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This paper describes a computer-controlled
dyehouse* which was installed at Messrs
Giitermann & Co. Ltd in 1969 and
which has been running since that time,
and reports on personal practical
experience.

The substrate, its dyeing properties
and the importance of these properties
remaining constant are described. Sub-
sequently, the dye and its inherent
variations in strength are considered.
Available types of energy and the con-
tinuity of their supply, as well as the
magnitude of energy savings, are discussed.
Included is a survey of machines and
plants with comments on the material
used, their wear and tear, and the cost of
maintenance, Finally, the paper discusses
colour measurement as a means of assess-
ing satisfactory dyeings and at the very
end comments on the main subject of
automation — its effect on human beings.

*This is an on-line-system with DDC for batch
processes without back-up.
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The Substrate

Giitermann & Co. Ltd are dyers of
continuous filament polyester, polyester
spun on the schappe-spinning process,
texturized continuous filament polyester,
texturized continuous filament nylon,
continuous filament silk and silk spun on
the schappe-spinning process. All these
threads are twisted relatively hard in view
of their subsequent use as sewing threads.
The extremely high stretching of the fibre
caused by the stretch breaking of the
polyester tow as well as the stabilizing
process (hot air at 190°C), which are
essential for the manufacture of sewing
threads, result in extremely poor dyeing
characteristics. Many standard recommen-
dations by dye suppliers cannot be used
on these threads.

Whereas synthetic-polymer fibres are
dyed on spools of approximately 1-kg
weight, either on flexible cylindrical
spools or on rigid conical dyeing spools,
Guitermann dye silk in hank form only.
So far no success has been achieved in
avoiding the bends arising during winding,
dyeing and drying or in eliminating
them during subsequent treatment thereby
allowing the silk to be dyed on spools.
The problem with continucus silk and its
decrease in volume during degumming
cannot be solved at all. There is also an
economic reason, however, why the dye-
ing of silk on cross-cop dyeing machines
has not been pursued any further —
because of the high value of the material,
extremely small dyelots (as low as 0.5 kg)
are required. Cross-cop dyeing machines
of this size are extremely expensive, and
hank-dyeing machines are more flexible.
For the same economic considerations
the silk dyeing machines were not
connected to the computer control.

When starting with the planning of
the computer-controlled dyehouse
(approximately 10 years ago), the prob-
lem of variations in substrate properties
was a major obstacle. A completely
closed control cycle could only be estab-
lished if during the entire development of
the dyeing the colour development could
be checked constantly or periodically,
and compared with a set standard.
Depending on the deviation, the para-
meters concerned (e.g. temperature gradi-
ent, pH value, flow, etc.) would have to

be changed. At that time the technique of
colour measuring in aqueous media of
different pH values at temperatures of
130°C and corresponding pressure had
not been mastered. In addition, the
knowledge of dyeing processes on poly-
ester fibre was so small that in the case of
deviations no definite rules for action
were known. It was decided, therefore, to
continue with the plan to build on a
simple control which, of course, assumed
that the parameter ‘substrate’ remains
constant. A similar demand would have
to be made later in the case of auxiliary
chemicals and dyes.

In the spinning and twisting mill the
fibre raw material is mixed to a consider-
able degree so that only a very consider-
able variation in the material supplied by
the fibre producer will have an influence
in the dyehouse. However, such effects
can be recognized and they can be elimin-
ated to some extent by using the same
supplier. Any price advantage must there-
fore be considerable before changing the
proven brand. Such consistency is not
only desirable because of the computer-
controlled dyehouse, but also because of
other product properties, such as break-
ing strength, lustre, breaking extension,
etc. However, if a change is decided upon,
process control facilitates changes in
processes and recipes, since once entered
they are applied to all dyeing machines
and all dyeing processes. A lengthy
retraining of the operators is not
necessary. Furthermore the supplier
recognizes the requirements and provides
each delivery with a batch number. As
soon as the batch number changes it is
known that the material concerned has to
be processed and stored separately
in the dyehouse.

Hot air stabilizing of the fibres proved
to be expensive. This, too, was not just
due to requirements by the computer-
controlled dyehouse, but also to ensure
evenness within the product. The stabiliz-
ing units are controlled for evenness by
means of a system of several temperature
sensors with PID temperature control.
The senasors control each other.

As mentioned above, goods with
different properties or from different
spinning mills are stored separately — the
total demand for raw twisted thread is



not obtained from Glitermanns own
spinning mill, but bought from outside. A
commercial processor (IBM 370/115)
controls these stocks and gives instruc-
tions to the operators as to which
material to use for a particular colour.

