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THE APPLICATION OF A MICROPROCESSOR BASED 
SYSTEM FOR AUTOMATIC PAN BOILING CONTROL 

By D. J. TAYFIELD, P. W. REIN, S. R. PROOME 
Huletts Sugar Limited 

Abstract 
A computer control system for the control of vacuum 

pans at Amatikulu Mill is described. The reasons for the 
choice of a microprocessor system are given, and the control 
strategy adopted is outlined. Development and operating 
experiences with this the first computer control system in a 
raw sugar mill in South Africa are described. 

Introduction 
The boiling of batch vacuum pans has traditionally been 

carried out manually. Even today most pans in South Africa 
are still boiled and controlled manually, although in the last 
5 years or so the situation has been changing gradually. 

It has been demonstrated before that automatic vacuum 
pan control can give results at least as good as the 
better manually controlled boilings, and that an automatic 
system can give consistently good results. In addition, the 
automation of an entire pan cycle can provide opportunities 
to reduce labour with a tangible economic return. 

A certain amount of experience in automatic pan boiling 
has been acquired at Amatikulu, with the installation of a 
DDS control system on a low grade seed pan. However such 
systems are expensive, and further work at Amatikulu was 
undertaken with home designed systems put together making 
use of conventional instruments off the shelf. 

These experiments convinced us that automatic pan boiling 
can give consistently good quality boilings, and the decision 
was made to investigate the automation of all eight pans at 
Amatikulu. The rationale in this case was improvement in 
pan work and massecuite quality, and although the possibili- 
ties for labour reduction in future are there, no such saving 
was envisaged initially. 

A microprocessor based system was eventually chosen for 
control of pans. Four of the Amatikulu pans are now con- 
tinuously under microprocessor control. The development 
phase of this project is complete, and control of the next four 
pans is planned for the next season. This paper describes the 
pan control system in operation at Amatikulu, and traces the 
development and operating experiences obtained with the 
system. 

Reasons for Choice of a Microprocessor System 
Essentially a microprocessor is a very small digital com- 

puter, smaller even than the recent range of minicomputers. 
It  has been called a "computer on a chip", as a complete 
microprocessor can be contained in a single semi-conductor 
chip, due to advances made in large scale integration of 
electronic circuits. However, the microprocessor needs to 
be combined with various memory devices as well as input/ 
output interfaces to operate as a useful microcon~puting 
system. 

buffers and input/output devices. The cost of a micro- 
processor system is now so low that a single microprocessor 
can be dedicated to a fairly small task, and still show a good 
return on the capital investment. 

Like a computer, the microprocessor needs to be pro- 
grammed and the system of programs required (called "soft- 
ware") is often a major part of a complete microprocessor 
system. The programs are stored in one of two memory 
devices known as RAM (random access memory) or PROM 
(programmable read-only memory). 

RAM can be altered at will, but loses its memory if the 
computer power supply is switched off. On the other hand, 
PROM once programmed cannot be altered, except for com- 
plete erasing by exposure to ultra violet light. 

A microprocessor system can be tailormade to fit the exact 
requirements, so that one does not pay for unused additional 
capabilities. The amount of memory, probably in modules 
of 2K or 4K words, and the type and number of input/output 
devices can be selected to suit the particular application. 
Because of this, it is also easy to expand the system, simply 
by purchasing further modules of memory and/or input/ 
output slots as required. 

Computer control is called "digital" control, to distinguish 
from the conventional type of "analogue" conrtol. In a 
computer control system, the computer replaces the con- 
troller only, and still requires a transmitter to send the moa- 
sured signal to the computer and a control valve (or other 
actuator) to respond to the output signal from the computer 
to effect process changes and keep the measured value at the 
required set point. 

There are a number of analogue-type controllers on the 
market specifically for the purpose of automatic pan control. 
These controllers are rapidly increasing in price year by year 
and are limiting not only in the fact that each pan requires a 
separate controller but also because their application is gene- 
rally dedicated fairly rigidly to the duty which their manu- 
facturers have designed them to perform. 

