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The application of colour physics to the measurement of

colour differences between production fots and colour

standards is the starting point for any quantitative study

of the technical and economic case for automating dyeing

processes. It is also of prirne importance in sustaining

automated processes. Its purposes are:

1. Derivation of limits of accuracy that must be achieved
for the successful outcome of any process

2. Assessment of the technical efficiency of a particular
plant

3. Provision of basic data on the economies that can be
achieved, and hence the amount of capital investment
that can be justified

4. Monitoring of dyeworks performance to provide a
convenient indication of the adjustments needed to
obtain maximum plant performance

5. Derivation of basic data for recipe prediction, and redip
and redye calculations

6. Provision of a self-correcting, self-learning capability
to allow a colour physics installation to be adapted
autornatically as circumstances and dyeing conditions
change.

INTRODUCTION

‘Mechanisation of an industrial process is the use of applied
technelogy to replace manual labour’ [1]. Total automation
is therefore the complete replacement of manual exertion
and dexterity by machines. This has been possible in pack-
age dyeing for several years. lts only justification is to
increase productivity and profitability.

The latest developments aim to replace the contributions
made by brain power and experience to industrial proces-
ses. Application to package dyeing and to many other col-
oration processes is now technically possible. It is based
upon the introduction of a self-correcting and self-learning
capability into a computerised dyeworks system. It repres-
ents the iatest application of colour physics to coloration
processes; it can be easily accommodated within an auto-
mated package-dyeing system, or within any other colora-
tion process, e.g. transfer printing; it is relativeiy simple to
apply and is cheap to install; it substantially reduces or
replaces the laboratory support that would otherwise be
required to sustain a colour physics installation. The soft-
ware for this latest colour physics development will shortly
be offered to industry. Because of its low cost and the
reduced laboratory support that is needed, this latest
development will facilitate the introduction of micro-
processor technology into smaller and medium-sized
companies.

The development is based upon the computer storage of
colour-difference measurements obtained from instru-
mental pass/fail assessment and the application of a novel

type of calculation to these data to derive the coefficients

that are needed for recipe prediction.

The principal advantages are the ability
1. To derive from bulk process data the fundamental

information needed for the application of colour phys-
ics, without involving preliminary laboratory dyeings

2. To eliminate the scaling-up problems associated with
the application of laboratory data to bulk processing
conditions.

3. To update automatically the recipe calculation coeffi-
cients as conditions change, e.g. dye affinity of sub-
strates, dyes, auxiliaries, dyeing conditions, time, temp-
erature and pH.

This new technique also allows the derivation of the
necessary calculation coefficients fram information given
in dye-makers’ pattern cards and so simplifies initial start-
up of colour physics application.

How this fits into the total dyeing situation and how it
affects automation will now be considered.

THE SIGNIFICANCE OF COLOUR-DIFFERENCE

MEASUREMENT

The starting point in this work is colour difference. Colour

differences arise because of variations that occur within

and between successive coloration operations. Colour-
matching tolerances are set up to control the colour of the
material that reaches the customer.

These colour-matching tolerances represent the per-
missible accumulated variation of factors throughout all
the manufacturing processes that affect the colour result-
ing from the dyeing process. From analyses of that kind,
limits of accuracy for each step, from the raw material
through each stage of the manufacture of the product, have
been calculated [2—4]. These are the prime prerequisites if
blind dyeing is to be achieved; this is absolutely essential if
full automation is contemplated [5].

Other essential requirements for successful automation
are as follows.

1. The standardisation of dye selection and of application
methods to achieve the shortest possible process times
compatible with quality; this allows the operations that
make up the dyeing process to be quantified.

2. An adequate recipe-preparation service to provide
recipes that can be used directly in buik processing with
a success rate sufficiently high to eliminate the need for
check laboratory dyeings, and also that give colours that
are level and well penetrated into the substrate.