Dye Recipes

These are calcujated on a colour-measur-
ing instrument with an evaluating unit of
the type DataColor. Owing to the very
crystalline nature of polyester material,
extremely high concentrations of dye are
necessary for obtaining the deep colours
often demanded in the clothing industry.
The recipes, calculated for 1 kg of subst-
rate, are stored in a commercial unit.
When calculating a dyeing order, these
recipes are obtained from the computer,
multiplied by the substrate quantity
required and in this way the actual dyeing
recipe for any specific dyeing batch is
calculated. Naturally there are dyeing
recipes for dyeings with special fastness

requirements  which are also stored
separately. In total the file of the
commercial unit contains about 4000

basic recipes.

Here, too, the desire for a dye change
is not very greal. By means of the
DataColor instrument and its evaluating
unit, a recipe change can be calculated
relatively easily, but the prudent dyer will
first make a trial dyeing with each calcu-
lated recipe, especially those which may
involve a considerzble expense. When
establishing the strengths, the dye appli-
cation can be determined according to
different dyeing processes so that the
recipe calculation results in even more
diverse possibilities. Approximately 50
different dyeing processes are at present
stored in the computer.

The question of consistency of dye
strength has, of course, been a major
problem. Some dye suppliers show con-
sistent dye standarization whereas others
show inconsistency in this respect. This
has been confirmed by the “Goods-In”
controls. However, experience has shown
that after a few complaints — after the
supplier had been informed that a
“Goods-in” control takes place — the
consistency in  strengths improved
considerably! Those companies whose
consistency did not improve were exclu-
ded from the group of suppliers.

Goods-in control of dyes and auxili-
ary chemicals is not simple and can be
quite expensive if it is to be carried out
with the accuracy and care required. A
trial dyeing with the dye may resuit in

the inaccuracies of the laboratory dyeing
machine being reflected in the test.

Energy Savings

In recent years savings in energy have
become very topical. If the water necess-
ary for dyeing and also the removal of the
effluent in the textile industry are regar-
ded as energy demanding processes, the
dyer can claim that he has been energy-
conscious for much longer than may be
realized. During the planning of the
computer control, the different types of
energy, as well as the amount required,
soon became apparent.

TABLE 1

Fresh Warer
Cold

Hot 80°C
Waste Water

Average Temperature 40°C
Cooled to 35°C

Consumption
1.4 m? fkg of thread

FRESH WATER

The quality of fresh water has a consider-
able influence on the quality of dyeing.
Gilitermann were lucky insofar as they
have had for centuries the right to draw
water out of a river. Depending on the
time of the year, this surface water carries
many floating particles and requires
thorough cleaning. Flocculation is carried
out with aluminium sulphate, the pH
value is stabilized and the water is subse-
quently filtered. In this way relatively
standard quality water is obtained.
Softening of the water is unnecessary in
the Black Forest as it only has a hardness
of about 2°.

The water is used both for dyeing and
for cooling the high-temperature dyeing
machines hefore opening as well as for
cooling the dry air in the centrifugal
dryers. During this process the tempera-
ture of the water is raised to 80°C and is
then used as warm water for dyeing.

EFFLUENT

The effluent, with an average temperature
of 40°C, is first collected in a container
and is then cooled to a maximum temp-
erature of 35°C by means of a tempera-
ture control and an evaporating cooler.
The effluent is then pumped into a
second container and brought to a neutral
pH with carbonic acid or lime. The

treated water is then released into the
municipal water system. It is likely that
discharge fees will be so high in the next
few years that plans have already been
prepared for partial recycling of the
water.
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Figure 1 — Water consumption

A marked reduction in water con-
sumption became possible by computer
control. Consumption per kilo of thread
dyed was reduced from ca 0.6 cubic
metres of water to 0.14 cubic metres.
Naturally, these results were very pleas-
ing.

TABLE 2

Compressed Air

for impulsion 8 Bar
for controlling
pressure dryer 1.5 Bar

Consumption
0.5 m? /kg of thread

COMPRESSED AIR
Apart from a few exceptions all valves are
operated by compressed air. The stop
valves work at a pressure of 8 bar, all
controi valves are operated using the
internationally-accepted pressure of 1.5
bar. Larger quantities of air are required
whenever the pressure dryers are filled.
Compressed air is supplied from a
central compressor station in the factory.
In order to cover peak requirements at
any time, a compressed air reservoir of 20
m® /8 bar has been installed. This gives a
direct supply of so-called ‘operating air’
to the valves and driers. There is a specia}
line for the control valves which is
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supplied with 1.5 bar from the adapted
pressure reducer.

