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This paper describes the application of computer control in
the industry of batch dyeing, and relates facilities offered by
a computer system to the requirements of the dyeing process.
The facilities described range from basic dye cycle control
to the monitoring and control of chemical and material
weighing. However, this is not intended to imply that all the
facilities are suitable for every plant. Fach facility must be
evaluated in relation to the operating requirements of an
individual plant, and a selection made based on return
against invested capital.

Introduction
Amid the growing pressure in most process manufacturing
industries to improve productivity and utilize natural resources
more efficiently, there is also pressure to show a fast return on
invested capital, and the two are not normally complementary.

However, recent developments in computer technology,
particularly in relation to efficient high level programming
languages, are making it feasible to consider applying com-
puter control to relatively small production units, and show a
return within a 1- to 2-year period.

The modern computer system offers the power and
flexibility to be applied cost effectively, particularly in a batch
sequencing environment.

Objectives of a Batch Control System

Batch sequence control is a requirement of many process
industries. It also happens to be one of the applications where
an improvement in productivity/efficiency can be achieved by
applying the results of simple logical analysis. The use of a
computer system then offers the tool to implement the results
of this analysis.

More important perhaps is the fact that the returns
accrued from applying effective control are relatively easy to
quantify. For example, reducing the batch cycle time can be
equated to monetary savings in energy consumption and a
cost/hour saving in utilization of plant.

The generalized objectives of any batch control system can
be summarized as —
® Maintaining predictable control of resources such that

inefficient use of manpower and machinery, particularly

‘waiting time’, can be minimized. Predictable control is also

a pre-requisite to more effective and efficient scheduling of

resources.

e Providing the power and flexibility to develop more
efficient batch cycles and plant operating techniques and
thus reduce average cycle times.
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e Ultimately, to assist management in scheduling of resources
to achieve defined performance targets.

In the case of the automation of a dyehouse, improvements in
efficiency can be achieved by —

® Improving machine utilization;

® Greater repeatability of dyeing and reducing the number

of redyes,

®  Minimizing manpower requirements and reducing human
error;

e (ontinuously identifying and eliminating production
delays.

Probably the most important starting poiat is to obtain
accurate and repeatable control of the dye cycle itself. Using a
computer system allows new sequences and control techniques
to be developed which can themselves significantly reduce the
dye cycle time. The computer will then perform the dye cycle
control repeatedly, which allows more effective work
scheduling to be achieved.

In addition, accurate and repeatable control will eliminate
the need for corrective dye additions and significantly reduce
the number of redyes.

Once accurate control of the dye cycle has been achieved,
it is then necessary to improve the effectiveness of other
activities supporting the dyeing operation. Starting with the
weighing of cloth, the computer can monitor the exact weight
of cloth from the weigh scales and accurately calculate the
required quantities of dyes. It can then check that the correct
quantity and type of dye has been mixed before proceeding
with additions. In this way costly human errors can be
virtually eliminated.

Many operations in the batch dyeing industry require
manual intervention, and it is important to avoid the situation
where a cycle is waiting for action from an operator. Here, the
computer system can assist operators in scheduling their own
time most effectively by giving advance warning of operations
that arc imminent. In certain situations, for example in the
dispensing area, the computer can transmit to the operator a
predicted schedule for all chemical and colorant additions on
current and future batches.

Finally, management must be able to monitor the perform-
ance of the dyehouse and continuously improve operating
procedures to minimize production bottle-necks and delays
owing to waiting for manual intervention. The computer can
provide an effective production-logging facility that gives
management a record of production delays and unscheduled
events, from which the management can modify operating
procedures, production schedules and manpower deployment
to correct the situation.

Control System Hardware

To realize the basic objectives set down previously, it is
necessary to consider a control system that has information
collected from different areas of the plant available in a central
location. This allows the system to take corrective action to
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Figure 1 — Lavout of a typical control system

improve the overall plant operation, and to avoid the
possibility of improving operations in one area at the expense
of another area.

Figure 1 shows the layout of a typical control system. It
consists of a central computer connected to a number of
satellite stations. The primary purpose of the satellite stations
is to provide a means of operator/computer communication
via a combination of lamps, pushbuttons and typewriters. The
complexity of these stations varies according to the system
design, ranging from pushbuttons and lamps to simple control
and safety logic which is supervised by the central computer.

In the material preparation area, the cloth weigh scales are
connected to the central computer to allow the computer to
check the weight of cloth and also to store the measured
actual weight in readiness for subsequent calculation. Close to
the weigh scales is mounted the Grey Room Operator’s Panel
(GROP) through which the operator informs the computer of
the Batch Number of the cloth being weighed, and the
computer informs the operator if the weight is within specified
tolerances.