3. Asystem that can calculate the procedure to be followed
to correct any dyeing outside the prescribed tolerance,
or to redye to a different colour if required. Such unfor-
tunate cccurrences do arise from time to time due to
mechanical failure or interruption in the electricity sup-
ply.

All three requirements can be fulfilied accurately and
speedily only by the application of colour physics using a
suitable reflectance spectrophotometer and computer.
Thus colour physics provides the means of analysing the
performance of a dyeing installation and deriving the
essential data needed to evaluate the overall efficiency of a
process and how that process should be improved. From
these data the economics of the necessary changes can be
calculated.
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Cowan [1] has discussed at length the reasons for auto-
mation and the economic case that has to be satisfied. He
emphasised also that the total work content involved in a
dyeworks must be examined and rearranged if full
ecohomic benefit is to be obtained from automation. In his
words, ‘It may be argued that all these factors apply to
manual dyeing with as much force as to automated dyeing
and manual dyeing would undoubtedly benefit from a gen-
eral improvement in these factors.” But, he added that ‘In
manual dyeing, however, these factors are less critical in
the sense that workers and systems can adapt to inferior
conditions or control. On the other hand, automated sys-
tems available today (1978) lack the ability to adapt and
high degrees of consistency and simplicity are prerequis-
ites of success.’

It is precisely that capability to adapt to daily changes in
circumstances that the latest colour physics development
makes possible.

The availability of a computer also permits much of the
administrative work of a dyeworks to be done automati-
cally, such as:

(a) Calculation and print out of the details of quantities of
dyes, auxiliary chemicals and dyeing conditions

(b} Stock control of dyes and auxiliary chemicals

{c) Control of textile stocks

{d) Wages calculation

{e) Cost controi analysis

{f) Colour matching, including decisions on passing or
rejecting dyed lots; if rejection is indicated, the required
corrective procedures are provided.

The computerisation of ail of these administrative and
technical aspects inevitably reduces the number of staff of
all grades required to operate a plant. This in turn necessi-
tates a complete replanning of the departmental organisa-
tion with the computer/spectrophotometer at the heart of
the new system (see Figure 1).

The essential elements that have to be taken into account
when planning a modern automated dyeworks have been
discussed by Squire [6, 7] and by Gailey [5]. These include
choice of machinery, design of building, provision of ser-
vices, derivation of limits of accuracy that must be met,
quality control of process materials, and choice of plant and
process control equipment.

The hardware for automated dyeing has been available
for purchase ‘off the shelf’ since the 1960s. Similarly, since
1981 it has been possible to buy the necessary equipment
for automatic dispensing of dyes and chemicals.

Accurate measurements and correct interpretation of the
results are of prime importance to the successful develop-
ment of automation. Single-number shade passing is ‘the
key’ element in that interpretation, but it is only in the last
few years that satisfactory correlations of instrumental
measurement with visual assessment of colour difference
have been estabiished and published [8].

The importance of colour measurement in the applica-
tion of modern dyeing technology is shown in Figure 1.
That diagram also indicates the key role of colour-
difference measurement in coloration operations. The pre-
paration and presentation of samples for measurement is
of prime importance as is also the reproducibility and abso-
lute accuracy of the spectrophotometer.

Colour measurement

Dye
ranging

Dye Dye Dye
Fastness test Colour space mapping selection combination
assessment
Shade matching
tolerance Colour difference Redye
AF, or JPC 79 calcutation
Recipe Computer
. diction recipe file ™)
Limits of Pass/f pre
accuracy ass/fail
Computerised technical control
Redye drugline Drugline
Computerised administration
Perfarmance Standard cost/Excess cost
record Actuat cost/Excess cost
Drug store Dye & drug
Fundamental waeight recording store record
theories of
dyeing l
Dye & drug
recording
Recipe file
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Figure 1 — Modern dyeing craft using a reflectance spectrophotormeter and a computer with disc storage
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Many of the links in the network shown in Figure 1 have
been the subject of papers and lectures given by members
of J & P Coats Research Laboratcries. The aspect that has
probably been stressed least is 'recipe file updating’, yet
this is an area of activity that is worth closer inspection. itis
likely to be the area in which real industrial progress will be
made, and which will facilitate the introduction of micro-
processor technology intoc small and medium-sized com-
panies; is also an area that may be of some interest to
academics.

