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Foreword

mM.:. Dl Ao o hanm oo, ¥ 1 N

This British Standard has been yxcpa.led by Technical Committee TCI/78, Coated
fabrics, which has the resnonsibility to:

— aid enquirers to understand the text;

— present to the responsible national committee any enquirers on the interpretation,
or proposals for change, and keep UK interests informed;

— monitor related national developments and promulgate them in the UK.
A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

© BSI 11-1999
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the subsequent

test specimens.

A number of different techniques and methods are
available which each have advantages and
disadvantages. The guide aims to highlight these and

nrntida guiffisiant in o an +hn4— d—lnn haoat and
PLUVIUT DULLICITIIL QUULHIAUIULL DU uilau uic utou atia

L
most appropriate tes ting can be carried out

The guide has been written after a two sta,«ze
information gathering process. The first stage was to
survey the opinion of European suppliers of coated
fabrics as to their testing requirements and current

e ko PIPRPRY RS R S PP £ Ry P

P1acuices, llllb WUK l/lle IUllll Ul a quebuUIUId.ue
circulated to over 70 comnanies {see clause 10), The

CAICRREALTR WL OV YV LLRRpalunts (ST Lalkse A AT

second stage was to review the current test methods
and to summarize and assess them.

The ultimate criterion for judging a light fastness test
is how the results compare with the real life
suuamon 1ne purpose of iaboratory testing is to

nvnaavn +n light had at an ancnla
LTeitrae

farmatinn

should be heeded whilst at the same tlme
considering experience of real life situations. Where
more quantitative resuits are sought, this guide will

be nnvf-nn]ov]vr useful since it is designed to make
€ par 18Xy S€eiui Since S1gNneq Lo Make

the testing pmcedures as standardized, consistent
and repeatable as possible.

In the past, BS 3424 has recornmended that either
BS 1006 or BS 2782 is followed depending on which
side of the coated fabric was being tested. Similarly,

thia g113dA mialaa atonificant vafavanaas £ TCN 1NR
ULD HUIUT AR TD OIELILILVALLLY ITITITIILT W 1oV 1vo.

This document describes the factors that need o be
considered when assessing the colour fastness of
coated fabrics to artificial light and when carrying
out post exposure physical testing on the coated
fabric test specimen. It is applicable to all forms of

mlnndin mend vnlilines mnndnd v ndnsinls
PIadLIC allil Tuppcr LualCu inalcilals.

provisions whlch thr u2h reference in this text,
constitute provisions of this part of this British
Standard. For dated references, subsequent
amendments to, or revisions of, any of these

4+ ol s wafanana
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BS 1006:1990, Methods of test for colour fastness of
textiles and leather.

BS 2782-5:Method 540D:1995, Methods of testing
plastics — Part 5: Optical and colour properties,
Mothnd 5401)-

anoathoviay o
w2 ULl GFULs.

Mothnde nf cormpeure 1o
HEUOGS Q) exposure Lo

WL LIvCT LTuy

laboratory light sources. General guidance.

OO AL il A FANAT.1ON0E " N oy
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plastics — Part 5: Optical and colour properties
weathering — Method 540E: Methods of osure to

laboratory light sources. Xenon-arc sources.

BS 2782-5:Method 552A:1981, Methods of testing
plastics — Part 5: Optical and colour properties,
weathering — Method 552A: Determination of
changes in colour and variations in properiies after

exposure t tr Arnds bt n.mnlm.- alreao mretnianld

Tl f7Uo (20 wwy byll/b AT yl/un)o wwbwrwo
weathering or artificial li

BS EN 20105-A02:19¢ 5 Tafr iles — Tests for colour
scale for assessing
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change in colour.

ISO 105-B02:1994, Textiles — Tests for colour
Sasiness — Part BO2: Colour fastness to artificial
light: Xenon arc fading lamp test.

