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ABSTRACT

‘A ten tray binary distillation column of pilot plant

scale was interfaced to a Nova digital minicomputer for dir-

‘ect digital control.

I3

The aim of the present study was three-fold; to

devélop a flexible software package to allow on-line computer

control, to develop a sybtem'needing,a minimum of hardware

interfacing, and finally to use thege systems to control a

distillation column. .

o

System software interfaces were developed for all

control equipment and for the Hewlett-Packard Interface Bus ,

(HP-IB). RTOS, a Datagenergl*Cprp} éperating system, was
modified and-debugged to complete the software-package.

) ! %_gémplete hardware system, consisting of a Data-
general Qéva ﬁinicomputer, a Hewlett-Packard dig%tal'vo%tmeter,
model 3455A and scanner model 3495A, aﬁd a Datagené%al digital

to analog converter, was assembled to complete the hardware

control system. Various pneumatic/electric and electric/

‘pneumatic converters were used to interface the electronic.

equipment with the pneumatic instruments. .

-
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- INTRODUCTION

L

M -

Distillatioh is pfobably thejmost widely-uéed sepa-
ration techpique in the chemical and petrqleum industries.
Batch distillation of essentially binary‘ﬁixtures of ethanol
and wa£er, has been praqtisea for ce?turies. IHoweﬁer, only
in the present century hés distillation been understood énd
developed on a largé scale.

Invthé early stages of process‘control, a distilla-
tion column with its complex mass and energy tranéfers, was
cdntroiled‘for steady—state:operation by using an individual
analog-controiler_on each process variablé(l). Hoﬁever,
with increasingly complex processes, emphasis shifted from
individual operﬁtions to ﬁhole process.units. The use of
optiﬁizatiop techniqﬁes agdioverall control schemes'pgrmitted

smoother and more economical plant qperations(z). . '

' The arrival of the digital-computer, with its speed

and flexibility, was a milestone in the development of process
. ~n

ceontrel technology.- .
| Presently the digital c;mputer;may be implemented in

a process compuéer coAtrol system in one of the following

four levels: ) . ' ]

1. Off-line: . The digital computér in an off-line
system is used for déta-logging and procesg'optimization.
Data-logging ﬁsually results in a gathefing of redundant data
taken nea{\normal operating conditiens. Thérefére, in géneral,

{
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data-logging in itself is not regarded as a justifiable rea-

son for the purchase of a digital computer.
é

2. Dlrect-Dlgltal Control (DDC) . Dlrectndlgltal

control is essentially a direct replacement'of an analog con-
troller,¥1th a digital. computer. Although one medium size
computer may replace hundreds of analog controllers, there
usua;iy_exists no break-even point at which the cost of the
analdg controllers eéuals the cost of “the digital computer.
There are three reasons for this: one being‘that programming
costs are usually higher than expeoted‘and difficult to an-
ticipate; another being that the uee of the digital.computer
almost doubles the hardware requlrements 51nce analog back—ups
are needed in the event of computer fallure, and. flnally, the
analog controllers are- very reliable and replacement 1nexpen-

sive in contrast with a direct-digital control computer.

3. quervisory Control: There must exist an overall

plant optimization strategy if flnanc1af returns arerto be
maximized. Thisg strategyfgthe result of consideration of the
combined effect of many different options, is best determined
by a computer. Implementation,. again is best suiteé to a
computer as time is of-the essence, however, due to the.short;
comings of the” DDC system, a compromise had to be made. The
basis of the supertieory control‘pyetem is that although the
computer dgkermines the optimum operating etrategies, tﬁ;““\. *

analog control system implements them. Interfacing is achieved

by computer manipulation‘of the analog controller's setpoint.

[y




4. -Hierarchy €oncept: The proceeding gections pre-

seuted'distinct approaches to the applications of computer i

edntrol to proeess“units. The hierarchy concept combines
these approaches byiincorporaﬁing the best of both. Most
applications are'superyisory in-nature-but the more attract-
ive DDC loops are retained. The hiefarchy concept is )
achleved by having a grouplng of DDC computers, each respon-
sible for the control of a plant, supervised by a superv;sory
computer. Thls computer is grouped with other superv150ry
computers angd as a group is coordlnated by a schedullng
computer. DDC becomes more attractive in this case as few
additional analog inputs are needed. The analog back-up
problem is_solved by the use of the supervisory'computer for
control of cEiticalfloops in-case of DDC computer %ailure;

l This hierarcuy concept also permits cofppfate deci-,
sions tocbe executed in a much ehouter time thus increasing
efficiency. _ _ ' _

The aim of the present study was three;fold° to

-~
develop a flexible software package to allow on-llne computer

control‘ to develop a system needlng a mlnlmum of hardware‘
'1nterfac1ng and finally to use these systems ‘to control a
distillation column The final part in reality ﬁ .
verification of the flrst two, was 1mp1emented using a simple
control scheme to control a pilot plant scale, ten-tray dis-
tillation‘column. _

'Many terms used throughout #his study, applyiug to

&
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computers and computer applications are explained in a gYos- “

sary in Appendix I. This glosSary, by no means complete, 1is
written/ifi relation to thie Nova minicomf:uter system purchaseg

from Datageneral Liﬁy— v
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Control Schemes for'Distiliation'Cglggggf\w’naﬁﬁ_w’,

1 . v

I Distillation Control

a) Multileop Control Scheme

The dynamics and control schemes of simple systens
are well known(3), however in praétice the systems to be con~
trplled are usually quite complex. In addition qua€£;;;£ive
dynamics in terms of transfer ﬁpnctionS'for'these complex
systems are rarely available.

The control of a distillatioquolumn is a good
example‘of such a system; there are many control loops with
a great numberkof variables. Howéver, it is essen£ial that
proper control Bf a digzillation.column be achieved"if pro-
duct speé&fications are to be met. Figure 1 shoﬁé a diagram
representing a typical distillation’ceolumn. The control of

4 -

such a column can be defined ds the.column operation at or

near specified condiﬁ;:fz)/ - _}
In the case inary distillation with

1) a specified feedrate and composition with

>—-

cénstapt feed temperéture,
2) a gpecified steam rate to the reboiler with
a conétant saturation temperature; _
3) a specified cooling water rate'with constant
water temperatﬁre and, |

4) a specified reflux ratio.

3

-
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. FIGURE 1 ] ’
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the steady state conditions are éet. Specifying these variables
fi#es the distillate composition and rate, bottoms composition
and rate, and column pressure. The  independent variables could
be seen as input variables and the second group as dependent,
variables. Any change of an independent variable will redefine
the systém and will result in a change in all of the output

variables.

b) Distillation Control Philosophies

The most common control system applied to distillation
columns is referred to as the energy or heat balance control
scheme and is represented in Figure 2. Anoth;r ﬁewer control
system, the material balance control scheme, appears in Figure
3. In a material balance control scheme, a product flow is
always manipulated to control composition, while for the heag
balance control scheme heat input is the manipulated variable.

With the heat balance control scheme a constant
reflux is maintained on the distillation tower, both products
are under level control; their flows therefore are subject to
influence from disturbances that affecf the column. Product
composition is controlled by adjusting boil-up relative to a,
fixed reflux. Increasing boil-up Qr vapour flow results in‘i
two changes; separa;ion is increased and the'material
balance is shifted. .Separation is increased since more low
boiling material is removed from the bottoms, this tends to

make the bottoms purer. The shift in material balance



—

FIGURE 2 . , ' .
HEAT BALANCE DISTILLATION CONTROL SCHEME -
-\ .
4t\/? (éﬁ
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distillate
feed .