Close to each dye machine is mounted a Machine
Operator’s Panel (MOP), which generally consists of safety
interlock logic, local indication of machine temperature and
level, and lamps and pushbuttons to allow the computer to
request operator intervention and the operator to acknowledge
completion of the task. Similarly, a Dispense Room Operator’s
Panel (DROP) is mounted locally to each dispense tank or
group of associated dispense tanks. Control signais to and from
the dye machines, dispense tanks and computer are routed via
the local operators’ panels, which also serve as an intermediate

marshalling point for field cables.

In the dye preparation area, the satellite operator station
generally consists of a typewriter, badge reader and weigh
scales. The weigh scales are connected directly to the
computer, thus allowing the computer to monitor the
weighing operation. The typewriter is used by the computer to
output recipes, work schedules and general communication
messages. The badge reader is used by the computer to
identify the dye being weighed, where each dyebin has an
identifying badge which the operator inserts in the badge
reader at the time of weighing. Although this technique
reduces the possibility of human error, the concept can be
extended to improve speed by incorporating a belt conveyor
system, where the computer controls the conveyor directly
and arranges for the correct dye to be brought to the weigh
scales automatically.

The central computer cabinet is located in the control
room. This equipment consists of a mini-computer, floppy disc
system and input/output cards to communicate with the plant
signals. The floppy disc system is used for storing dye cycles,
recipes, dyestores inventory data, batch logs and general
management production data onto flexible diskettes. This
provides a very inexpensive medium for storing large quantities
of data and, since diskettes can be interchanged on-line, it also
provides unlimited storage capacity.

The computer is programmed in a high level language
which allows on-line modification and automatic documenta-
tion. This significantly reduces the total installed cost of the
system, and makes the system cost effective for relatively
small dyeworks. The software used, in fact, represents the
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major technological advance in process control computers over
the past 5 years, and altows future refinements of production
techniques to be implemented by engineers without relying on
specialist programmers.

Also mounted in the control room are two typewriters
which are used for process alarms and management logs, and
one or more VDU operator’s consoles. The VDU console
provides all the facilities for the dyer to monitor, control and
schedule production from one central location. In addition,
the system can be equipped with an on-line spectrophoto-
meter, communicating with the computer system to provide
an assessment of colour matching and correction.

Operation of the System

The system is designed to provide centralized control of the
dyehouse from the operator’s VDU console. The operating
philosophy is ‘Control by Exception’, where the computer
requests any data required, and outputs alarms if any
abnormal condition exists. During normal operation, minimum
control room operator’s intervention is required, releasing the
dyer from much routine and time-consuming work.

From the operator’s console, the dyer schedules the work
load and monitors the dye cycle progress by selecting from a
number of different types of displays available on the video
screen. Initially, the operator schedules the weighing of cloth
by selecting the ‘Material Weighing' display (Figure 2) and

BATCH NO SCHWT ACT WT PIECES

** 199 160.¢ 166.¢ 1
*1p1 15¢.5 15¢.¢ 2
200 5¢.0 50.0 1

2607 9¢.5
2¢9 9¢.0

Figure 2 — Material weighing display

typing in the batch number, scheduled weight and number of
cloth pieces. This gives the system the initial data to monitor
and check that the actual cloth weight is within specified
limits. As the cloth is weighed, the actual measured weight is
automatically inserted onto the screen. Double asterisks
against a batch number on the screen are used to denote that
the batch is currently being dyed, while single asterisks denote
that a recipe is already being prepared prior to the batch being
assigned to a dye machine. At the completion of a dye cycle
the batch data is automatically removed from the display.

MATCH BATCH PIECES PROC COLR ACTWT
1 101 2 20001 150.0
2 102 I 13579 BB123 100.0
3
q
5
6
7
8
9

10
11
12
13

Figure 3 — Advance recipe preparation display

Once the cloth weighing has been initiated, the dyer
schedutes the tecipe preparation by selecting the ‘Recipe
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Preparation’ display (Figure 3) and typing in the appropriate
Batch No., Procedure No. and Recipe No. The system then
searches the procedure and recipe libraries and loads from
floppy diskette the appropriate information. These dye cycle
procedures and recipe libraries will have been prepared during
system design, and will contain all the procedures and recipes
currently being used by the dyehouse. Typically, there may be
several hundred procedures and several thousand recipes stored
in these libraries, which can be subsequently modified by using
the VDU console to add new procedures and recipes and
delete old cnes.