3 Light source
3.1 General

When testing colour fastness in general, it is vital
that the test environment and conditions replicate
real life or in-use conditions. Since this guide is
concerned with light fastness as opposed to
weat'neﬂng, the light to which the test specimens are
exposed should mimic daylight as closely as

14llgc QL oUV 1IN VO oV Il AL

1nc]ude ltra violet (UV), visible and mfra red (IR)
radiation, the spectrum of filtered xenon light
resembles that of sunlight. It may be that UV
radiation is the primary cause of material

A rva Aatinn et fho fomes amadiina ~AF dhoa Faod A v
ucslauauuu UuL uie LClllpﬁldLu.lB Ul UILT LOCOL b})ﬂbulltll
is also very significant. Consequently

ais wARSCGY

effects caused by the IR part of the incident
radiation are also vital, especially for coloured test
specunens Although with some types of xenon

lamps, the heating effects due to the IR radiation
may be greater than those which occur in real life,
appropriate filters ca.n. minimize this difference. .A..
additional benefit of xenon lamps is that filters can

be used whose output mimics that of daylight
through window glass, a common in-situ application.

The specifications in BS 2782-5:Method 540E:1995, 4.1
regarding the xenon-arc lamp apparatus should be
adhered to.

3.3 Filtered mercury vapour lamps

Filtered mercury vapour lamps with the addition of

metal halide or tungsten are also able to give a
SiTlar

f its output is slightly lov

The intensity of the light is also far lower than for

xenon-arc and hence test exposure times will be

longer.

e D R LI PR VS TR 1y [,

spectrum to sunlight although the IR portion
utput is slightly lower than for solar radiation.

C1 vawaal 2V SUszad
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3.4 Carbon-arc light sources

The light emitted by an arc between carbon
electrodes was popular before the advent of
xenon-arc light sources but, even with filters,
carbon-arc light includes a significant amount of
radiation between 350 nm and 450 nm which does
not occur in natural daylight. Therefore the use of
carbon-arc light sources is not recommended.

3.5 Fluorescent UV light sources

Fluorescent UV light sources expose samples to the
damaging UV portions of sunlight at controlled
elevated temperatures.

4 Irradiance

Irradiance is defined as the amount of radiation
energy incident upon a square metre of material. It is
dependent upon the spectrum of the emitted
radiation, the intensity of the radiation, the distance
of the test specimen from the energy source and the
orientation of the test specimen surface with respect
to the incident energy.

The international colour committee, CIE, has
compiled data which states that over the wavelength
range 290 nm to 800 nm (UV, visible and IR
radiation), an irradiance value of 550 W/m? is
recommended when simulating solar radiation. When
considering irradiance values caution is advised
since it is easy to be misled. The energy of a
radiation source is inversely proportional to the
wavelength of the radiation (UV radiation is more
“energetic” than IR radiation) so the same intensity
of radiation can give different irradiance values
depending on the wavelength range over which the
measurements are made.

The importance of reproducing sunlight has already
been emphasized but it is worth reiterating.

A radiometer is a device for measuring irradiance. In
the context of the testing apparatus it should be
mounted in the same relative position as the test
specimen and in the same orientation with respect to
the light source. The radiation energy is not evenly
distributed over the entire wavelength range. The
xenon-arc lamp (when new) should conform to the
spectral distribution of UV radiation specified

in BS 2782-5:Method 540E:1995, 4.1.

NOTE 1 Although the lamps may be manufactured to conform

to BS 2782-5:Method 540E:1995, 4.1, there will be significant
variation between the spectral distributions of the lamps.
Assuming that real life test experience has shown
the need to mimic sunlight as closely as possible, the
radiometer should measure over the wavelength
range 290 nm to 800 nm and its output should be
used to automatically adjust the intensity of the lamp
so that an irradiance of 550 W/m? is applied
constantly. The lamp burner should be discarded and
replaced when this irradiance cannot be achieved.

NOTE 2 The output of an adjusted lamp will decrease in intensity
over time.

ASTM D3424 [1] indicates that the average daily dose
of radiation energy received in Miami and Arizona

is 1 MJ/m? over the range 295 nm to 400 nm. An
irradiance of 550 W/m?2 over the wider range
specified earlier is equivalent to 60 W/m? over this
narrower range. Correspondingly in 1 h a radiation
dose of 220 kJ/m? will be emitted. Therefore the total
daily Miami radiation dose will be received by the
test specimen in less than 5 h. If it is also assumed
that Miami sunshine is four to five times more severe
than in Europe, then 1 h exposure at 550 W/m? is
equivalent to the average daily dose of radiation
energy in typical European sunshine.