FIGURE 3
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MATERIAL BALANCE DISTILLATION CONTROL SCHEME
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- results from increasing the amount of material transferred

from the bottom-of the coiumn te the top. The direct
effect is to improve the purity of the bottoms prgduct by .
chreasing the flow and to redﬁce the purity of distillate
by increasing its flow. =
The matérial‘balance control scheme maintains a
constant overhead product. stream through a flow controller.
The reflux rate is manipulated by level control of the
accumulatof drum. This results in making the tower reflux a
dependent variable. This is a very contrpversial issue since
distillation desigm procedures center around reflux and reflux

ratio. The material balance control scheme came into being

when the conventional heat balance control system was

“ineffective for control over close separations. Other advantages

of the material balance control scheme lie in its insensitivity
to variations in enthalpy. An incfease in heat input to the
tower will result in raising the product level in the accumu-
lator drum and increasipg the reflux. The net effect on
compositién will be much smaller than if the reflux were flow
controlled_and the increased boil-up were passed to the

distillate product as with the energy balance scheme.

AN
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In partlcular to computer control, the material
balance scheme is most advantageous since it is readily con-
vertible to 1ncorporate a feed forward control schEme. ) .
Although possible to incorporate into a heat balance control

scheme, a feed forward control scheme would be much more

difficult to operate efficiently.

¢) Control Scheme Used
Q -
The erergy or heat balance control scheme was used
on the binary distillation in this work. There were several

hardware limitations to the conversions to a.material balance

conﬁ;ol sc¢heme.

Two control loops, the reflux flow control and the
steam flow control,, were uncoupled and connected to a mini-
computer. The remaiping loops continued with their analog
controllers. The minicomputer'was used simply as- the basic
proportional/integral controller it replaced. This uncoupling
was done to only two loops because of hardware limitatioﬁs, .

notably the lack of additional pneumatic/electric interface

transducers and additional digital/analog converter channels.

The basic concept for this uncoupli was not to
develop some exotic control scheme but rather & verify the
computer hardware and'software systems developed. Once both
systems are established any type of éontrol scheme could be
di:d with the winicomputer.

The control system developed for the minicomputer
controlled two loops but monitored thrée flow measuring

elements. The  third monitored flowrate was that of the feed;

this]wés to enable future work to include a feed forward control

system. -
y LA Lo P B el >
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"II Design of Distillation.Coluﬁn
\ The distillation column was assembled from .9 inch
glass pipe having an inside diameter of.8.34 inches and an
outside diameter o£-Q,25 inches(4). The'column was composed
QOf ten bubble cap trays with each tray having two bubble caps.
Distributor'plates were used for the feed and reflux liquid
streams. The trays and distributor plates, made from brass,

had a thickness of 3/8 of an inch. The bubble cap riser con-

sisted of a 1-1/2 inch type "K" seamless copper water pipe

~while .the bubble caps were made from 2 inch type "K" seamless

copper water pipe caps. Each bubble cap contained 28 1/8

inch x 1/2 inch slots located 1/16 of a inch from the bottom

of the cap. Two inch type "K" seamless copper water pipes

were used as .circular downcomers; extending 1-1/2 inches

through the tray they provided the necessary weir height."

Tray spacing including distributor plates was one foot. On

each tray, located between the downcomer and bubble caps, a copper-

conétantan thermocouple and a‘liquid samplé cutlet were used

for temperature and composition measurements. Liquid samples

coﬁld be withdrawn from each tray by the use of a remotely

controlled sclencoid Qalve. A water cooler was used to cool

liquid samples. .
.The feed system consisted of two stainless steel

drums, a preheater and a distibution plate. The two feed

drums were 24 inc?es in diameter and 68 inches high. The

feed distribution plate was located above the fourth tray

e ATt Ebi e e o ek Al ——— (T L e i e =

ey PRSP I,
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from the bottom of the column. Using steam as thevheating
medium,” the feed preheater consisted of a shell and tube
heat exchanger. The shell‘side of the heat exchaﬁger was
made of 3 inch carboq steel Pipe while the tube side con-
sisted of ten thfee foot lefryt3—6f 3/8 inch type "K' seamless

copper tubing. The heating steam was manually controlled

with a pressure reducer.
The overhead system consisted of a total condenser,

an overhead reflux drum and two product tanks. Two shell .
and tube heat exchangers operatingfIﬁ'series-made up the
condensation system. Having a total length of four feet,

the two heat exchangers were similar to the‘feed preheater

heat exchanger; the'only notable difference being that the

. shell side was constructed of 3 inch type "K" seamless copper

tubing instead of 3 inch carbon steel. Cooliﬁg water was
controlled by a hand valve and rotameter. The flowrate of
the distillate product, withdrawn from the overhead, was
controlled by liquid level control on the product drum. The
two. stainless steel product tanks measured 18 incﬁes in diém—
eter and 28 inches long. The reflux, pumped onto the reflpg
distributor platéjh;ék under flow control.

The bottom's system consisted of a thermosyphon-

reboiler, a bottom product cooler and two storage tanks. The

reboiler, a 8 inch diameter copper shell and tube heat ex~

) s
changer, was mounted vertically on the bottem of the

column. The shell's thickness was 0.125 inches while the

copper tubes had a 5/8 inch outside diameter and a 0.045 inch

e
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‘wali thitkﬁess. The heat exchénger tubes, numberipg—fpurty-

eigh; and éighteen inches in length Qurrounded a central 2"
pipe.' Steam condensed on the shell side and liquid circulated
on the tube side. The bottem product withdraw;I‘;;te was
goﬁerned through a reboiler liquid level control system. A
bottom's cooler, of the same design as the overhead condenser,
served to cool the bottom's product before storage. The two
horizontal stainless steel stofage tanks measured 24 inches
in diamgter'and 48 iq?hes in iength. bl

The piping system was désigned to permit direét
transfer betwéen feed, bottom and product tanks. This allowed

for product recycling and blending.

IITI Control Loop Algorithm-

For Proportional-Integral Control (P-I)(Z), Fhe.
mode of control is described by the relationship

) t
M(t) = Kce(t) + &f e dt + Mr (1)
T
o

There are two control action terms; the first term
is proportional to the error and the second is propertional
to the integral of the error. Using numerical integration,
the output signal (M) can be calculated for the discrefé time
°t"; in this form the control scheme can be implemented with

the use of a digital computer.w'Using the trapezoidal rule

for numerical integration, equation (1) becomes, at time N,

) N
t
M. = Kc [EN + —— I sk + E:k—l:| + Mr - (2)
T1 k=0 B

T Tt il pemen e -
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This equatlon, known as the p051tion form of the
algorithm, enables the actual valve position (Mﬁf/;; be
calculated from the error sequence. An alternative to this
is known as the velocity form of the algorithm which calcu-~
lates the_change in valve .position rather than its actual

position. At time (N-1)

£ Nloo 4k
[EN-l +—=— I Sk k—l] + Mr (3)
"I K=o 2 v
Finding AM results in the velocity form of the
algorithm:
MMy = My = My, B
= - =
= K, [(eN cyer) * 7Ey (e 1)] (4)

This form of the algorithm has the advantage that it needn't
be initialized. e

In this study a modified version of the velocity
form of the proportional-integral control algqfithm'was used.
The modifications being ﬁhat upon termination of
manual control, the (N-1) error was assumed zero and that the
current process inputs were used as control setpoints. This
last modification was incorporated into the control scheme
because of the large range differences between the measuring
eleﬁent and the control valve. That is to say a control
valve input of 8 PSIG may cause the valve to remain closed
‘while an output of 8 PSIG from a d/p cell may indicate a

substantial flow. This was done to assure a "bumpless™
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transfer from manual to automatic control. It is analogbus

to the procedure for "bumpless" transfer on analog controllers;

from a manual or output related setpoint to an automatic

Kt et Lo

control or input related setpoint.