Computer control is generally superior to analogue control 
in the following instances : 
(a) simply to replace a large number of conventional con- 

trollers, the break-even point as regards cost being of 
the order of 10-15 control loops, depending on circum- 
stances; 

(b) in controlling batch operations, where apart from con- 
ventional control, many logical decisions are made which 
require complicated switching arrangements; 

(c) in systems requiring computation or modification of the 
set-point, or where the process variable (e.g. super- 
saturation) must be calculated or inferred from a 
measured value (e.g. conductivity) ; 

Due to the tremendous developments in microprocessors, (d) for optimisation, where a large number of process 
the volume of production has increased enormously, and as variables are monitored simultaneously, and an opti- 
a result the price has dropped incredibly. There have also mising computational routine is used to calculate opti- 
Seen corresponding developments in various memory units, mum settings. 
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Direct digital control of pan boiling has been practised by 
the British Sugar Corporation1 since 1970, and has subse- 
quently been practised in Australia as well" 

These systems initially made use of minicomputers, the 
cost of which was such that they could not be justified for 
pan control alone, and generally pan control formed a sub- 
set of the tasks which such a computer system was required 
to undertake. The advent of microprocessors however has 
changed the scene completely, as they have made available 
computer control systems at a considerably lower cost2. In 
fact the cost of the hardware for these systems is continuing 
to drop at a considerable rate. This has resulted in the 
situation where in a number of instances control by micro- 
processor is becoming cheaper than by conventional control 
systems. However the microprocessor system has the advan- 
tage in that it has the ability to implement control techniques 
which are impractical with conventional control equipment. 

The main advantage in applying a microprocessor to pan 
boiling, compared with conventional pan controls, is the 
flexibility which a computer system provides. It furnishes 
the ability t~o design a pan control system from scratch. 
incorporating refinements and techniques which can only be 
done at considerable cost with conventional controls. 

The main reason therefore for choosing a microprocessor 
was to be able to implement a modified pan boiling control 
strategy, and have the facility to change or upgrade the system 
as necessary to produce optimum performance. 

The second reason for choosing a microprocessor was that 
it provided a considerably cheaper method of automating 
the pans than any conventional off-the-shelf pan control 
systems. 

The System 
Approach to Systern Design. 

With the price of computer hardware dropping steadily, 
the software is becoming a greater part of the total system 
cost, and frequently the programming effort required is 
under-estimated. 

As this was our first experience' with microprocessors, it 
was decided to buy a "package" from system suppliers, 
including all the hardware necessary to which instruments 
could be connected, as well as the software to control the 
process. It was necessary for us to specify the control algo- 
rithms and procedures rather closely for the vendors to 
translate into software. Folfowing our experiences with con- 
ventional controls, we were able to do this with confidence, 
incorporating various refinements which we felt could 
enhance the control system. 

It was anticipated that this would be the first step in a 
learning process, and that at a later stage the software would 
be revised as part of a pan boiling optimisation procedure. 

Hardwre. 
The microprocessor system is a Motorola M6800 based 

"Commander" system which was developed by Messina 
Electronics. 

The system consists of : 
(a) An eight bit central processor unit. 
(b) A 4K byte Random Access Memory board with battery 

back-up. 
(c) Digital to Analogue convertors to provide 4-20 mA 

output current loops. 
(dl Analogue to digital convertors to convert 4-20 mA 

G U R E  I The computer system and pan simulator mounted in  
cabinet. 

the  

instruGentation kputs to the required digital signal. FIGURE 2 Operator panel at the pan. 
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T X  -temperature transmitter SPS -steam pressure switch 
C X  -conductivity transmitter CV-I  -syrup/molasses feed valve 
I/P - current-to-air transducers CV-2 - water feed valve 

FIGURE 3 Schematic diagram of microprocessor control system. APS -absolute pressure switch CV-3 -- injection water valve 

(e) Communications interface board to provide an RS232 (c) conductivity indication of the massecuite. 
link with the terminal printer or VDU. This board also (d) mode of control. 
provided a real time clock to provide updated time and (e) strike ready. 
date messages. (f) alarm condition. 