In this instance, exact consumption
figures cannot be given since the total
amount of air consumed is measured and
not specifically that for the dyehouse.
The consumption is estimated to be
approximately 0.5 Nm’/kg of dyed
thread.

TABLE 3

Heat Energy

Advance flow 180°C overheated water
Return flow 140°C

135°C overheated water
105°C

Advance flow
Return flow

Direct steam

Consumption
54.4 x 10% joules/kg of thread

HEAT
Heat energy is supplied via two systems:
The main system is one of hot water
with inlet and outlet temperatures of
180°C and 140°C, respectively. Even if
the heat transmission from the water to
the heating pipes is not quite so good and
even if the installation of a closed circular
system is more expensive than direct
steam, this system is preferable and has
proved successful for a decade. It can be
controlled more easily, has low heat
losses, nno condensate loss, no corrosion in
steam and condensate networks and
entails minimum expenditure on main-
tenance.

ELECTRICAL ENERGY

Electricity is gencrated in the factory’s
turbine which makes use of high pressure
steam. The power for the above-
mentioned heating system of 180°C has
to be taken from an intermediate level.
However, this heat energy is not needed
for the dryers. Therefore, the heat energy
for the second heating system is taken
from a further turbine level and inlet
water at 135°C with outlet water of up to
105°C is obtained.

A total heat energy of ~13 x 10°
keal = 54.4 x 10* joules per kg of dyed
thread is required. However, it should be
noted that this includes the heating of the
building as well as the operation of the
various air-conditioning plants.

Pumps are operated by a 500-V three-
phase current, the smaller equipment
with 380 volts, the lighting with 220 volts

80 JSDC March 1979

TABLE 4
Electrical Energy
for drive 500-V, three-phase
current
or 380-v
for lighting 220V AC
for emergency lighting 110V DC
Consumpiion
2 kWh/kg of thread

and the emergency lights with a 110-V
direct current. Power consumption is
approximately 2 kWh/kg of thread.

During the planning, the question of
whether an emergency generator would
be necessary or advisable was examined.
The following facts were considered:

The power network has relatively
many failures, owing to the geograph-
ical position. Thunderstorms in the
summer and snow in the winter lead
to short power failures as well as to
cuts of up to several hours in extreme
cases.

How would the computer
(CPU), computer print-out unit, peri-
pherals, electronics and processor
react to these power cuts? Would the
computer lose its “memory”™? What
would happen to the dye batches
after short or more prolonged stopp-
ages of the unit?

Having considered all these influences
the following solution was reached:

The total system does not react to
power failures of less than 8 ms. After
8 ms the computer switches over to
battery. If after 1.5 seconds the
power has not returned, the computer
separates the electronics from the
CPU. All valves go mechanically
(through spring pressure) into the
closing position. The computer
remains connected to the battery
until 10 minutes have elapsed. Should
power return within this period, a
two-stage re-starting program s
automatically activated and the pro-
cess starts running again. If the failure
is longer than 10 minutes, the compu-
ter switches itself off automatically.
It has to be switched on again after
the power has returned. As in the
previous case, it will ensure an auto-
matic re-start of operation after a
two-stage re-starting program.

In this situation the supervisor in the
dyehouse has to decide whether he can

let all batches continuve. Should this not
be the case with individual batches —
which are in a critical phase — automatic
programs can be initiated manually so as
to complete the process.

This raises the question of the emer-
gency generator. It is not necessary to
keep the computer going because after
ten minutes it switches off in such a way
that it can be readily re-started, and
because the dyeing machines as well as
the total energy supply are arrested dur-
ing a power failure anyway. The data is
thereby preserved. An emergency genera-
tor would only be advisable if frequent
interruptions occur which last several
hours or days and which would bring the
factory to a standstill so endangerng
completion of the production pro-
gramme. In that case, the emergency
generator would have an output of
magnitude of 1 MW. This, however, has
nothing to do with the special case of the
computer in use.

The overall situation was improved
decisively by installing an internal power
supply. When power cuts occur in the
public supply network, the internal
supply is switched on and only connected
back in parallel when the failure in the
public network has been eliminated. Asa
result of this, power cuts no longer affect
the dyehouse.