The computer controlled variabies in this study
were limited to the reflux and steam flowrates. Feed floﬁ—
rate was monitored to permit_a feed forward control scheme

to be implemented in the future. The distillate and bottom

flowrate were under analog level control while the feed was

on flow control. 1In all cases, the control scheme involved
the proporfional—integral control algori . -

Figure 4 shows the experimental column before control

loop ugcoupling while Figure 5 represents it after.

a4 .
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FIGURE 4
SCHEMATIC DIAGRAM OF EXPERIMENTAL COLUMN '
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CONTROL LOOP UNCOUPLING OF COLUMN
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‘Cémputer Operating System

iéoftwaﬁé, that is t0 ‘say computer programs, can be
,.ﬁiQided into three‘majbr categories{?)(Table’l)._Sqftwaré_which
pérforms A:specifié task sughtas solving an equation or main-
- taining a filing system is cailed;;pélicatiéhs sbftwa:g: Oon
the other-héna, software ééﬂ aiéd aid‘prog;ammers in Wriping
appiiéétions software, this-is often céliga~develo§ﬁental |
software. - Ex;mplés of this-arg'cbmpilefs, assemblers and
debuggefs. ‘Lés£1yither§ is softﬂaré which is used to'cqntroi

the operation of the.computér syétemQ This is a master pro-
> ) b ) ) 1
‘gram which controls all activities of the computer systemn.

It is referred to as Operating System, Executive or Supervisor.

- " The role of the Operating System is simply to co-
ordinate major activities of the computer systém;'with a mini- "~
- mum of user interaction, as efficiently as possible. . Most

- minicomputer operating systems perform task scheduling, control

of 1/0 operations as well as handle communicatiohs Wetween

computexr system and opetator. Because of the limited resources

b

Iavailable, minicomputer operating systems tend to be much less

- v -

powerful than larger computer systems, however their basic

objectives are the same.

A specific type of operating éYstem_relating to a
real external time eﬁvirénment, is called a real-time operating.
system(s)z Real time in this context, ¥efers to the operating'
-system‘s ability to‘execufe tasks according to a predeterminéd

A
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time schedule. This time scheduling is required for the

'operation of external equipment in the computer system.

Scheduling is accomplished using a clock referred to as a
real time c¢lock. Program sequences afe executed in response
to interrupt requests from the real-time clock, sensors or
control logic és:well as in fesponsé to keyboard commands.
Proéram Sequences or .tasks are assigned priorities permit-
ting efficient coordination for their execution. =
RTOS

The.Datagene 1 eal—timexoperating system for the
Nova computer family(7) (RLOS) is a multi-purpose monitog
capable of controlling a wide‘variety 6f real-time input/
output devices. The system, entirely core fesident, felieves
the programmer of the job af task scheduling and priority
handling necessary to handle a nuﬁber of tasks in a real-time
environment. A task is defined as -any logically complete '
program segment. Only one tésk can have control of‘the ce;tral
processing unit (CPU) at a time. RTOS provides supervisory

conﬁrol and determines which tasks are pending execution and

. in what order they are to be executed; this is called Task

state transition. This is one of the four basic operations
within RTOS, the others are task syqphronization/communication,
real-time clock servicing and input/output servicing.

A task may be in any-of four states. An executing

task has control of the CPU angd will retain control until the
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task scheduler reschedules a new executing’task. A pending
task is waiting for the use of the CPU and will be called

upon to bééome the executing task by the task scheduler. A
suspended task must wait for thé occurrence or completioh of
some real-time operation to again becoﬁe the executing task.

A dormant task is a task which is neither suspended, pending
or executing. This situation occurs if the task has not been
cfeated'in the system or if the task hés been completed. This
logic appears' in Figuré‘sa»

User progfams communicate with RTOS through the use
of a small Qet of meta-instructions coﬂsisting of machine
language subroutine calls. In this studyionly six of the eight
available meta-instructions were used; .10X, .FORK, .PTY; .WAIT,
.BRK, .QUIT. Each of these meta-instructions will be described
briefly.

The .10X meta-command is the standard I/O call in
RTOS. This instruction causes initiation of the desired I/0
then forces the current task to be placed in a suspended
state until the desired I/0 is complete, thefeby allowing
RTOS to execute an alternate task in the meantime. Since most
I{O dévices are slow compared to the computer this permits
more efficient use of the computer's processing capabilities.

| The .FORK meta-command is the basic mechanism in -
RTOS fof the creation of parallel processes. Thei.FORK
instruction execution creates a new "TASK" at a specific

priority level. The tasks are totally independent of each
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other and are placed in a pending state, the system scheduler
then determines which task (the highest priority level) will
be execﬁt?d. In RTOS a high priority level is indicated by

a low priority number.

lihe .PTY meta-command is used to initialize or .,
dynamicallg alte} the priority of the executing task. There-
fore with ﬁhe .FORK instruction, the programmer is capable
of assigning high priority levels to tasks which are always
important, or, low priority le§els to tasks which are second-
ary. While with the .PTY instructidn the user is capable of
changing the priority level of a certain task after, for
example some logic test has been completed within the task.

The .WAIT meta-command is used to delay the exe-
cution of the current task for a certain time interval. When
the current executing task encounters a .WAIT instruction,
it is placed in the suspended state allowing the task scheduler
to start execution of-another task of high priority level
until the time interval is complete. This meta-instruction
allows the programmer to use, the operations system's methdd
of measuring time {real-time clock).

The .BRK méta—éommand is not a general purpose
meta-instruction. This sbecial purpose command allows the
operatoé to communicate with the executing ?rogram through
the operator's teletype. The .BRK meta-instruction causes
the executing task to stop and wait in the "background" until

a specified ASCII character is entered through the teletype.

A
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task is resumed after the .BRK statement. This can be/used
- as a convenient way for the operator to initiate a
Qithin the program.

The .QUIT meta-command is used to terminate
execution of the currently executing task. It is the pro-
gram's signal to RTOS that a task is complete, it is implemen-
ted simply as an entry to the task scheduler.

The .XMIT and .RCV meta-commands are a complimentary
set of meta-instructions permitting inter-task communication -
and task synchronization. These meta-commands were not used
in this study.

RTOS, though only having eight meta-instructibns;
can be a very powerful vet simple operating éystem. The key
to programming within RTOS is the understanding of these
eight meta commands.

Handlers:

- Input/output through RTOS is achieved by the .10X
meta-command which is a machine lénguagé subroutine call.
This subroutihe determines which I/0 device needs servicing
then jumps to a service Program. These service programs are -
called drivers or hé;dlers. With the purchase of the RTOS
program, a small number of company-written handlers aré
supplied. If other devices are to be added to the system,
the user must supply his own handler to interface the device

" to RTOS. Three handlers have been written for this study




- 26 -

for use with RTOS. Their operation and uses will be briefly
discussed.

1. Power-Fail/Auto Restart Handler:

An option available with the NOVA family of com-
puters is the power~fail/auto-restart monitor. With this
option, when AC ﬁower fails there is a delay of 1 to 2 milli- .
seconds before the processor shuts down. The power moﬂiéor
option warns the Operating System when power is failing by
setting the Power-Fail flag; this results in an interrupt
demand. However, for an interrupt to result, the interrupﬁ
monitor must be activated or enabled (INTEN) . This option
is interfaced with RTOS through a power-~fail/auto-restart
handler. RTOS monitors the power-fail flag for every
interrupt processed.

Upon power failure, RTOS executes a jump (JMP) to
the handler where all pertinent information such és accumulator
content and program counter is stored. Before the processor
shuts down, the restart address is stored in location PFSET
on page 0 of memory and the address of location PFSET plus

-the indirect (@) instruction is stored in location 0 on page

0- .

The user program being executed within RTOS must
contain on page 0 of memory a pointer labelled PFSET. This
arrangement is necessary because of the relocatability of

the various programs.

S PP e P ey
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Upon powef restoratiop, the.processor executes a
"jump to location 0", page 0, this contains the instruction
EJMP @ PFSET"wﬁile'lécation PFSET contains the address of
the restart section of the power-fail/auto-restart handler.
Control is thereby returned to normal program execution.

For the automatic restart option to function, the
power switch of the processor must be in the "lock" position.

The power-fail/auto-restart option is a very valuable

‘device which works well with one exception. This will be

discussed with the HP-IB handler.

2. Digital to Analeg Converter Handler

The digital to analog converter handler is a program
which interfaces a digital to analog converter or D/A, with
RTOS, the operating system.