As the cloth is weighed, the system will automatically
insert the actual weight on the screen, and use the data
available from the specified recipe to transmit an advance
formulation print-out to the dispensing area so that the dyes
and chemicals can be prepared in advance. Using the recipe
formulation, the operator in the dispensing area can then
select and weigh the specified dyes and chemicals. The
complete operation, including the weighing and identification
of dyes, is monitored and checked by the computer to
eliminate human error.

MACH NO = 12 GASTON COUNTY * ADV REC

PROC= ® COLR= ® LOT= ¢  ART= ¢
BATCH= 1¢¢ WEIGHT= 1999 PIECES= 1
STEP NO= ¢, INIT, @, ) STOP  WAIT
TEMP LEVEL VEL TUBE PRESS
STPT  ¢.0 HIGH NORMAL NORMAL
MEAS 9.0

LOW PRESSURE

L¢l L¢2 L¢3 L4 LosS Loé Lo7 L¢8 L¢9 Llgp L1l Li12
¢ ¢ ® ® @ @ ¢ ¢ ¢ ¢ @ ®
L13 Li4 Li5s L16 L17 Li18 L19 L2¢ L21 L22 L23 L24

] @ [ @ (o4 ¢ ¢ ¢ ¢ ¢ ¢ @
Figure 4 — Machine status display

Using the ‘Machine Status’ display (Figure 4) the dyer can
then assign batches to particular machines. This display, one
for each dye machine, shows the detailed status of the
machine, and allows the dyer to start and stop the dye cycle.

When the dyer assigns a batch to a machine, the system
automatically copies the data from the advance recipe and
material weighing displays, and assigns it to the selected
machine. The dyer can then initiate the dye cycle, at which
point the system will transmit a current recipe formulation

MACH- 1 BATCH— 1¢¢ WEIGHT-— 1¢o.0
PROC_ 13579 COLR-BE123 LOT- ¢ ART- ¢ PIECES— 1
ADD TANK TIME CHEM QUANT
1 1 15
Sepo sp.gp KGMS *
B 60.00 KGMS *
2 2 & 4s
70 7060  KGMS
8o 8o.09 KGMS
3 1 155
1500  3¢p.pd GRAMS
15¢1  4¢p.0p GRAMS

Figure 5 — Current recipe print-out



(Figure 5) to the dispensing area. This print-out identifies (by
an asterisk) any dyes that have already been weighed as a
result of an advance recipe formulation.

MACH: 1 PROC: 500 STEP: 10

01 FILL H, w 18 HOLD 20, 0 35
02 PDTK 1, 0 19  SELC H, 50 36
03 PDTK 2, 8 20 SAMR  2.00, 88.0 37
04 SELC H, 90 21  ADD 3, 1 38
05 LOAD 2.00, 55.0 22  SELC L. 30 39
06 SELC H, 50 23 HOLD 10, 0 40
07 RAMP 2.00, 60.0 24  UNLO 0, 0 41
08 SELC L, 50 25 OVRS 10, C 42
09 ADD 1, 1 26  EMPT D, o 43
10 HOLD 10, 0 27 END 0, 0 44
11 NULL o, o 28 45
12 SELC H, 90 29 46
13 RAMP 4.00, 120.0 30 47
i4 ADD 2, 2 31 48
15 PDTK 1, 0 32 49
i6 SELC L, 50 33 50
17 RAMP 1.00, 125.0 34

Figure 6 — Procedure status display

If it becomes necessary to modify the dye cycle sequence
or change the order in which steps are executed, the
‘Procedure Status’ display can be used (Figure 6). This displays
the dye cycle in the form of a sequence of functions,
mnemonically coded to be meaningful to the dyer, e.g. add,
fill, etc. Any changes made to the dye cycle will be stored and
reported in the batch log.

From the console it is also possible to monitor the progress
of all the dye machines by selecting the ‘Dye Plant Status’
display (Figure 7). From this display the dyer can select a

MACH STEP STATE MACH STEP STATE
1 10 HOLD 10, 0, 14 O INIT o, 0, LOCL
2 7RAMP 2.00, 60.0, 15 OINIT o, 0, STOP
3 S5LOAD 2.00, 55.0, 16 QINIT o, 0, LOCL
4 O INIT 0, 0, LOCL 17 QINIT o, 0, LOCL
5 O INIT 0, 0, LOCL 18 OINIT o, 0, LOCL
6 O INIT 0, 0, LOCL 19 QINIT o, 0, LOCL
7 OINIT 0, 0, LOCL 20 OINIT o, 0, LOCL
8 OINIT 0, ¢, LOCL 2t O INIT o, 0, LOCL
g OINIT 0, 0, LOCL 22 OINIT o, 0, LOCL