RECIPE FILE UPDATING

The accuracy of a dyeing recipe can be quantified by
measuring the magnitude and the direction in colour space
of the distance between the target colour and that actually
obtained. The accuracy of application of a recipe is deter-
mined by examination of the scatter in colour space of the
colours of repeat dyeings produced with it.

On examining the accuracy of filed recipes it is found that
the closeness of colour match deteriorates with the pas-
sage of time. This applies to recipes predicted manually
and by computer, and is due to the information on which
these recipes were based becoming progressively less rep-
resentative of current situations.

At any given time, the colour differences that are found
between target and actual colour are compounded of
— Dye application errors
- Variation in the dye affinity of the fibre
— Instrumental measurement errors
— Prediction errors associated with the particular

mathematical models used to relate dye in dyebath, dye

on fibre and reflectance characteristics of the undyed and
dyed material.

if these variables are independent of each other, then:
AF e ={AF 2-+AE 2+ AE 2+ | AE )

Applying that relationship to dyeings on polyester it is
found that

AF, ANLAB(50)
Total colour difference {AE) - 1.3
Dyeing application errars (AF,) - 0.8
Colour measurement errors{A£,) - 0.3
Prediction errors {AE,) - 1.0

Treating prediction errors in a similar manner yields

AE, ANLAB{50}
Total prediction errors (AF,) - 1.0
Absorption coefficient errors{AF,) - 0.85
Mathematical model errors(A£,) — 0.5

Absorption coefficient errors of 0.85 A£, ANLAB(50) units
are due to dye application errors of 0.8 AF, ANLAB(50) units
plus instrumental measurement errors of 0.3 AF,
ANLAB(50). This simple analysis indicates where the great-
est improvements in recipe prediction and application are
to be obtained.

The colours obtained when a dyeing is repeated a
number of times can be represented as a scatter of pointsin
a three-dimensional colour space, the average for each
colour being offset from its target in a specific direction and
amountin that colour space. Both the magnitude and direc-
tion of these displacements are dependent upon the loca-
tion of the colours in colour space (Figure 2). The accuracy
in the location of the colours are, of course, dependent
upon the accuracy of the average of the measurements of
the target specimens.
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Figure 2 — Typical plane in ANLAB(50) colour space show-
Ing location of Jocation of target colours and colours actu-
ally obtained (J=32}

The directional effect and the magnitude of the difference
between target colour and actual colour {Figure 2) seem to
be mainly dependent upon the position of the target colour
in colour space, rather than upon the particular dye combi-
nation used in the recipe (Figure 3) because the pattern of
directional effects shown in Figure 2 does not correspond
with the positional pattern of dyes given in Figure 3, Figures
2 and 3 represent planes in ANLAB(50) colour space.

The extent of the scatter of the colour of repeat dyeings,
however, is dependent upon the combination of dyes that
are chosen for each recipe or groups of recipes. The scatter
is approximately twice as great if primary colours are used
to formulate recipes compared with a combination of dyes
that are much closer to each other in colour [9].

In an industrial situation where hundreds of lots are dyed
in a single week and the range of colours produced is wide,
a large amount of data on colour differences becomes
available. Such information can be used in several ways.

Performance Index

A cumulative-frequency distribution diagram of the data
immediately shows whether or not the dyeworks’ perfor-
mance is satisfactory. It also shows the amount by which
the performance has to be improved to provide a satisfac-
tory base for automation.