This is not a very accurate statistic and it should
only be considered as a rule of thumb. More data
needs to be collected either by individuals or by the
textiles/plastics/rubber industries to relate exposure
time in a laboratory test to real life exposure.

NOTE 3 UV testing using lamp options span the range 295 nm
to 400 nm.

5 Humidity/temperature control

It has already been stated that temperature is an
important factor in any photochemical reaction that
will occur within the test specimen. Humidity is also
important, especially for the textile component of
the test specimen. In each case, the critical area is at
the test specimen itself. The temperature and
humidity of the test specimen chamber influence the
test but any measurements should be focused at the
surface of the test specimen.

Although the mercury vapour lamp light can be
made to resemble that of daylight, the test method
which utilizes this light source, BS 1006:1990,
Method UK-TN specifies quite simple apparatus.
Some account is made for humidity and temperature
control but not to a sufficient level for the method to
be regarded as a quantitative test. Indeed the method
states that it is intended for use as a quality control
test.

It is recommended that a red azoic dyed cotton cloth
is used to measure the “effective humidity”, as
defined in ISO 105-B02:1994, 4.1.3, and the apparatus
adjusted accordingly.

There is also a limit as to how accurately the
apparatus can control the humidity within the
chamber. Utilizing electronic control systems and
sensitive water dispersal systems the relative
humidity can be maintained at a given level within
a 12 % range. Using less sophisticated control
systems will broaden the range and increase the
inaccuracy of the humidity level within the test
chamber.

© BSI 11-1999




The instrument used to measure the temperature of
the test specimen is significant. Ideally, the
temperature at the surface of the specimen would be
measured directly but in reality the best that can be
achieved is to position a measurement device so that

it is exposed to the light source in the same manne

as the test specimen. Two types of thermometer are
commonly used in light fastness equipment: a
black-standard and a black-panel thermometer.
Differences in design means that typica.lly the

| 7

l)ld.LK-delel temperature indicated is s1gmncanuy iess

1nAlr_at Aand
than the black-standard temperature. Black-standard

H

devices approximate the temperature of dark test

specimens which have a low thermal conductivity.
Since coated fabrics are poor conductors of heat, it
is recommended that a black-standard thermometer
is used. In order to make the temperature
measurement more applicable to a range of

test specimens, a white-standard thermometer

should also be used. Both the black-standard an

white-standard thermometers are described

in BS 2782-5:Method 540D.

The commonly used ASTM G26 [2] recommends a
lack-panel temperature of 633 °C. The i

exposure conditions, both in terms i

mperature, will vary dpnpnrl n

temperatur endir
end-use. It is recommended that the exposure
conditions specified in ISO 105- B02.1994, clause 6
(see Table 1) are followed. This will enable normal
and exireme European conditions to be recreated as
well as facilitating meaningful comparisons with
American test results

P
'D

.
6 Post exposure testing

In addition to assessing the colour change of a test
specimen ma erial, it may be desirable to study th

surface texture or flexing re51stance.

When conducting physical tests, test specimens may

have to be reduced in size because of the geometric

limitations imposed by the testing apparatus. This

may mean that non-standard tests have to be carried
on #H ig

atin
out but in such a situation not

answers which are important, rather the change in
the relevant property. Therefore the physical test
should be performed using smaller test specimens
which have not been exposed to artificial light as

well as specimens which have been exposed to the

llth source. The procedures in BS 2782-5:

Method 552A:1981, clause 4 and
BS 2782-56: Method 552A: 1981, 5.2 are recommended.
It is recommended that the operation of the light

Annrmamndata fant cons ;e mo dle [

It does not seem that post e
frequently carried out but if pos
of particular concern and larger test specimens must
be accommodated, fluorescent UV apparatus can be
more versatile than typical xenon-arc machines.

) VN T D

Alteimatively, large scale xenon-arc machines are
e

xposure testing is
St exposure testing is
g o

1idorahly mara avnongiva

consiGeraniy more exXpensive

The principle of operation is that the blue wool
standards are exposed to the artiﬁcial light source

e

1sing grey

change has been detected the test specimen is
visually compared to the blue wool standards and
the colour fastness of the test specimen is reported
as being equal to one of the eight standards.