The central processor has a facility
for levelling the peak energy demand.
Each process is subdivided by several
stopping points. Before the system allows
a dyeing machine to enter into the next
process step, the system checks whether,
during this period, a bottleneck in energy
with regard to water, electricity or heat is
to be expected. If this is indicated, the
start of the next process step is delayed
until the peak demand has fallen off. This
facility is available but has not yet been
used in the factory as the planners, in
spite of being aware of this energy levell-
ing facility, have designed pipes, pumps
and supplies in such capacities that the
peaks have not yet been reached. It is
only in rare cases that the peak in each
case has been defined. Depending on the
supply position, the desired synchronism
factor can be entered.

Plant and Machinery

This and the data processing unit have to
be classed together. When choosing the
equipment, consideration was not only
given to the price but also to whether the
supplier was able to supply the computer
hardware as well as the software and all



regulating and control units. The inten-
tion was to avoid standing between two
quarrelling parties when starting off the
dyehouse. If the equipment had not
worked properly, the computer supplier
would have blamed the company install-
ing the control units and vice versa. At
that time there were only two companies
able and willing to take on this responsi-
bility — Foxboro and Siemens. Apart
from the fact that Siemens tendered a
lower price, they also offered the advan-
tage of geographical proximity and the
same language. It was therefore decided
to instal the Siemens plant. The dyehouse
has been running for 8 years, supported
by one computer. The worries that there
would be no ‘back-up’ have proved to be
unfounded.

With an average availability level of
99.9% per annum for the last 5 years, the
plant has proved to be completely satis-
factory.One of the original fears, that had
been discussed during planning, was con-
firmed after the plant had been put into
operation, i.e. that after one year none of
the dyers would be in a position to
control the dyehouse manually. The
decision not to instal a control panel
therefore had been justified. This point
will be discussed later.

The dyeing machines comprise partly
new units and partly old dyeing
machines. The latter appear to have no
disadvantages. Stainless steel is used for
all parts which come into contact with
the dyebath. However, the dye-feed pipes
from the dye mixer funnel to the dyeing
machine or the preparation vessel are
made of glass in order to make it
easier to check cleanliness. Stainless steel
and glass have proved successful; expendi-
ture on replacement is minimal. The cold
water feed pipes that run outside the
building are made from plastic. Because
of the difficuit joints at branches and
flanges, required inside the building,
stainless steel is used. The water-heating
pipes are made of normal steel.

For maintenance a ““fault schedule” is
used, which the computer prints out
daily. This schedule registers all devia-
tions of actual values from target values.
For each program the deviations are
classified into ‘serious’ and ‘less serious’.
In the case of serious deviations, the
process is stopped at the next stopping
point. This stop can only be released by
the operators. The less serious deviations
are registered, but they do not lead to an
interruption of the process. On the subse-
quent day the maintenance team is able

to establish which parts of the plant are
defective by means of the fault schedule.
Frequently the component of the plant
keeps working until the dyeing is comp-
leted and the machines can be shut down
within the normal cycle. The faulty part
is replaced and 2 breakdown during dye-
ing is avoided. This kind of preventive
maintenance costs Giitermann 6p per
kilogram of thread dyed, including outside
costs and the indirect costs of the main-
tenance department.

The building which housed the plant
should now be considered. A smooth
work process necessitates suitable layout
of energy supply, pumps, dyeing
machines, dye stocks, dye mixing area
and connecting pipes from dye mixing
area to the machines. Here Giitermann
decided on building an outer protective
shell to the original dyehouse. It was not
possible to create optimum conditions in
the existing building.

Colour Measurement
When assessing whether or not a system
works well, unbiased standards must be
used. Data on energy consumption, the
number of man-hours required, the
amount of capital invested, etc. are fixed
factors. The question of how many re-
dyeings are made on average can lead to
misunderstandings and possibly disguise
true figures. A particular difficulty is the
question of whether a dyeing corresponds
to the pattern. The view is held that no
help can be obtained from an artificial
daylight lamp or from a great number of
observers; the solution les in instru-
mental colour measurement. The colour-
measuring instrument, DataColor, has
already been mentioned. At the time of
purchase, this was certainly the most
efficient at its kind. It is used to measure
the colour difference at the first match-
ing. For each dyeing, tolerance cards have
been made up. On these cards fluctua-
tions in saturation and colour are shown
in a system of coordinates, and the
lightness in another system of coordin-
ates. This colour-matching system alone
has saved many re-dyeings. Experience
has shown that that the dyer examining
the dyeing thought one or two correc-
tions to be necessary and often passed the
batch as being sufficiently accurate,
although at that time the colour differ-
ence was larger than before the attempt
to improve it.

