The fault recovery effectiveness is dependent on the
fault detection, the actual fault recovery, and the
complete system design and implementation. The
constructs of Appendix C form the basis for effective
fault Jetection ard recovery. For system design and
implementation, 1 believe that the future for fault
recovery in process contrecl is based on a level-based
heirarchical control system design. Distributed Computer
Contrcl Systems and a distributed fault detection,
diagnosis and recovery strategy will then form an
integral part of this level-based heirarchical control
system.
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PROGRAMMABLE CONTROLLER SPECIFICRTION

A GEM 60 130/12K Programmable Controller is to be wused
for this application. The inpr:t and output (I1/0) has
been determined as follows :-

20 Analogue inputs 69 Digital inputs

73 Digital outputs

The digital inputs and outputs are interfaced to the GEM
80 processor through 8 way digital 1I1/0 modules. The
analogue inputs are multiplexed through 8 way
multiplexers, thus requiring c¢nly 3 analorue input
modules, instead of 20.

The operator control desk incorpecrates the following
egquipment :- '

1. An AUTO/MANUAL selector switch for switching to
manual control when the programmable controller
fails.

2. START/STOP pushbuttons and ON/OFF switches for manual
control of critical devices, to erifect manual
recovery to safe states.

3. A mimic panel with indicator lights for pump,valve
and limit switch states, and for m ‘e indication.

4. A 12 channel chart recorder, for hard copy of
temperature, vacuum and pressure values during
process.

5. Vacuum, tank level and pressure displays.

6. Four LED digit displays for display of different
plant temperatures, one of which incorporates a 12
position switch for multiple temperature display on
one of the LED digit displays.
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7. An horn and flashing lamp for alarm asnunciation, and
a second flashing lamp for end of step indication for

the operator.

8. A prunter for logging of events, alarms and report
rnrinting, and an operator membrane keyboard feor

control functions.

MODES OF OPERATION

Automatic

The Automatic pr 'ess cycle consists of a timed control
sequence o0f programmed operations. When the cycle is
completed, the system automatically returns to the Rest

mode .

The sequence of operations for each of the six process
cycles is ider ical, except for changes in process
parameters such as times, temperature, vacuum and
pressure setpoints.

Preheated unit/s are placed into the impregnating vessel
and the temperature sensors for the unit temperatures
during process are attached to the unit/s. Then, the
maximum level sensor switch is set at a level sufficient
to submerge the unit/s, and the 1id is c¢losed and locked
with the seperate hydraulic 1id control system. The
manual filling valves for the impregnating vessel are
then set, wund the process started from tLhe keyboard.

The automatic mode lamp is lit to indicate a process is
in progress, and the process is controlled and reported

as dercribed below :
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AUTO 1 - On a new page, the printer prints the headings
and the table for unit/s being treated to be completed
by the operator after the process.

Then the printer prints :-
{~time~) ** PREHEAT TIME (-preheat time-) MINS
"he system check is then periormed.

The .id 1imit switches must indicate that the 1lid is

¢lor=* and locked. The 1id incerlock is then asserteéd to
irhi* ¢ the hyér.ulic 1id control from being used until
comwl-oon or auborting of the process cycle.

''he imp _ynator pressure release valve, impregnator air
ndmittance valve and the compressa2d air valve must be
~'nsed. 2l.., the ccoling wates and compressed air
F:-essur<g musti be sufficient.

™= inpieguator filling valves for top or bottom filling
ar® che ) oed such that only one of the two should be open
fol the ~rocess.

All of +these above conditicons are checked using 1limit
swi‘ch inputs into the GEM 80 programmable controller.

The corcr . of the storage temperature is stopped by
closing tre 1 eating and cooling water valves to the

Preheat is than performed for the time specified on
activation of he process through the membrane keyboard
by the opercts:. This allows the units being treated to
be put into .» Impregnator without preheating in the
main oven, and as the impregnator heating will affect
the heating up of the units. This allows the units to be
preheated from the end of the previous day. and for the
cyrcle to start early in the morniny, such that the
process ends early afternoon during mormal shift :.ime.
(A typical process cycle can take 10 to 15 hou:s).
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The impregnator vessel wacer jacket is heated up to
process setpoint, and if it reaches this setpoint before
the preheat time is finished, the temperature is
cortrolled to this setpoint through the use of the four~

stage heater.
After the preheat time, the printer prints :-

(=time=-) START VACUUM

AUTO 02 - The impregnator vacuum pumps are started and
'dry' wvacuum is pulled. The impregnator heating is
stopped to allow for cooling down to the next setpoint.

'Dry' wvacuum is controlleil between two limit setpoints,
by switching the pumps on above the high limit, and off
at or below the lower setpoint.