There are some variations in this technique which
can be used but they are susceptible to the same

a1 At oA
inherent problems which are compounding the

errors from two subjective and non-reproducible

el

measurement techniques. The method of using grejy

scales for visually assessing colour is well known
and frequently used but does not give very

repeatabie or reproducibie resuits, particuiariy when

ad ad
the assessments are not performed by experienced

l)'

personnel.

Two sources of error exist in the experimental
procedure. First, within the method of grey scale
assessment of the colour change of the test
specimen and second, within the subjective

comparison of the test specimen and the biue wool

S"nv\ltlnrr]n.

Table 1 — Recommended exposure conditions

Exposure condition Effective humidity

Blue wool rating of Black-standard temperature

humidity controi fabric

Europe: exireme Low
Europe: normal Moderate
Europe: extreme High
America Low

°C
6ito7 Maximum 65
5 Maximum 50
3 Maximum 45
6to7 63 £ 1 (black-panel)

(]




Ine wool standards have also been used

uc vYru DAL LACRR A

plastics and rubbers. Since there was a
need to expose these materials to the light source
for longer periods of time, a method of using a
number of blue wool standards in a sequential

. T § SR | A8

manner was uevel()peu HUWCVCI even Llltfll U.UUUL
wna aynroccad ahnnut the qnnhnahlhfv of the fabri

WdS CRAPITOOCU alUuy uit appialaiiaiily U Wit fanric

standard to plastic and rubber testing. Consequently
BS 2782-5:Method 540E does not recommend their
use.
Another problem is that the dyes used to produce
biue wool standards have been outlawed b
legislation. Work is under way to produce an
alternative set of printed pigment standards. This is
being carried out by Leeds University in association
with the Society of Dyers and Colourists but at this
time the standards are still at the development stage.
"""ne printed pigment standards are intended to be

nd in
ed in the same way as the blue wool standards but

not known whether they will be adopted by the
rubber and plastic industries.

It is concluded that the use of blue wool standards is
subject to several significant inaccuracies, especially
when used in conjunction with rubber and piastic
coated fabric.

!='> E)

8 Instrumental celour assessment
Instead of relying purely on visual assessment it is
possible to use instrumental techniques to quantify

the colour of an object. This is desirable since it
would lead to colours and colour changes being
more precisely measured and better differentiation

| S — ot wxrmiild ha svacoilhlag
between objects would be possible
The colour measurement system expresses colours
using three n lmpﬁc lca Pgorlecr hue, chroma and

qua.ntltles can be subsequently ca]culated.
There are two types of instrument available:
tristimulus colorimeters and spectropnotometers In

o Vimzalin mdnsn wxrulya ey v AnoavIin

gelleldl LEILLILDS, U.lﬁ COI0TINEer WOrKs DYy lllCdDLU.Hls
the reflectance of three distinet light sources from an

iT AT LA vl T MAVIELOLY SQuIces 2104

object whereas the spectrophotometer measures the
reflectance across the whole visible spectrum.

Recent advances in technology have meant that
portable hand-held spectrophotometers have become

re s ¥.3

availabie at relatively iow cost. This is a significan
n

o thav aro m
ause tney are more

than colorimeters.

The technology is still far from perfect because
different pieces of equipment can still give different
colour values for the same object. Calibration of the
devices is also critical. Even the same instrument, if

Anlihmatad AifF,
calibrated umerent‘y or using different calibration

unexposed areas of the test speCImen can be
expressed as numerical differences in hue, chroma
and Iightness or alternatively these values can be

.............. Af aathamatiaal fAasmanlan intn

LUllV‘c:lU::u, U_y wdy O1 hiaunemauiCa Tititiae, o

i 10
grey scale values (see BS EN ISO 105- A05).

5T staat Valltos POt B9 STRA N S LY

ble e of error —
differences between wsual and mstrumental grey
scale ratings. One of the points highlighted by the
questionnaire replies concerned problems
encountered in this area.