All transactions carried out within a computer
system are doné in a digital manner. However, it is possible
to communicate a digital result calculated within the CPU to
an external source by an analog signal. This is achigved
by using a digital to analog converter. This cémmunication
between the computer and an external dévice could permit,
for example, a computer opening or ‘closing-a valve.

The D/A handler is called upon when an .10X meta-
command referring to the D/A is encountered during program
execution, the D/A‘handler outputs a voltage signal and then
holds it. No interrupts are possible from the D/A as notﬂing

is ever input from the D/A converter. A D/A converter may
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have many channels or ports where it can output .an analog

signal; only two channels were present in the hardware system .

used.

3. HP-IB Handler:

. The .goal of any instrumentation system is to
monitor some process or perform measurements on some device.
The essential communication'’s link between componenEé of the
system is provided by an interface system. Interfaqiné is a
major problem in assembling a system ;ince each device requireé
a separate hardware interface as well as a separate software
handler. Hardware and software can be eliminated by creating
a standard interface system.' Such a system has been developed
‘and is called the IEEE 488-1975 standard(S), it defines the
mechanical, electrical and functional specifications in device
| and system independent terms; in this way the interface
définition applies to a broad range of devices. K The IEEE
488-1975 standard is often referred to as the HP-IB or the
Hewlett-Packard Interface Bus since the Hewlett-Packard Co.
developed the HP-IB system from which originated the standard.

The HP~IB has a party line bus structure with

sixteen signal lines, half assigned to the (bus) data funétion
and the other eight assigned to specific control and status
functions. Figure 7 represents this structure.

Data transfer is achieved in a byte-serial bit-

parallel manner on the bus and is accomplished through a three- -

- wire handshake. The three I/0 lines forming the‘handshake
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are "Ready for Data" (RFD), "Data Valid" (DAV) and "Data

accepted" (DAC).

With the HP-IB %f is possible td interponneqt up
to 15 devices with up to 20 meters total transmission length.
‘The minicomputer connected to the HP-IB can serve not only
as listener and talker on the system but also as systeﬁ
(HP-IB) controller. As system controller, the minicomputer
would direct communications betwegn talker and listener
devices on the HP-IB.

A software driver or handler, interconnecting in
a programming capacity the HP-IB with RTOS, must be written
in a general manner to permit I/0 data transfers for a number
6f devices.

-In the present system, two instruments were inter-
connectea with the minicomputer by the HP-IB; a'Hewlett-
Packard digital voltmeter (DVM) model 3455A and.a Hewlett-

Packard Scanner model 3495A. The digital voltmeter, able

to receive instructions and send results, is both a talker

‘and a listener on the HP-IB while the scanner, only able

to receive instruction, is stricti&_a listener. Since only.
one device (DVM) connected to the HP-~IB ishcapable of
issuing an interrypt?’ho serial polliné or parallel polling
capabilities were inéégﬁg% in the HP-IB handler.

The major éistinction of this handiér over most

of the others,is that the HP-IB handler is designed for

an interface system and not an individual device.
LN
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Referring to the shor;;;ﬁ;ngs of the Powef~Fai1/
Auto-restart handler with regards to the HP-IB, ?pon power
failure one of twé things may happen: each device may reset
itself as on initial power turn-on, or, each device may ignore

" the pdwer failure .and maintains its programmed settings. What
happens is dependent on each device so a combination of both
‘
happening in a system'is possible. The duration of the
power failure is the key to the power failure results. If
the power failuré is the result of a pulse or sudden drain
of voltage and is restored within 0.5 to 1 second, the
effects of the power failure wouid be limited to possibly
one false reading from the DVM. The power-fail/auto-restart
handler was written for this case therefore in the event of
a true power failure, power restoration would not resu}t in
system restoration. Writing a handler to cover the other

cases would be very difficult and would be too user program

dependent for reinitialization of instruments.
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Direct Digital Control

Hardware
1. NOVA:
A Datagenerel corporation (DGC) NOVA mioicomputer '
with ?lQZfIBK) 16 bit words, core memory was used(7). The

‘ ¢
NOVA is a general purpose computer with four accummulators;

two of which may be used as index registers. An ASR-33 Tele-

"type-writer served as operator's consol and to print hard

copies of,programe."other peripherals included a Datageneral
pProgrammable real-time clock nominaily set-at 100HZ, and a
powe&—fail/auto—restart option providing protection against

) .
AC power loss. A Datageneral high speed papef‘tepe feader
and'punchiserved for software development. Figure 8 shows
the‘hardware.system used.

2. Output Signal System: ' | b

Outward communications was achleved by a Datageneral
model 4037B two channel digital- to—analog converter "The
digital- to—anaiog converters.—lo.to +10 volts output signal
was strengthened by a power booster amplifier system designed

to output up to 100 milfiamperes at 10. volts. This enabled

. the digital-to-analog converter to drive two current—to—air

‘ pressure trensducers. The D/A converters' output signal had

a resolutlon of'O 02 volts and a settling time of 15 y seconds.

Flgure 9 ows the output 51gna1 system.
S

-

3. put Signal System.

The input signals from the three process sensors

0)

were rélayed to a Hewlett-Packard 3495a Scanner(l which

3 »

served as a ptogrammable-hultiplexer. The model 3495A Scanner
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. FIGURE 9

OUTPUT SIGNAL SCHEME TO MINICOMPUTER

-

2-8.5 V

F( Y

3-15 psig

-+

(¥

Voltage/Air
Transducer

Digital to " Nova
Analog . Minicomputer
Converter



- 35 -
?

was loaded with a ten channel "low thermal" decade. The
system could be expanded to any éombination of fou:l"low
thermal" or "activator" channel d;cades. The "low thermal"
decades are a ten-to-one apaloé ﬁﬁltiplexer allowing ten ///f
input sigﬁals to be'monitored by one meaéurement_ihst:ument
in a break-before—make-sequence. The activator decade relay
have two sets of normally-open contacts with four terminals
per channel. Any. number of channels in an actuator relay
may be closed or open simultaneously. A‘Hewlett~Packard
3455A pProgrammable digital voltmeter (DVM) measured the
Sigpal and inputed a digital number through the HP-IB data
lines. Both the Scanner and the digital-voltmeter were
connected to the NOvA minicomputer through the Hp-IB inter-
face. The model 3455z digital voltmeter makes AC voltage
measurements with 5 digit resolution and DC voltage and

resistance measurements with 5 or 6 digits resolution. The

3455A employs an automatic calibration feature which corrects

- for possible gain and offset errors in the analog circuitry

to provide maximum accuracy. - The 3455a digital voltmeter is

fully HP-IB programmable for system applications. Figure 10

shows the input signal system.

4. Interfacing, Transducers

to a pneumatic signal through the use of a Foxboro model 69TA~1
current-to-air transducer. The input signal ranged from 1o

to 50 milliamps for an output of 3 to 15 psig.
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' FIGURE 10
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Air ‘supply to the transducer was set at 20. psi {j Although

driven by current, the transducer was controlled by varying’
the D/A converter's output voltage siéﬁal; hen¢e the need .

for a power booster amplifier. The power booster amplifier

design is represented in Figure 11.

The sensors located on the distillation column
output a 3 te 15 psig air signal. Therefore an air—to—yoitage
transducer was needed to enable interfacing with the scanner
and digital voltmeter. The pressure transducers employed,
utilized a bonded foil strain gage sensing element. Viatram
tranducers, model 103,were employed, each having a range of
0 to 15 psig input and an output of 0 millivolts at 3 psig
input and 2.? millivolt times the power supply voltage at 15 psig.
The power subply use to drive the pressure transducers
provided 14 volts DC. Therefpre, full scale {15 psig)
pressure to trénsdﬁcer outputs0.035 volts.