10 O INIT 0, 0, LOCL 23 OINIT 0. 0, LOCL
1t O INIT 0, ¢, LOCL 24 OINIT o0, 0, LOCL
12 O IMIT 0, 0, LOCL 25 OINIT o, 0, LOCL
13 G INIT 0, 0, LOCL 26 OINIT o 0, LOCL

Figure 7 — Dye plant status display

machine requiring more detailed investigation, and then select
one of the more detailed displays. One such display shows the
temperature profile of the dye machines (Figure 8). This
display has a useful feature which allows expansion of the
temperature scale, providing the ability to inspect in more
detail a particular part of the temperature profile.

On completion of each batch the system prints a batch log
which summarizes the production data associated with the
batch, including start and end times, cost of dyes and
chemicals and any abnormal conditions that have occurred
during the cycte. This log is particularly useful for conducting
post-mortems on out-of-spec batches, and identifying produc-
tion delays and bottle-necks. In addition, parts of the log can
be used for batch identification, being despatched with the
cloth to the customer.

TIME 14 47
DATE 1511 77
CHANNEL 1

START: 14 32 LR8002 END: 14 47 0—-100%
4000-0
3200-0 1
2400-0 -
800-00 -
0- 0000
MEAS VAP TIMEBASE 0: 15 MEAS SETP
2000.0 2000.0
STATUS: AUTO/C CNTRL ALG: 1 — K1:0.1000 KGM
K2: 0.2000
OUTP 50.0%
K3: 0.0500
PROTECTED

Figure 8 — Trend display

It is also possible to obtain a “hard-copy’ on the printers of
any of the displays available on the console. This facility has
many uses, one of which being to obtain copies of the
temperature profiles, thus eliminating the need for conven-
tional pen recorders.

Other Support Facitities

The system is also equipped with an inventory monitoring
facility to control the dyestores inventory. This is a useful
feature which is simple to implement when the system is
already monitoring the weighing of dyes and chemicals.
Management can inspect the current inventory levels by using
the ‘Inventory Status’ display (Figure 9), while the system will
print an alarm identifying dyes whose current stock level is
below the re-order level.

REC CHEM CURR REOQRDER AVERAGE PRICE

NUM NUM LEVEL LEVEL USAGE
i 1000 100.00 0.000 .00 0oL
2 1001 0.000 0.000 0.00 01
3 1002 0.000 0.000 0.00 0L
4 1003 0.000 0.000 0.00 0L
5 1004 0.0060 0.000 0.00 0L
6 1005 0.000 0.000 0.00 oL
7 1006 0.000 0.000 0.00 0L
8 1007 0.000 0.000 0.00 0L
9 1008 0.000 0.060 0.00 oL
10 1009 0.000 0.000 .00 0L

Figure 9 — Inventory stafus display

On-line colour matching has also been incorporated on
these systems. This includes laboratory prediction and correc:
tion facilities, and colour correction assessment on production
batches. To incorporate these facilities, the system links
directly to a spectrophotometer, and uses floppy diskettes to
store the colour-matching data banks.
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Conclusions

The control system described has been successfully installed in
a number of dyeworks. In one plant, over a 4-year period from
system commissioning, production increased by a factor of 4,
with a 50% reduction in the manual workforce associated with
the dye machines.

It would be unrealistic to claim that all of this improve-
ment was solely attributable to the computer system.
However, it seems feasible to suggest that the quality and
repeatability of control, coupled with the discipline imposed
by the system, were significant factors in achieving this
increased productivity.

The important aspect of applying centralized control to
batch dyeing is to consider the plant as a whole and identify
the production activities that make the major contribution to
productivity loss. Only then will the application be cost
effective.

Discussion

W. H. Jones: What benefit can be obtained by moving to full
computer control from partial automation?

Mr Gray: It is not possible to quantify the benefits accrued
from full computer control for the general case. Each dye
plant is unique in the distribution of production costs and
their relative contribution to each kilogram of cloth dyed. To
identify the major contributory factors to loss of profit
requires a detailed analysis by dyehouse management.

In general, computer control of the dye plant ensures
predictable and repeatable dye cycles which allow more
effective production scheduling to maximize plant utilization.

P. H. Wolfenden: How did the computer take over contro}
from the manual panel, and was there a single switch for the
change over?

Mr Gray: In the applications described, the computer was
controlling the dyeing machines in a ‘direct digital control
mode’. A single switch on each local panel allowed transfer
from computer control to local standby control.



