluating the performance of
textiles is the use of laboratory cabinet
weathering devices. Speed, as well as
the ability to control irradiance,
temperature and humidity parameters
have made this so. Xenon arc technol-
ogy and controlled irradiance offer
state-of-the-art methods for determin-
ing material durability. For example,
the SAE standard J1885 requires the
use of a water-cooled xenon light
source weathering cabinet. The
standard is widely used by manufac-
turers and their suppliers for evaluat-
ing textiles and other automobile
interior materials. Acceptance criteria
for some interior components are based
solely on J1885 test results. Sample
preparation, test durations and per-
formance evaluation procedures are
covered in the various material specifi-
cations. To improve reliability in
predicting failures in auto interior
materials, a new method SAE Draft
Standard J2212 (based on an air-cooled
xenon arc procedure) is now being
developed. Efforts to correlate the
existing methodologies are under way,
using a more conservative filter system.

Before SAE J2212 can become a
working standard, an acceptance test
protocol, established by the IFAI/5AE

transportation committee, must be met,

This protocol consists of five steps:

1. identify test cycle

2. determine exposure times

3. demonstrate accuracy of machine
variables

4. conduct precision study

5. conduct correlation study.

Thus far, steps one and two have been
completed, but are subject to revision
pending the final results of steps three,
four and five.

Step three has also been completed.
This section of the test protocol used
L-2 and L-4 blue wool specimens, as
well as polystyrene chips. The testing
determined:

* top-to-bottom uniformity within a
sample holder

circular uniformity at four positions
90° apart within a machine
machine-to-machine/test-to-test
uniformity within three different
machines.

Tolerance levels were + 5% for the blue
wool specimens, and + 10% for the
polystyrene chips, all based on instru-
mental colour measurements,

Step four is intended to show
precision between machines of the
same type, using three polyester and
three nylon fabrics. Results from this
test showed that the Xenotest 1200 CPS
is well within the standard deviation of
the data generated by 16 laboratories
running the same test in water-cooled
units per SAE J1885. Further refine-
ment of the irradiance level and filter
system for the air-cooled units is close
to completion.

Step five is intended to show correla-
tion between the air-cooled unit and
the water-cooled unit using a number
of different fabrics and rigid plastics.
As yet, no official work has been
performed on this phase of the proto-
col in either the air-cooled or water-
cooled units. It is expected that this
study will be completed this year.

Japan

When considering the world market
there are other significant differences
in test methods. As shown in the USA
and Europe xenon arc systems are
primarily used, but the Japanese
currently use carbon arc equipment for
their test procedures However, it is
evident that in transferring their
manufacturing to Europe and the USA
they are adopting the modern and
reliable xenon arc test methods. Based
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on an extensive round-robin test being
carried out under the control of JASO, a
change to xenon arc testing is being
considered for interior materials,
Within the framework of this round-
robin test, evaluation of a procedure
intended to reduce testing time at an
increased radiation intensity — the so-
called ‘Super Xenon’ procedure - is
also being carried out. Whilst this
method is primarily intended to
shorten the time-scale involved in
testing highly durable materials such as
paints, applications for plastics and
textiles are being considered

Clearly different test regimes prevail in
different parts of the world. Whilst
Europe uses the highest temperatures
but a moderate spectral distribution
{i.e. no low u.v. wavelength), the US
accelerates the test by using low u.v.
wavelengths. By comparison, the
Japanese do not use low u.v. wave-
lengths but increase intensity to
achieve acceleration.

Therefore efforts to develop and
implement international standards will
not be without challenges, but it is
noticeable that an environment of
cooperation and exchange of informa-
tion exists. Heraeus, ever aware of
complexities presented to the material
supplier who has targeted a worldwide
growth of sales for his products, has
now produced a modular test device
called the Xenotest Alpha which is a
flexible unit in terms of the filter
combinations available, the tempera-
ture range, the irradiance levels
possible, humidity control and rain
spray/weathering facilities. Within one
unit, by selection of appropriate
modules, it is possible to achieve any
given test procedure and in a mini-
murm time-scale and at low-cost change
the parameters of the test to meet an
alternative criteria. As an example
within the Xenotest Alpha, it is possible
to meet the test criteria of the SAE
12212, DIN 75202, Rover, AFNOR and
Ford (Europe). With the flexibility built
into this modular system it is possible
to meet any given air-cooled xenon arc
test standard. Not every supplier has a
test demand requiring the capacity of
the Xenotest 1200 CPS, so the Xenotest
Alpha is made with a more functional
capacity, at a more economic price. It is
believed that this unit will offer the
flexible option required to meet future
test demands.
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Brentwood, Essex CM15 9TB, UK

JSDC Vorume 108 May/June 1992 255