The temprerature of the units are monitored, and when
this drops to the setpocint, the impregnator heating is
restarted.

From when the vacuum reaches the lower setpoint limit,
the 'dry' wvacuum time is initiated, and the printer

prints :-

(~time=) START DRY VACUUM

“he heating of the pipelines and the heat exchaunger is
~.irted for preheating before resin i: transferred to
*he impregnating ve:.sei. These are controlled o new
setpoints, and the nmovorised valves are contrellied using
FID econtrol cspecial functions, while the four stage
heaters are controlled to a second setpoint.

This step ends when the unit temperature has dropped
down to setpoint and when the hot water ciiculation has
been started, =»nd the nrinter prints :-
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When the impregnator full limit switch is activated,
allowing 10 secs for debounce and bubbling of the hot
resin, the resin transfer is stopped, and the printer

prints :-

(-time~) START WET VACUUM

{
{1

|
N

1
1
{

1f the back=-up impregnator full 1limit switch is
activated, then the resin transfer is stopped, and the
above message is printed, along with the following :- “

(~time=-) 1.3 NOT CLOSED = MALFUNCTION

Lane

=y

PR 3555 £ +
T T Y -

where 1.3 is the item number for the primary full limit
switch as shown on the mimic diagram.

AUIO 06 = The pipelines and heat excranger are now
cooled by closing the hot water inlet zn4 outlet valves, |
and by opening the cold water inlet and outlet valves, q
while simultaneously switching on the refrigeration i
unit. Th.s will cool down to the minimum value of a
setpoint.

The compressed air dryer is also started.

The 'wet' vacuum is maintained for a process dependent
time, after which the vacuum pumps are switched off, and
the printer prints :-

(=time=) START AIR ADMITTANCE 3

@‘ : AUTO 07 = The impregnator air admittai.ce valve is opened i
G tc allow the impregnator vessel to return to =tmospheric
;&p;, & pressure. When this happens, the printer prints :-
b |
,'- ;’ , i . J
j 2 Appendix A 99 i
|






L

AUTO 10 = The return of the reein tc the storage vessel
is done, while cooling is applied to the heat exchanger
and pipelines to c¢col down the resin to storage
temperature. When the impregnator empty switch is
activated, the resin transfer is stopped, and the
printer prints :~

(-time-) START DRAIN TIME

AUTO 11 - After the drain time, the cycle ends and the
plant goes into the Rest mode.

Please note that refererc~ to process setpoints indicate
process dependent parameters, which are client
confidential information.

Semi~Automatic

The semi-automatic operations involve the Rest, Refill,
Sampling and Maintenance mode%. Also, a semi-automatic
process can be performed.

The Rest mode is the standby mode, and is the D .-
operational state of the plant. The resin is kept in the
storage vessel under controlled vacuum and temperature.

The Refill mode is selected when new resin is to be
added to the storage vessel.

The Sampling mode is selected to sample the resin and
test the resin for quality and operational
characteristics to ascertain the expected life of the
resin and the time before renewa!. Every process slowly
cures the resin, and it's impregnating properties
deteriorate.
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The Maintenance mnde is selected when a device is to be
replaced and tested. The devicee can be selected and
switched on and off or opened and closed from selection
keys or the operator membrane keyboard.

The Semi-Automatic process is selected when a unique
non-preprogrammed process cycle is to be done. All the
setpoints can be set through dedicated keys on the
operator Kkeyboard. and then a semi-automatic process
initiated. Each =ste; as detailed in section A.2.1 are
done with the m: - set parameters, but each end of
step must be ac and the next step started from
the operator k- Zach end or step is indicated
with the end of . shing lamp.

o R e R s B

FAULT ACTION AND FAUL REPORTING

General fault messages

The general fault messages for the digital 1/0 are of
the following form :-

(=item no-)} NOT RUNNING
(~item no~) NCT STOPPED
(-=item no=) NOT OFEN

' (=item no~-) NOT CLOSED

For the anelogue 1/0, only the temperatures are deemed
to be critical, ie. 1limits for correct readings are
required. For the temperature inputs, the limits for
correct operation are set at 3.0 and 95.0 deyrees
centigrade. If any measure outside this range, then
printing of the following message form is done :-

TEMPERATURE (=-no.~) (~temp-) DEG.C
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A.3.2 Unplanned Shutdown

This may occur at any time when the power fails. The
time of the power failure is to b¢ reported on the
pri. ter when the power is restored by priniiag the power
failure report, viz. :-

(-date~)
(=time~) POWER FAILED, FAULT ACTION TAKEN

1f the power fails during an AUTO or SEMI-AUTO process
cycle, the fault action reqguired when the power is
restcered depends on the duration of the power failure
and cn which step the process was performing immediately
prior to the power failure. The following fault action
must be taken for the fcllowing steps :-

AUTO 01/02 - Print power failure report and continue
as before.