This creates another possible sou

9 Colour vision deficiency

9.1 General

Two people who view the same cobject, from the
same dir ecﬁn_.i u_n_der the same source of
1llummat10 may n percelve the object colour as

being the same. This is due to inherent differences in
human vision which exist between individuais. As
» s povg B

suc h, normal colour vision can only be defined by
using average characteristics of colour vision derived

from a representatlve population.

Consider the situation where a person (observer) is
asked to match a mixture of the three primary
colours (red, green and biue) with a reference light
or spectral colour.

Observers with normal colour vision will use a

vision

mixture of the three primaries to achieve a match
within accepted tolerances. An observer with
anomalous trichromacy will use the three primaries
but the perceived colour match will be outside the

&, ”
normal” tolerances. When nnly two of the pn‘ \aries

are used to achieve a match, a condition of
dichromacy is diagnosed. In both these cases, the
observer will perceive reds, greens and blues but
they will be different to those seen by normal

= .
observers. Therefore these observers are said to have

vision which is colour deficient. Whereas a person
with monochromatic vision would require only one
pn'mary colour to match the reference and would

see ODJECIS in shades OI grey The term colour-biind

ision will use a

lour v car inherited
or acquired. Wlthm Eur ope, appr mmately 8 A) of
men and 0.4 % of women have inherited colour vision
defects while around 2 % of the population have

acquired defects.
A detailed laboratory examination would require
sophisticated op cal instruments and a significant

Four categories of more simple, practical tests are
available and are described in 3.2 to 5.5.

9.Z Coiour matching tests
The principle of these tests is for the candidate t
Inatch a re nrep‘e licght wif an ad e primarv

51gn1ﬁcant the range of colours over which a match
is perceived and also the mid-point of the match. For
a given person, the test data will be compared to

that pertaining to average “normal” vision. In
addition to identifying the vision defects already
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highlight variations within nominally “normal” colour
vision. If the mid-point is displaced but the
magmtude of the colour range is normal, the

observer is classed as “deviant colour normal”. This

1 0, rm
applies to ﬂnproxmately 4% of normal observers. If

the mid-point is within tolerance but the range is
wider than normal, the observer is said to be “colour
weak” and this is true of around 20 % of the normal
colour vision population.

.3 Colour confusion tests

The most common type of test is of a

i i {Tchihara tacte hal
pseude-iscchromatic nature (Ishihara tests belo

this category). For these tests, the candidate loo
a page which contains some coloured designs.

Speciﬁc patterns within the design may be seen by
normai ooservers but not by peopie with colour

D

<&

in

I‘g in
ks

)
@
=

The test is designed to give a pnce/fml rating only

2210 WSL 15 KRTSIHA06G W0 52 g MRy .

The candidate is considered as having normal or
defective colour vision but with an uncertainty level
of around 19 %.

Another colour confusion

1nhat e e TY

dlbllUbUlllUuD UIU
pseudo-isochromatic. This is designed to differentiate
between severe colour deficients and observers with
normal vision or mild colour deficiencies. As such,

the test fails around 60 % of all colour deficients. The

oot e alon s, Ly .

Lt:bb can aiSo 51'\'6 an Hlu.l(,dLIUll Ul Llle nature ()l LIIB

st is the Farnsworth

N

ular ar gr es
ical resu ts is the
H test (FM 100 Hue). I
es but constant

n
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Q
Q
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Farnsworth-Muns:

utilizes 85 discs of
warma anAd 3ol o-.-.

Ll“uUllld. altu L 51 uit
rearrange to O minim
the discs.

A feature of the test is that the results are not judged
against an averaged standard. It can be used to
differentiate between normal colour vision and the

hut nat hatwera i
three specific types of deficiency but not between

anomalous trichromacy and dichromacy.

e by
I

1.
1 1 DOCIVEL I1
ize the colour difference between

9.5 Specialist tests

For some occupations classifying colour vision as
normal or defective is insufficient. It is more
appropriate to test whether colour vision

characteristics of the individual are suitable for the
ioh. Tests designed to renlicate a real work situation

Jcam be beneficial in these circumstances.

Other tests for unique properties include the colour
aptitude test from the Inter-Society Color Council
and the Burnham-Clark-Munsell memory test.

In the case of (dis)coiouration of textiles, good

el o nn'l 2
colour discrimination and representative colour

matching ability would be ideal attributes.