5. Hp-IB |

The Hewlett-Packard interface bus system was em-
ployed as a res*lt of a need for a new input signal moni-
toring system. The existing system, an analog-to-digital
converter was limited by its maximum number of inputs (two)
and more seriously by a persis£ent "noise" problem. -This

noise problem was the result of electrical interference on
i+ (11)

the various input signals. Ching studied the problem
and tried to eliminate the distortions by means of a hardware

and software signal filter. The final conclusion was to
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buy a system able to-reject sich distortions. A system
most suitable to our needs, was the Héwlett-Packard digital
voltmeter model 3455A. To complete the system, a compa-
tible multiplexer Hewlett Packard model 3495A was also
purchaéed. The hardware/software link between this equipment
was aqhiéved through the HP-IB.

Other advantages favouring the HP-IB system are
its versatility and adaptability. It can readily accept a
considerable amount of equipment with a minimum of_software and hard-
ware changes needed to the existing system. No special inter-
face board is necessary for additioﬂﬁl equipnent to be added

to the HP-1IB.

-
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Direct bigital Control

Software
Software, as ogposed to hardware, is all of the
material used in the development and implementation of pro-

9

grams used within the computer system The basic require-
ments of any software package' varies in relation to its end
ﬁse. For a direct-digital-control computer sysfemt the soft-
ware requirements are desc;ibéd as followsss)

-

1. Development Programs: Various developmental aids are

supplied by the computer firm. These programs are usﬁally
in the form of editor, assembler and debugging programs.
Editor programs are used in the actual writing J¢f the pro-
grém and in making corrections to it. Assembler programs
ére used in translating computer instructions written in
mnemonic form intc a machine compafible format. Debugging
programs permit temporary stops in an executing program at
various chosen locations, enabling the user to verify his
program. ‘These are but a few of the aids used iﬁ program

development, others include program loaders and compilers.

2. Operating System: For any type of direct-digital-control

software package, there must be some sort of program which

is used to coordinate the overall system. Whether this
coordinating program is directl& incorporated within the basic
control program or in a separate form, it must be present.

In a separate form, it is called an operating system and
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is usually written in a general non-dedicated manner to
accommodate many different end users. The operating system

schedules execution of programs according to priority, timing

‘or special request. All instruments connected to the computer

must be linked to the operating system through a small pro-

gram called a handler.

3. Computation Aids: Thése aids are written in the form of

general programs or subroutines and are usually supplied by
the computer manufacturer. Depending on the computer firm,
the extent of these supplied programs may vary greatly. Two
examples of program aids are, a floating-point-interpreter
and a subroutine to convert numbers in ASCII format into
binary numbers.

4. Control Program: This program implements not only the

control algorithm, but also is required to scan the process
inputs according to a sampling scheme.and convert this data
in£§ computer acceptable units. After implementing a control
algorithm, the results must be output through én output

system. Other important parts of a control program include

.data logging and operator communications; the user must be

able to change control settings while the.computer is still
controlling the process.: ihe control algorithm section is
the essential part of a control program and must be written
in a modular fashion to permit easy- interchanging of control

schemes,
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When a direct-didital-control computer software
package is devised, these four sections mdst be inciuded.
They should be well documented to permit a second user to
use the fundamental framework of the developed system and
improve upon it. |

In the developed software package, the basic frame-
work is modular enough to permit a new user to simply add:on
subroutines to suit his own requirements.

All parts of the control program package were
written and tested individually; after successful operation
they were linked together to form the control program.
Exéensive program testing was done using the various "Debug"
programs available from Batageneral Corp. The control scheme
consisted of a proportional-integral (P-I) control algorithm.
All operator communications used through the control program
presented the various control parameters in their true units.
That is to say a proportional gain (Ke) of 1, representing an
error of 1 psig, resulted in ah increase of the output by 1
psig, similarly the integral constant Tyr had units of seconds
to the power minus one.

The first three of the four requirementé needed
for a direct-digital~control software package, wére met
through the use of Datageneral furnished ﬁrograms. The only
exception, relating to software developed by the author,

pertained to 'various instrument handlers.
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The last requirement, the control program, will

be broken down into subsections and discussed individually. . ;

Figure 12 shows the logic flow chart of this program.

1. Reference Table: i

This section is the central data base of.the centrol
program. It contains both a page 0 and a page 1 relocatable ‘
. section. Since page 0 memory can be referrea to from anywhere
in core memory, it was used as a reference table for all
variables and constants. The page 1 memory section was used
for data not necessarily referred to in the control program
notably the floating-point interpreter work area; this 120

memory location area was used as a small scratch-pad memory

for computations within the floating-point interpreter. The
data base of this program is easily expandable and permits
straight-forward addition or alteration of variables.

»

2. Initialization Program:

S

The initialization program serves three functions:
it serves as an entry point to the control program from RTOS,
it serves as an initialization routine for the céntrol program
and finally it is used as a cbntrol loop timer. Entry point
from RTOS is determined by the use of the label "START:"
which is declared an external in RTOS. The initialization
supsection assigns a priority to the task for RTOS, calculates
vafious censtants and initializesboth the floating point inter-

-

preter and the digital voltmeter. Before proceeding into the

o
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FIGURE 12
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control loop timer routine, tﬁ; initiélization program tran-
" 'sfers into the manual pProgram to permit process start?up.
Upon successful start-up, the opérator signals completion
and the program returns to the ihitialization routine to
enter the control loop tiﬁég. For the present study the
control loop timer was set for 0.5 seconds, meaning that
control action took‘place every 0.5 seconds. This time con-
stant ié dependent on the complexity of the control algorithm
and the time required to implement it. It can eaéily be / !
changed to accommodate any particular scgeme. The mechanism
of the control program is simplified by thé use of various
meta-instructions available from the operatipg‘system. Within %
the timing loop, the control action task is ¢reated ata higher
¥ priority level than the executing task. A "WAIT" instruction

| is executed, permitting the task scheduler t6 executed any

other task during the 0.5 seconds. During the WAIT time
‘ . ‘

control is transferred to the control algorithm task. Upon

terﬁinatioﬁ, the computer is idle for the remaining time of tﬂe

HAIT meta~instruction. The excess time may be minimized to : .
- suit individual needs; in this particular case éke excess

time was approkim%%ely 0.15 seconds. Upon completion of the:

WAIT meta-instruction, ﬁhe control task is reinitialized

through the .FORK meta-instruction. Program execution is

returned to the .WAIT meta-instruction thereby completing a

loop. This scheme permits the user to know the control loop-

timing. Figure 13 represents the logical flow the
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initialization program.

3. Control Algorithm Program:

The control loop task uses a proportional integral
control scheme. Inputs are from the feed rotameter, the |
, reflux rotameter and the steam 4/p céll, therefore all inputs
are flow measurements. Outputs are limited to the steam and
reflux control valves; the‘feed stream was monitored to per-
mit future program development to incfﬁde a feed-forward
control loop. Each channel or input is monitdied.before any
control action is Ealculated. Upon completion of the controi
action calculations and cutputs to the valﬁes, a parallel
task of lower priority is created through the .FORK meta-
command. This lower priority task, upon termination of- the
cohtrol action task, recreates it. This for;ét is necessary
if the control loop timer progrém is to be used and because
one;task cannotrééreateitself while stil? being executed.

A special section was added to the éontrol action
task to permit x “bumpleés“ transfer from manual operation
to computér-control. Upon termin;tion of the manual control
task and entering the automatic control loop, the first input
from each process sensor was used as the loop set point rather
than the manuai éetting output by the user. This rout;ne was
necessary since the output to the valve;varied greatly with

the input from the flow meter during(steady-state,6beration.

A subroutine called "DAEXT" was written to insure that the



result of the control action did not exceed process equipment
limits. A logic flow chart of the control algorithm routine
is shown in Figure 1l4.

4. User Communication Programs:

The next foEr sections of the control pfogrém can
be grouped together since they are, in reality} one task with
respect to RTOS. 'These sections link the user with the con-
trol progrgm; they include a set.point change routine, two -
contrel parametér change routines and a manual operation
routine. Each section, although coming from the same origin,
will be discussed.separately.