AUTO 03 - Print the power failure report and
restart from step 02.

AULIO 04,05 = 1f the vacuum level iz less than 1 mbar,
then orint power failure and status
report and continue. Otherwise, print
power failure report and continue in
step 10, where the resin is returned to
the storage vessel before going into
Rest mode.

5 ! AUTO 06-08 =~ +f the unit temperature is within double

o L the set bandwidth, then print power

i failvre and status report, and continue.
If nct, extend the pr 'ssure time by 100
%, print power fai_ure and status
report, and

PRESSURE TIME DOUBLED = CONTINUING
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A.3.3

AUTO 09~-11 = Print power failure report and continue.

If the power fails in either of the Rest, Refill,
Sampling or Maintenance modes, then print power failure
report and continue.

There is no fault action required for an wunplanned
shutdown in the Shutdown mode or when the system is in
Manu#l control.

Automatic/Semi-Automatic Mode Fault Action

It is not practical to cater for every possible failure
in detail at every step, but the following fault action
is programmed.

Other faults will cause the whole process to be aborted,
and the plant will go into Rest mode.

Any system check fault will cause the
process to be aborted, and the system
will go into Rest mode. The faulty
device/s wiil be reported using the
standard fault messages as in A.3.1 .

AUTO 01

AUTO 02-04 - 1f a fault occurs on the storage system,
sound alarm and switch to Maintenance
mode.

If th. fault occurs on the impregnator
jacket heating, valves, vacuum
measurement, the heat exchanger or
pipeline jacket hot water systems, then
the cycle is aborted to Rest mode.
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AUTO 05

Apperdix A

1f the fault is in the impregnator
vacuum system, then automatic switchover
to the standby vacuum line is effected,
and print :-

(=time-) SWITCHED TO STANDBY
The process is then resumed.

I1f the standby system also fails, then
abort to the Sampling mode.

Also, if the vacuum system valves fail,
then abort to Sampling mde.

If the vacuum plant fails, automatic
switchover to the standby unit is
effected, and print :-

(=time=) SWITCHED TO STANDBY
The process cycle is then resumed.

If the standby unit also fails, then
contirue from AUTO 10, where the resin
is returned to storage vessel, and then
switch to the Sampling mode. If the
vacuum system valves fail, then switch
to the Sampling mode directly.

If the refrigeration system fails, then
abort to the Maintenance mode.

If the cxcessive differential pressure
switch is activated, indicating el
blocked filter, repor:t alarm, but
continue. An interlock is enforced to
inhibit the starting of the next process
cycle unless the plant is put into
Maintenance mode, assuming the intention
is to clear the blocked filter. 1If the
fault is not cleared, the excessive
differential pressure switch will
be continuely activated during resin
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Appendix A
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transfer, until the second switch is
activated.

If the second excessive differential
pressure switch is activated, then abort
to Maintenance mode.

If a valve malfunctions, stop resin
transfer and heating systems until valve
corrected and print :-

(~time~) PROCESS STOPPED

I1f there is a heat exchanger fault, then
abort to Rest mode.

If the impregnator jacket heating fails,
then the pressure cime is doubled, and

print :~-

(~time~) PRESSURE TIMi. DOUBLED

If there is a storage system failure
other than a refrigeration fault, then
report fault but centinue.

If the vacuum plant fails, switch to
standby as before, and print :-

(-time=) SWITCHED TO STANDBY

1f the standby vacuum plant fails, then
report failure but continue.

If the impregnator jacket heating system
fails, double the pressure time, and

print :=-
(=time~) PRESSRE TIME DOUBLED
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AUTO 07-08 =

AUTO 09-11 =

If the refrigeration plant fails, report
fault Lut continue.

I1£ a wvalve malfunctions, stop the
process until the valve is ~oriected,
and print :~

(=time~-) PROCESS STOPPED

I1f the etorage system including the
refrigeration plant fails, report fault
but continue.

1f the impregnator jacket heating system
fails, report fault but continue.

1f there is a valve malfunction, stop
process until corrected, and print :-

(~time=-) PROCESS STOPPED

1f the heat exchanger cr refrigeration
plant fails, report but co~tinue.

A.3.4 Semi~Automatic Modes Fault Action

- -——

In geneval, a
nessages.

11 faults are reported using the standard

When a fault occurs in Rest, Refill or Sampling =odes
switch to Maintenance mode.

In Muintenance

mode, the stcrage vessel temperature i3

monitored, and if it rises above 25 degrees Centigrade,

then print :-
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