As stated earlier, there is an inherent variation
between people’s perception of colour. Therefore in
a situation where colour grading of a product is
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Aﬁ.ﬂu?c;ﬁe?fwtﬁeﬂ%JEQUSIflux}vﬁoi-am followed
ISO 105-B02 and all utilized blue wool.

It appears that very little consideration had been
given to the applicability of the ISO test method and
exposure standard to coated fabrics.

In most cases the humidity within the test chamber
was controlied aithough the techniques for achieving

thic sxrnwva ~xr R T ey | AtsEra S | ICRRUGIEI, Lo

this were evenly distributed between a humidity
meter, hair hvgrometer and humiditv control fabric

nelel, S0 DA AT SRR AllAitalAlyy LU Vs A,

The air temperature was considered less significant
with less than half the number of companies carrying
out monitoring. Whereas most of the respondents
obtamed a measurement 01 the approxnnate surface

panel thermometer in n ar, every instan

deterrmmng lléht fastness Nevertheless some
companies did report problems with these
assessment techniques.

Comments were received from a small number of
companies who believed their testing apparatus gave
repeatable results, although no mention was made of
matenal in wear. One company which followed
BS 1006 found that when testing PVC (polyvinyl
chloride) coated fabric the correlation with in-situ

performance was poor.
Only a third of the respondents performed post

e

exposure testing, the properties tested being tensile
strength, flex resistance or abrasion resistance and

the standard light fas__es te St

no deviations fro
method were reported. Additionally, 10% of
companies performed visual assessment for signs of
damage after light fastness testing.

11 Overall recommendations

In order to assess the colour fastness of coated
fabrics to sunlight using an accelerated laboratory

%
&
B
s
o

od choul

d
Xenon-arc type as spe c1ﬁed in B
Method 540D, 4.1.
b) The temperature within the test chamber should

be monitored using a black-standard thermometer
and a white-standard thermometer as specified

(’\f tha

wic

be
S 2782-5:1995,

,— 1Nn0as 1 mAnTy

in BS 2782-5 1JY9, Method 04UL), 5.1.5.
c) The effective humidity within the test chamber
should be monitored using red azoic dyed cloth as
described in ISO 105-B02:1994, 4.1.3

© BSI 11-1999
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d) The relative humidity within the test chamber
should be controlled as accurately as possible. Tt

should be DZ)ss1ble to maintain a given relative
humidity level within a £2 % range.

e) The exposure conditions should be selected
from those detailed in ISO 105-B02:1994, clause 6.

f) The irradiance of the light source should
be 550 W/m# over the wavelength range 290 nm
to 800 nm and shouid be monitored using a

ct
&)
=
S w
=
- O

I

nide to testing tin that
exnosure to xenon-are light is eqmvalent to the
average daily dose of radiation energy received in
European sunshine.

NOTE More precise data needs to be collected to aid selection
of testing time.

ae

UV testing is an acceptable comparable test (ideal for polymer

degradation and strength loss evaluations) but recognizes the
limitations of wavelength (UV only) and humidity control.

h) The use of blue wool standards to determine
the exposure duration is not recommende

...... nwtrb ad migmant atandarda mn"b

finalized, printed pigment standards ma;
nnnhr-ah]p to use with coated fabrics. If blue wnn]

standards are used to grade the colour change o
the test specimen, the most accurate method is to
use a spectrophotometer to quantify the colour
change of the standards and the test specimen.
i) The colour change of the test specimen should

_ g o~ P |

De dbbebbeu ubmg a prLLfUpllUbUlllb’bCl anu

checked visually. If this is not possible grey scales

should be used to assess the colour change
(ISO 105-A02) but only by using the opinion of a
number of experienced personnel.

J) Colour assessors should be selected having
undergone tests to check for defective colour
vision. Ideal candidates shouid have good colour

Aianamiyminati A
discrimination and represe"lta* ve colour matchmg

ability.

Q..
3 =t
=
a
=

k) If additional tests need to be carried out to

assess changes in other properties of the test
material, the procedures in BS 2782-5:1981,
Method 552A, clause 4 and BS 2782-5:1981,
Method 552A, 5.2 should be followed.
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