——

. a) Break Routine: This routine is entered from the

P';‘\

initialization or control tasks by the use of RTOS's ".BRK"
me;a-ipstrudtion. The user forces entry into this task by
~tﬁe input of an "A" from the teletype. This constant ("A")
may be chang;d to suit the user. Once the task ‘(break task)
is started, a teletype input is demanded; This input deter-
mines‘vhich type of user coﬁmunication is needed; an input
of AM indicates that the user wants to‘enter the manual
cperation task, AR represgnts a fefl control parameter
change ané so forth. Therefare five such tasks, if by mis-
take an error is committegd the task terminates itself permit-
ting the user to resfart. From this routine, the "BREAK"-

task branches to one of the various communications routine.

A flow chart of this routine is presented in Figure 15.
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S

b) Steam kc, Ty Changes: Upon input of the 1et2;}s
" AB on Feletypewriter,prqgram execution is dedicated to the

kc'TI steam control variablé change routine. This routipe
outputs the present constants and demands the- input of new
ones. Since the priority number of' this task”is higher than
that of the control task and control‘loop timer task, the
execution of these last two is unhiﬁdered. Thé steam kc'TI
change task is executed simultaneously with the other two,
the execution in reality, is done during the excess .WAIT
time in the control loop timer. " Therefore, to permit fhe
cocurrent execution of the control task and the user communi-
cations task, it is necessary té-have some "idle" time in-
cluded inllhek.WAIT meta-instruction, All changes done
:through this routine are implemented immediately. A logic

flow chart of this routine is shown in Figure' 16.

¢} Reflux; kc Tr changes: This routine, entered by

an input of AR on the teletypewriter is essentially identicai
to the previous routipe except that it pertains to the reflux
control loop. An amalgamation of these two routines would
not result in any memory savings beéause each routine,
although structurally identical, has its 6wn particular

_ variables. Therefore, for ease of debugging and future alter-
ations they were written separately. Both these tasks upon
termination recreate the "BREAK" task. A logic flow chart

of this routine is shown in Figure 17,
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FIGURE 17
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d) Set Point Changes: By the input of AS on tﬁe Tele-
typewriter, the program jumps to a routine which permits
set point cﬁanges to both the reflux and steam control loops.
This routine ighﬁgl intended to act as a process dynamics
testing routine., Having a higher priority nﬁmber that the
control loop ;nd the control loop timer tasks, it is executed
dﬁringvthe control locp time; "idle" time. It oﬁtputs a
message, the present setpoint, and then demands a new set
point, the procedure is repeated for the other control loop.
This procedﬁre, although very convenient for user interaction
is much too slow for process dynamics calcuiation. Figure
18 shows the routine's logical flow path,

e) Manual Operation: This routine may be entered from

two different locatlons depending on the teletypewriter 1nput,
an input of AM results in a listing of operation lnstructlons
-whlle an input of AN proceeds directly into the manual control
program. After entering the manual control routine, one of
the'first operations-pérformed is to increment the manual
control #ariable {(#0). This variable, always tested for zero
before entering the control loop'task, will prevent control
loop task_execution while on manual control. This contrasts
with the simultaneocus execution of pfevious user routines
with the autoﬁatic control loop.

The structure of the manual ;ontrol routine is

straightforward. The instruction message (if called by AM)

states that an input of 0 results in a 3 psig output while
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. a 35000 input to the-teletypewriter results in a 15 psig
~output to the controlfvélve. Each control valve is-identffied
by a letter proceeding the numerical input; an "R" fepresenté
reflux while an "S" indicates steam. An input of "T" or of
any other letter results in the termlnatlon of the manual

control task. Before the manual control routlne termlnatlon

the user is asked whether any k 71 changes are in order and

1f "ves", for which control loop. Upon completion of the k
* I

Ty changes routine (assuming "yes"), the manual control

«woutine again asks whether there are any~kc,1i changes to

be made. This looping will continue until the user responds
'with a "no". As with the initialization routine, upon return

" to automatic Eontrol‘ the first process sensor inputs and not
the user s output value are used as the new bProcess set points.
Termlnatlon of the manual control routine results in the
creation of a new task which is used to reinitialize the

"Break" task. -

A manual control roptine is essential for debugging
an‘automatic control loop and for process start-up. A two-
point entry system was found to be beneficial for subsequeﬁt
useé of the manual control routine or for the experienced
useE/for whom the inétruction messgge was repetitive. Figures

19 and 20 represents the manual control routine's logical flow

path.
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FIGURE 20
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Y )
5. Support Su’brémflnes :

TwO relocatable'subroutines which could be called
from anywhere in the program by using the page 0 refereﬁce
table, were used in input/oufput handling. One routine was
used to convert an "ASCII" character string to a single
precision binary number, the other to cenvert a single pre-
cision binary number to an "AgCII“ character.string (decimal
format) and output it en the teletype. Both subroutines are
based on Datageneral supplied software but were modified for
use with RTOS. .

Another subroutine, stored in rhe reference section
on pege 0, was written to permit resetting (settihg to 0} of
an inbut storage area. This subroutine, called "CLEAN" has
a storage area of 21 memory locations. Still another sub-

‘routine, called "DAEXT", wes uéed to check for D/A output
extremes., A maximum of 15 psig and a minimum of 3 psig were

the permitted limits.

6. Floating Point Interpreter:

The extended version of the.l)atageneral Floating-
Point Interpreter {(Datageneral No. 091—060013) was used for .
ﬁathematical computations. Being a separate program, linking
between the floating-point-interpreter and the user softWare,
was achieved throegh the use of meta-commands; "FENT" to
enter the interpreter and "FEXT" to exit it. Rules and

rEgulations concerning the Floating Point Interpreter are

well defined in the program manual. Being an interpreter,

e« i i bt

e Bl i
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instruction execﬁtion-ﬁas slow but tﬂe-use of thé interpreter
waslétill justifiable; it liberates the user of writing

- umerous matheﬁqﬁical operations sﬁbfo&tines. .The use of &
:floatihg ﬁbint format also permits very large nﬁmbers to be
calculated with a high degree of precision.’

7. Programming with the HP-IB

* (i) Digital VoltmeteAi}DVM) iDuJ;ng the initialization
se;tion of the control progran, the DVM is initialized. ‘This
consists of sending a bus-clead, instruction which is equivalent
to JORST for the NOVA ¢ompute;. Then talker control was

enabled gsiéitting the NOVA to acf as both system controller
and talker. The attention line is then set high indicating that
instruction commands are to be sent .on tpe d§ta-lines. The

a “

DVM's listen a« ress, "66", is .sent on the HP-IB data-lines,

setting the DVM in\listen mode. For both the DVM dna the

alk gddresses were set by the user.
Attéhtion is then set low indicating a data transfer. There
are seven variables on the DVM which must be set; the property

'
. .
to be measured, the range, the measurfement scheme, the use

~of the math option, high resolution, auto-calibration and :
~ finally the data ready switch. Once these variables are set,
the attention line is set high and a qniversal unlisté{f
command is.sent. .

‘During the. control loop, to take a reading, only
a triggering is required to activate the DQMf Thils triggering'

is achieved by setting the NOVA as system talker an ttention

i

. H

-
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“high. With the DVM addressed to listen and attention reset -

ldw, a manual/hold instruction is sent., This triggers th
DVM into'takin&ra measurement. The system controller, the
NOVA, is set as a system listener and:a star£ pulse is sent
on the HP-1B resulting din:an interrupt request. Subsequent.
measurements are achieved in a similar manner.

(ii) Scanner: To program the Scanner, the'NOVA_
is set as system controller and talker. The attqntion line
is then raised and the Scanner's listen address, in this
case "51", is outpuéfon the data lines. In the data mode with
attention lowered, three instructions afe,needed to program
the Scanner; select th? proper channel decade, select the
channel needed and execute the proceeding instruction;.
Execution is achieved by~ the outpu£ of "15" or an "ASCII"
carriage return. Attention is then set high and a universal

unlisten instruction sent.
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4

Experimental Run:

//f To demonstrate the stability of the developed

tontrol program and the feasibility of direct digital control,
various experimental runs were conducted on a distillation
column using a 17 mole % methangl water feed.