(f) Digital input and output boards (contact chsure inputs He has also under his control on this panel four switches 
and relay outputs). which : 

(g) EPROM board. The system required 14K bytes of (a) place the boiling on computer control. 
EPROM memory to store the program requirements. (b) switch to manual control (pan feed only). 

The system is mounted in a single control cabinet which (c) switch to computer disable (pan feed and tailwater 
contains tho power supply unit, the interface cards for level control). 
and conductivity monitoring for each pan and a pan simu- (d) hold boiling at a particular level/conductivity on water 
lator used for tuning the control system and program testing. (feed stocks low). 

Figure 1 shows a photo of the system in the cabinet. Thus the pan boiler initiates or ends each strike at the pan, 
Operator Interface. and can at any time assume manual control. 

At each pan is mounted a small status panel, as shown in Instrumentation. 
Figure 2, which indicates to the pan boiler : Experience has shown that the use of a d / p  cell for level 
(a) when the calandria is suitably covered with a massecuite measurement needed attention to obtain a 

footing. reliable signal. Thus discrete level probes were used, which 
(b) the level of material being boiled in the pan. in addition are more suited to interfacing with a computer. 
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Each pan is equipped with the following items : 
(a) molasses feed control valve. 
(b) movement water control valve. 
(c) condenser water control valve. 
(d) eight level probes (conductivity). 
(e) one conductivity probe and conductivity transmitter 

(4 - 20 mA). 
(f) two temperature resistance bulbs (massecuite and tail- 

water). 
(g) one temperature transmitter (4 - 20 mA). 
(h) Three 4 - 20 mA I / P  convertors. 
(i) two alarm contact gauges (steam and vacuum levels). 

Figure 3 shows a diagramatic representation of the system. 

Software 
Essentially the system is designed to control conductivity 

in the pan by feeding molasses and/or water to the pan, with 
the conductivity setpoint determined by the level in the pan. 
In addition, the flow of injection water to the internal con- 
denser was controlled to keep a constant tailpipe water 
temperature. 

The software was written in Assembler and stored in 
PROM. The program logic is as follows : 

When the pan boiler at the start of a new boiling switches 
to computer control, the computer will check a number of 
conditions before it will proceed with the program : 
1. That the required grade of boiling (A massecuite, B 

massecuite~, C massecuite, A magma, B seed, C seed) has 
been entered and accepted via thz keyboard for that par- 
ticular pan. 

2. Calandria is covered with footing. 
3. Calandria vapour pressure and pan vacuum are at 

required working levels. 
4. Manual, disable and hold switches have been cancelled. 

These conditions having been satisfied, the following action 
takes place. 
1. A print-out is made stating the date, time, pan number, 

boiling type, strike number and "boiling cycle started7'. 
2. The computer then refers to and obeys the set of variables 

appertaining to the required boiling type and pan num- 
ber in terms of : 
(a) circulating time required before feeding should com- 

mence. 
(b) starting conductivity at which feeding should com- 

mence. 
(c) special activities at level 1, e.g. holding feed on water 

only, for a pre-set time and conductivity, or a graining 
routine for either B or C seeds. 

(d ) tailpipe water temperature. 
(e) conductivity values at each of the eight levels. 
(f) ramping time between levels for conductivity. 
(g) values of control parameters for PID control on that 

pan. 
(h) relationship between molasses and movement water 

feed, based on level of massecuite. 
(i) brixing time required. 
(j) brixing conductivity: 

At all times throughout the boiling, the vacuum and 
calandria pressure for the pan are monitored and should they 
fall to undesirable levels, the feed control valves only will 
close, an alarm condition will be initiated and a print-out is 

made stating the cause of the condition. Control will resume 
as soon as these conditions are again favourable. 