The colour-measuring instrument is
used to calculate the corrective measures
necessary. This is a lengthy undertaking

and is not always reliable. However, to
improve the correction method is second-
ary as the main aim is to eliminate

re-dyeings.
Finally, the instrument is used to
calculated the recipe. However, the

evaluating unit with a 16-k core memory
is so small and, as a consequence, so slow
that it is not practical to calculate with it.
For this reason and to increase reliability,
it was decided to instal a second
colour-measuring instrument and to use it
for checking the tolerances, The new
instrument  has only a simplified
evaluating unit and is correspondingly
cheaper. With regard to reliability, it was
necessary to take into account the fact
that, after the dyer has become
accustomed to colour matching, he would
no longer be in a position to match
dyeings with adequate accuracy. Should
one of the instruments fail, therefore, the
other one could be used for the entire
production.

The Effect of Automation on the Human
Being

The most important and the most diffi-
cult problem with automation is its effect
on personnel. The difficulty is not only
the fact that the computer replaces
human labour and that redundancies are a
consequence -of its installation, but also
the effect it has on the position of the
skilled craftsman. Giitermann were able
to reduce the number of employees in the
dyehouse from ca 80 to ca 40 by install-
ing the computer system. This was not
particularly difficult as the plant was
installed during a time of full employ-
ment and the fluctuations in the factory
were so large that direct dismissals did
not have to be made.

The qualifications of those working in
the plant have changed. The dyer is now
only needed in the laboratory. Service
workers are needed for loading or empty-
ing, for preparing the dye, or for cleaning.

As mentioned earlier, the aim of the
computer-controlled dyehouse is the
production of a satisfactory and accurate
dyeing at the first attempt. The tradi-
tional dyer considers this work to be
boring. His specialized knowledge and
skill will only be utilized when he starts
to improve the dyeing after the first
colour matching. For him the recipe is
not the essential point of the dyeing, but
only an aid towards it. Nobody recog-
nizes that all actions by the computer
have to be thought out and planned by an
expert in advance. Everyone only sees the
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machine and is convinced that he knows
better than the machine. For him every
case is a special case which must be dealt
with individually. From discussions that
have taken place in the UK, there seem to
be similar difficulties when introducing
computer systems, ie. the team was
replaced by people from other profes-
sions which led to success. The same
situation exists at Giitermann, who are
using the best experts either in the
laboratory or for silk dyeing, and only
semi-skilled workers work with the comp-
uter. Nevertheless, a constant struggle is
being conducted for the correct use of
the system. A commercial computer,
which is only used as a printer or a
processing unit, which only opens or
closes valves, is uneconomical.

However, it must be remembered that
the constant observation of human act-
ivity by some equipment will lead to a
feeling of “big brother watches you™.
Special motivation is needed, therefore,
to persuade people that the computer is
in their power and to encourage them to
regard it as “their” tool.

Finally, there is the question of the
great number of human errors which are
avoided. The realization that some faulty
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dyeings are not a result of technical
causes, but are due to human failures has
been and is still growing. If an employee
knowingly makes a mistake and reports
it, the damage can often be repaired. If he
does not report it — perhaps for fear of
disciplinary action — the damage can be
considerable.

But how often are mistakes made
unknowingly and then later it is claimed
that everything has been done correctly?
In this case process control is an aid of
the utmost importance.

On the other hand, it must be realized
that the development in the field of
textile finishing is advancing so fast that
strictly speaking no time is left to gather
experience. However, in order to translate
scientific knowledge into practice, a
central computer is particularly suitable.
Once a program has been entered, it can
be used with each dyeing machine and for
each process required. After 8 years of
experience with a computer-controlled
dyehouse, it becomes hard to imagine a
dyehouse without this aid — the only
answer to the question, “Would you
undertake this installation again?” would
be, “Today more than ever”.

DISCUSSION

Dr R. G. Nelson: I[s the computer-
operated system linked to the weighing
equipment in the dispensary?

Mr Kraske: Yes, all weighing machines are
linked to the computer-operated system.
The operator adjusts the code to the dye
he is weighing and to the numbers of the
dyeing apparatus. After agitating the dye,
he presses a button. If the weight and all
other details are correct, a green light
flashes. If the weight is incorrect a red
light flashes. He must then rectify the
weighings. All weighings (right or wrong)
are noted with the operator’s works
number in order ta check his progress.

Mr D. G. Evans: How many machines are
controlled by the computer, and what are
their capacities?

Mr Kraske: Twelve machines in total are
controlled by the computer, their capa-
cities being 2 x 20 kg, 2 x 50 kg, 2 x
100 kg, 3 x 200 kg and 3 driers.