The distillation column, as described in previous
sections, was interfaced with the minicomputer; the mini~
éomputer was used as a controller for two control lopps. The
control settings for .the proportional-integral control scheme
used to control the column's reflux and bottoms flowrates,
were determined in an on-line trial and error manner. These
settings, by no means optimum, providéd an adequate means of
testing the control s&stem. In all the trial rﬁns, the
control settings were kept constant. Appendix III lists the
control settings and various process conditions for 3 runs
of .a 17 mole % methanol-water solution distillation. These
results are appended for matter of record and do not indicate
long term control stability or accuracy.

For these experimental tfial ruﬁs, thermocouples,
rotameters, and control valves were not calibrated. This was
not done as the essential goal of this'work was not to study
the dynamic behaviou; of the distillation column but rather
to demonstrate the feasibility of computer software for e
control. The computer control system proved itself to be

effective and stable in maintaining the distillation column

at steady state conditions. The serious noise problems
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(11)

encountered b& Ching were avoided with the new input

-signéi analysis system. Both the DVM and Scanner performed

L

as specified by the manufacturer to filter out distortions.

Pl



RESULTS & DISCUSSION

The objectives of this study was to develop a
flexible software package for direct—digiﬁal control, to
develop a hardware configuration not needing coﬂstant changes
and to implement the first two s&stemsgby controlling a ten
tray distillation col%mn using a P-I control-;cheme.

The software package developed included an opera-
ting system, support software and a general control progfam.~
The real—tim; operating_;ystem, being nqn-dedicated, éan be
used in its present form in future work. The.suppo:t soft~
ware is well documented and tested,permitting straight— .
forward use. The control program is written in a modular
fashion so it can easily be ammended to suit future needs.
The three handlers written, the HP-IB, the D/A and the Power
?ail/Auto-Resﬁart handlers, work&well and need not be changed.
Extensivé debugging and testing was performed to assure
reliability_and accuracy. The oﬁly change needed would be
if other equipment is to be added on to the-HP-IBisystem;
the HP-IB handler interrupt serviciﬂg routine doesn't have
polling or broadcasting papabilities.-.In the present system
éhis was not necessary since onIy one instrument talker (DVM)
was present on the system.

The hardware packaée developed is now fairly com-

plete with respect to direct-digital-control. Expansion

would be needed if complexity of programming increased or if

s




e

- 65 -

a FOﬁTRAN compiler is to be used. If the number of éontrolled
variables is to increase, a new D/A converter would be ngeded
since the D/A converter presently used has only 2 channels.
With respect to the hardware and software system
developed, the number of inputs or output variables could’
easily. be increased to aceommedate a different control scheme.
Within the Heveloped software package the author's
personal contribution included the writting and debugging of
three 1/6 handlers? the HP-IB, the D/A converter and ‘the Power
Fa?l/Auto—Restart handler, and the design and debugging of the

control program.‘ RTOS, although a Datageneral Corp. issued

- program, required additional debugging and had to be revamped

to accommodate the three additional handlers: this worg was

also done by the author.

-~

+ The ﬁérdware system developgd centered around-the
Hewlett-Packard Interface Bus System. The decision to purchase
this particular system over others was of great importance siﬁte\\\\
all futufe process control work was to be 5ased on the chosen
hardware configuration. Accuracy aﬁd system flexibility were
key issues. The evaluation and selection of the HP-IB system
was in part the responsibility of the author. All hardware

connections and interfacing was also done by the author with -

- the exgeption'of the HP-IB/Nova computer hardware interface

which was purchased from ,patageneral Corp.
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CONCLUSION & RECOMMENDATIONS

The fundamental objective of this study was to

“-enable future work to be carried out in coﬁﬁater process

control in a more structured and uniform manner. The hard-

.
Wware configuration developed will enable all future work to

be done with a minimum of hardware interfacing. The system

- developed is simple, accurate and easy to maintain. With

this hardware system in Place, future control work be
concentrated in the actual control as any necessary expansion
such as expanding the number of D/A output channels wbuld '
iny be duplicating existing facilities.

The software sysfem'developed is quite complete
and is built around an accurate yet simple control program.

The basic designwof this control program permits most changes
~ ' :

to be made with a minimum of work.

However, whatever the realizations of this work
all advantages would be lost if future work is not based on
past experience; future work should consist of addfndggg the
accumulation of éxpertise and experience. In the past, all
research was done without continuity so expertise and ex-
perience were lost. é

" Future expansion may folléw two routes: oﬁq being b
a general system éxpansion, the otﬁer would be the development

of a new control approach. A system expansion would consist

of the purcdmse of new equipment; a first priority-would be

\M_.
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a new D/A conveérter. The presen£ D/A converter has only two
channels with a maximum expansion up to six channels. Since
compatible new channels are vg&y expensive, a new D/3 con-
verter, possibly connected to\lhé HP-IB would be cheaper. kR
By .using the HP-IB as system interface, only the D/A converter
need be purchaged thereby saving the cost of the otherwise
necessary inferface board. Other priorities include proceséh
interface instruments such as transducers. The second route .
would be a, radically new system aéproach; this would necessitate

the purchase of an additional BK of memory, a floppy diskette

system and software. This new system approach would permit

all future work to be carried out in a high level languagé

such as FORTRAN. By using a FORTRAN compiler, .the uninitiated
researéher would be alleviated of using ASSEMBLER, a possible
. .

saving of 3-6 months in programming time for major work.
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- Glossary of Terms

accumulator: (hardware)
» small "scratch pad" memory in CPU used in Programming.
actuator relay:(hardware)
switching mechanism not using special reléys to
Protect against signal distortioh,used in Scanner.
analog: (hardware)
represented by means of continuously variable physical
quantities, contrast with digigal.
ASCII code:'(softwaréj
American national standard code for information
interchange, standard code using a coded character
set, consisting of 7-bi£ coded characters.
assembler: (software) '
translates an assembler language-or a low level

/”1\\

instructigh on a one-to-one bhasis.

binary: {software)
refers to a number base; base two
bit: (hafdware)
a binary digit, either of the digits 0 and 1, smallest
part in a compﬁter word;. for the NOVA minicomputer

system 16 bits=1 computer word.

,

~
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bumpless transfer (Boftware)'
refers to.switch over from manual to automatic
contreol without any signal disturbgnces.
byte: (hardware)
a binary element string operated upon as a unit, in .
the case of the NOVA minicomputer equals 8 bits or 1/2
computer word. )
central processing unit (hardware)
CPU, a unit of-a computer that includes circuits
controlling the interpretation and execution of
instructions.
compiler: *(software)
translates one compiler language or high level language
instruction into many‘machine language instructions.
controller: (hardware)
‘device connected to HP~IB which controls the operations
on the bus,
core memory: (hardware)
a magnetic storage in which the storage medium
_consists of magretic cores.
CPU: (hardware)
refers to Central Précessing Unit.
current-to-air_traﬁsducer: (hardware)

instrument which converts an electric current into

an air signal, needs an air power supply.

.
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- D/A converter: (hardware}

refers to a digital to analog converter
data logging: {software)
ordgrly storage of information in computgr memory
or pheripheral such as magnetic tape equipment..
debug: (software)
to correct, name of Datageneral program (Debug I,
II, III}) which can be used to follow program
execution. )
decimal: (software)
refers to a number base; base 10 .
digital:.(hardware)
| 'pertains to digits or to the representation of
data by digits, ceontrasts to analog.
digital/analog converter (hardware)
- interfaces minicomputer with physical equipment
decodes digital-signal into.analog one.
digital computer: (hardﬂafe)
a computer in which discrete representation of
data i% mainly used.
digital voltmeter: (hardwére)
instrument which converts a sigﬁal from analog
ér continuous form to digital or discrete form.
double precision: (software)
nuﬁber representation within two computer words

(32 bits for NOVA).
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Editor: (software)

program which makes it possible to create, update and
5 \ _ .
change programs, facilities such as line deletion and

word corrections are incorporated.

floating point interpreter: (softwate)

refers to interpreter program used in floating

point number manupulations.