At all times the computer measures the degree of error for 
conductivity and tailpipe temperature. Should this go off 
setpoint by more than 50% for a period of five minutes and 
the control cannot correct this situation because the relevant 
valves are either 100% open or closed, an alarm condition is 
initiated and a print-out is made stating either temperature or 
conductivity deviation error having occurred. 

Once level eight is reached, the brixing cycle is initiated 
and the computer closes the molasses feed and either reduces 
the conductivity to the required striking brix in the shortest 
possible time, or if a brixing time is included in the set of 
variab1,es for the massecuite being boiled, movement water 
will be introduced in order to control the brixing rate to the 
pre-set time. 

When the final brixing conductivity is reached, the com- 
puter then : 
1. Closes all feed valves completely. 
2. Reads the massecuite temperature into memory. 
3. Lights the "strike ready" lamp on the status panel. 
4. Prints out "boiling cycle complete", the cycle time, masse- 

cuite striking temperature and final brixed massecuite 
conductivity. 

5. Awaits switching from computer to manual and computer 
disable. Then prints out "Pan No. X, manual control". 

All the messages printed are accompanied by times. Other 
print-outs which are produced are : 
1. Steps as they occur when running through a graining 

routine. 
2. Current values of variable parameters contained in 

memory, when requested by user. 
The graining routines for B and C seeds naturally follow 

a more involved logic path. After running through the check 
list as described earlier, this rountine once initiated main- 
tans a constant footing volume at level 1 by controlling the 
feed valve during the concentrating period and up until the 
pre-set graining conductivity has been reached, On reaching 
the graining conductivity, the computer then holds the footing 
at this value by means of movement water for a pre-set time 
at a specified conductivity. This is done to ensure that the 
entire footing has stabilised at the graining point before the 
slurry is introduced. After this point, there are a number of 
options available in terms of boiling procedure : 
1. Hold the newly formed crystal on water at the graining 

conductivity for a set time, then thin out with water and 
feed, to a lower concentration, then blend any ratio of 
water to molasses in a changing ratio based on level pro- 
gression, in order to develop and "bring the crystal 
together". Again any profile thereafter may be followed. 

2. The above procedure without one or more of the water 
holding periods. 

3. Run the boiling profile in any shape or direction, 
immediately after slurry injection and with or without 
water holding stages at the graining point. 

All these parameters are stored in RAM and may be 
altered at will. Battery back-up preserves these values in 
case of power failure. 

The use of PID loops meant that the system had to com- 
plete each PlD on a fixed time interval. The system software 
was arranged to perform each loop once every eight seconds. 
This interval was found to be suitable for control purposes 
and was well within the capabilities of the system. 
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FIGURE 4 Comparison of massecuites boiler under automatic control (on the left) and under manual control (on the tiight). 

Operating Experience 
With regard to hardware, there was only one item of 

equipment which gave a lot of trouble, namely the ASR33 
Teleprinter. This machine unfortunately has an extremely 
narrow tolerance range in the frequency of the power supply 
at which it can operate. Consequently, the variation in 
Amatikulu's frequency resulted in this unit being non- 
operational more often than not. This meant that during 
these periods, although the microprocessor would continue 
controlling the pans, it was unable to output any data to the 
printer. Likewise, one could not change any variable para- 
meters while on the run or start off a new boiling. 

An ESC power supply was then provided for the system 
on the pan floor and the ASR33 Teleprinter was replaced 
with the later version ASR43 which is an electronic machine 
rather than the earlier mechanical version. This printer has 
not failed to-date. 