Redye Evaluation

If a dyed lot is failed because the colour difference between
the target and the dyeing is unacceptable, the measured
colour difference becomes the basis for calculating the
conditions necessary for redyeing of the material.

This calculation is based upon a thermodynamic treat-
ment of dyeing equilibrium. It takes account of the situation
that arises when dyed material is placed in a fresh dyebath
and a redistribution of dye already present on the textile
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A — Nylomine Green C-3G (IC|, C.l. Acid Green 28)

B - Telon Fast Blue A3GL (BAY, C.. Acid Blue 290)

C - Acidol Olive M=BLG (BASF, C.I. Acid Green 115)

D - Procilan Navy R (IC!, C.1. Reactive Blue 60)

£ —lrganol Brilliant Blue RSL (CGY, C.l. Acid Blue 225)
F — Nylomine Yellow C-8G {ICl, C.I. Reactive Yellow 98)
G - Avilon Dark Brown BRL-W (CGY, C.I. Acid Brown 289)
H — Erionyl Brilliant Violet BL (CGY, C.I. Acid Violet 48)
| —irgalan Violet RL {CGY, C.l. Acid Violet 68)

J —Procilan Yellow 2G {ICI, C.I. Reactive Yellow 34)

K - Irganol Red RLS (CGY, C.I. Acid 260}

L —Procilan Red G {ICl, C.I. Reactive Red 72)

M — Procilan Orange R {ICl, C.1. Reactive Orange 26)

N — Erionyl Red RL (CGY, C.I. Acid Red 74}

0O — Nylomine Orange C-2R {ICI, C.I. Acid Orange 33)

J=0.5f, P=200+0.5a, C=, +0.5b, where L, a, b, =Adams chromatic value
colour space coordinates; this transformation from L, a btod P, Cismade
to render all colour space coordinates positive

Figure 3 — Dye atlas (J planes<34)

and that which is in solution takes place. The calculation
can be extended to derive the conditions needed to estab-
lish the desired equilibrium, i.e. that in which the correct
quantity of dye is on the fibre at the end of the redye
procedure.

In this calculation, it is assumed that the colour difference
between standard and dyed lot is due to errors that have

occurred in the execution of the dyeing operation and notto
error in recipe prediction. This is obviously a fallacious
assumption, but the calculation provides a sufficiently
accurate correction procedure that has been confirmed in
laboratory, pilot-plant and bulk dyeing operations. These
findings have been published previously {10].

Recipe Correction
In this case, the colour difference between the standard and
the dyed lot is used to calculate the changes required in the
concentration of dyes in the initial recipe. The concentra-
tion of each dye in the original dye formulation is then
amended accordingly and the new recipe is used to dye the
next lot.

This calculation uses the assumption that the error is a
recipe-prediction error. This assumption is exactly the
opposite to that made for the redye calculation!

Recipe-prediction Improvement

It is now possible to use colour-difference data to improve
the relationships between dye concentration and spectral
reflectance from which recipes are calculated. It is also
possible to use the colour-difference data to amend the
Kubelka—Munk or Chandrasekar radiative-transfer theory
functions.

Similarly, the same data can be used to modify the par-
ticular thermodynamic model, e.g. Langmuir isotherm,
Nernst isotherm, Donnan membrane equilibrium, etc., that
relates dye in the dyebath with dye on the fibre.

It also is possible to share the data among all three
options and progressively optimise the situation.

By combining recipe-correction and recipe-prediction
improvements, a means has been created by which the
dyeing process is progressively improved out of daily
experiences. It is a heuristic programme (i.e. one that pro-
ceeds by trial and error), one that imparts a self-correcting,
self-iearning capability to a dyeworks system. These inter-
esting developments are now being made commercially
available to the coloration industry. This latest develop-
ment reduces the need for major laboratory facilities to
support a colour physics installation and eliminates the
scaling-up problem when transposing from laboratory to
butk-scale operation.
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