As anticipated, some changes had to be made to the soft- 
ware before it operated satisfactori!~. However these changes 
were fzirly minor and the basic control system initially speci- 
fed was satisfactory. However software changes are a lengthy 
process, due to the complexity of the low level language used 
and the need to erase and re-program the PROM's. 
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Once the system was installed and connected, pan control 
was commissioned in a few days on two pans. However the 
procedure of de-bugging the control system, both hardware 
and software, is a fairly time consuming process, particularly 
identifying whether the mal-operation is due to the program 
or faulty instruments. 

Seed and massecuite quality was monitored by microphoto- 
graph~. Some idea can be gained by the reproduction shown 
in Figure 4 of the good quality of the seeds and massecuites 
in terms of crystal uniformity and cleanliness. Some com- 
parisons with manual C boilings are also shown during the 
same period of operation. 

Any particular boiling profile could be obtained by speci- 
fying the conductivity values which the microprocessor 
reproduced in a boiling. In experimenting with different 
profiles it was often found that if false grain was being pro- 
duced in the boilings from a particular profile, it was always 
produced at a particular level in the pan. In this way it 
was easy to adjust the profile to the optimum supersaturation 
level throughout the boiling by producing a false grain con- 
dition at various level probes and then adjusting back enough 

--. to bring the profile into a safe operating zone, but as close as 
possible to the labile phase. When changing conditions began 

to result in false grain formation, the profile was moved 
accordingly. 

A preliminary test program was run to try to optirnise 
some of the more important parameters. Results obtained 
thus far indicate that the conductivity profile employed has 
the most significant effect on purity drop or exhaustion. It 
appears that choosing a profile which leads to boiling "tight 
all the way up" is better than ';i scheme of control at constant 
conductivity with a tightening period at the end. Typical 
conductivity traces are shown in Figures 5 and 6. 

Optimisation in the context of Amatikulu's pan floor refers 
to exhaustion and not capacity, as the pan floor is not often 
pressed for capacity. At one stage C strike boilings were 
down to about four hours, or roughly half of the normal 
boiling time. However it appeared that under these condi- 
tions, exhaustion suffered. One of the features of the pan 
control system which is expected to be of benefit is the ability 
to have a controlled brixing up period on water feed control 
over a pre-set time. This procedure has been shown to lead 
to an increase in exhaustion and a reduction in supersatura- 
tion at pan drop4. 

Tailpipe temperature control was included rather than 
absolute pressure control since at the time of installation, the 

TIME 

FIGURE 5 Typical conductivity recording for a C-massecuite. Boiling time 5 hours. 
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or R5 200 per pan. These costs however include some fairly 
substantial software development costs, which have inflated 
these am~ounts, but still the cost of ,the system is satisfactorily 
low and about one-third the cost of systems sold by overseas 
suppliers. 

Conclusions 
In the relatively short period that this system has been 

operating continuously and also despite the fact that in the 
first season certain software modifications were being made, 
the system has proved to be highly successful in terms of 
reliability of operation, producing consistently good quality 
boilings, acceptibility amongst operating staff, and low cost. 

In short, most of the advantages anticipated from a com- 
puter control project have been realised. 

The rate at which such a project can be implemented is 
dependent, however, on the interest and commitment of the 
operating staff, who need to identify and isolate operating 
problems. In addition, instrument personnel who have some 
knowledge of electronics are essential in speeding up the 
fault-finding procedures during initial testing. ti. 

As far as program modifications are concerned, this system 
is not ideal, in that such changes are time-consuming to 
implement. A second system presently being installed at 
Darnall will make use of a higher level language and storage 
of programs in RAM with casette tape ba'ck-up, which should 
make program modifications and development considerably 
easier. 

At this stage control has been applied to the boiling 
process only. However a microprocessor system has the 
potential and capacity not only to control the whole pan 
cycle, but also to incorporate scheduling and optimisation of 
all pan floor operations. 

FIGURE 6 Conductivity trace for a C-seed. Boiling time 3 hours. 
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