-

.floating point numbers: (software)

number using a floating point format, an example

would be 10.735 E + 03, any base power may be

A

_used.

handler: (software)

vy

I/0 operations are called through a subroutine known
as handler, involves interrupt servicing (if
applicable) and data transfer, (part of operating

system) .
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T IEEE:
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handshake: (hardware)

*

communication linking with timing considerations, conc- -
erned that data levels on_input or output may not be, -
"established 1ong enough or soon.enough to complete data

,//transfer.
hardware:

deflned as the equlpment used in a computer system as
opposed to computer programs, procedures, rules and’

assoc1ated documentatlon, contrasts w1th SOEttiii;J/

HP-JB: (hardware)

'_Hewlett-Packard Interface -Bus,. see interface bus.

-

Institute of Electrical and Eleotronlcs Englneers

1ndex reglster- (hardware) .

accumuletor or register used in calculating efféctive
2 - ) EE }

"o

.addpess,
:interface bus;_ (herdware) _
. HP-IB, interfacefsystem implementing the IBEﬁ 488-1975
standard},based éh the Hewlett'Packard iuterfaCe ouél
- system. ) ) g | |
rnterpreter- (software) Q?u ‘ )
translates one sou;ce language statementua€?% tlme,:‘

)

executes the resultlng machlne 1angtage=1nstructlon or

[

B ]

- Flnstructlons,then translatesmthe next stetement. r
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o [fﬂx,,Q/'interrupt: (hardware) X
: L L

when a device needs seréicing, it requests an interrupt
to the processor (CPU).

I/0: (hardware} '
input/output. .

listeneér: (hardwaré)

device connected to HP-IB capable of recéiving instructions

or data from bus, .
) “low thermal relay:(hardware)
switching mechanisﬁ using Reeéd relays providing. low
signal distortion (scanner). |
machine language: (software) '
‘a camputer language that is used directly by a mabhinej
minicomputer: (hardware). ' ;
arbitrarily defined as a digital computer whose mini-
mum configuration (4K'memory,teletypewriter).costs under
9$20,000 and usually employs short computéﬁ'words (under
18 bits). L T -
module: (software)
- a prograﬁ unit‘thét ;S'Qiscrete and is identifiable
with respect to others.- | _ L.
N meta -instruction: {softwaéé) | T N
. commnnigation Qetweenﬂpperatiﬂé systenyand,usérltasks‘
.-is imgleﬁentea thr;uéh mQta—inst;uEtidhs, a ?gchiﬁ§:

i " : {'

¢ language subroutine call. o : T

- . e !

L) . - . i
. - . . [ '

' »

A

o
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| page l: (hardware)
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multiplexer: (hardware)
switching mechanism by which several‘ippuf signals can
be connecteﬁlto one computer entry port.

obje‘ct tape:' (software)

source program fapeltranslated into machine language
program tape, eq&lvalent to binary tape.

ocfal: (software)
refers to a number base; base 8 -

operating system: (software)

program that controls the operation of the Finicomputef

system, ’
page 0: (hardwefe)
refers to memory, memory is divided into pages, in NOvVa

minicomputers, page 0 addresses are referable from any-

where in memory.

'

refers to memory, .refers to total of memory minus page 0

ih NOVA minicomputer system, is not necessarily referable
v N +

from anywhere in memory.

parallel polllng--1software)

method of determlnlng which device requested 1nterrupt
device needlng serv10;ng 1nput a digit 1 1n 1nput word

'other lnput 0, location of 1 determined dev1ce needlng‘

servicing. ’
_peripherals-'(hardware)
e . d

. any. equlpment dlstlnct from the centggl proce561ng un it

that may provide the'’ system with out81de cqmmunlpatlgns

or additiocnal facilities. L . : .. #j{\\.

I

- . ' R S SRR
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power fail/auto restart: (ﬁardware)
optional equipment which warnsg of power failure,
restarts program eXecution upon power restoration.
program loader: (software)
program usea to load into' the computer's memory binary
‘paper tapes produced by the assembler program.
real time: (hardware)
pertains to the actual time during which a physical‘

9
process transpires. ™

‘real time clock:. (hardware) |

"a device that measures and indicates time, a device -
that generates periodic signals from which synchonisms

- may be maintained.

-~ reentrant: (softwa;e)

subroutines designed to work properly when they are
interrupted and recalled for interrupt servicing,qﬁe
called reentrant. '
relocatable: (soffware)
memory positionuindepéndent, a program which is written
to run independent of its specific memory location.
RTOS: (software)

real time. operatang‘sys;em, operatlng system supplied

EMQ by Datageneral of Canada Ltd.

scanner: (Qirdware) . . e

" device (HP-3495A) which- serves as a multiplexer for

process inputs the computer.

4

/ - . ’




scheduler: (software)

3 . task scheduler, routine which is used to determine the
order of tasks to be executed by the computer, part

of the operating system.

N

serial polling:nﬂsoftware)
i . - method of determining which device is requesting an
interrupt, teste each device one at a time to defermine
which is requesting.interrupt.
single precision: (software)
- . - number représentatlon usxng one computer word (16
bits for NOVA). '
source language: (software)
a language from which statements are translated.
source tape: (software) S :
program tape wrltten in assembler language.
talker: (hardware) - ]
device connected to HP-IB capable of sending instrucri;ns'

or data from bus.

task‘schedulefidjgoftware)

routine which is used to determine the order of tasks

to be executed by the computer, pPart of the operating

system. ' ;' . o o~

teletype: (hardware) | ‘ o
,typewrlter—llke deV1ce capable of produc1ng paper—tape,irsgy;a

readlng paper tape and typlng out on paper, 1nterfaced ¢hk"i'

with computer.
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user program: (software)
software which is designed and written by the user,

contrasts with manufacturer supplied software.

. &~ .
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APPENDIX II

SOFTWARE PROGRAM PACKAGE
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H 4‘*4‘**#*****#***!t*%#*#**#*##*#ﬂ«#*&JF-‘!JIHIHF, -
3 H »82 -
3 RTOS DEVICE HANDLER H
3 3
3 DIGITAL TO ANALOG CONVEKRTER 3
3 3
3 WOKD COUNT >1., IGNOKED 3
3 CONTROL WOKD AAARRRYYYYYYYYYY H
3 A=CHANNEL # 3
3 Y=0UTPUT 3
3 R=I1GNIRED 3
3 .3
F A Ak e ok R A Ok AR AR R AR Rk Rk kR ok R Rok kR k]
.TITL  .D2AC
+ENT DACON
+EXTD +STAK
«EATN -DISN
«NREL
3 ADDRESS OF DEVICE CONTROL BLOCK
00030000234 " I0XIN
20081'Q0VYVY DACON: 0 3NO INTERRUPT POSSIBLE
2VPP2'PPBVY3" CBADR: CTBLK )
“3D/A DEVICE CONTROL BLOCK
VYVO3'YVVYVE CTBLK: 0O
VBG4 UYLV , 2
VOVBS5 'R 1400 C O OJMP @.3
234067002088 . 0
BUIYT *I056V23 23
PAB10 ' VBVOVO @
P8011'00B0DD ]
Q0P 12000y )
200130006000 %)
00314 OVBIAY Q.
P0U15"VRBR36" PTPA
PUB16°BYVIVIYEG "]
80217 RURVYY %]
02020 ' RYVOVY - ]
‘oRe21 'vovRoY 0
VBY22 ' BPBVEY "]
PLE23' 020000 S I
Y024 16V0VY  MASK:. 1608009 3MASK FOR CHANNEL
PYY25°VY17TT MASKL: 1777 JMA54 FOR OUTPUT
BVY26°'177777 OUT: «DISN 3 «DISN+20
'Y 02O27°09V¥B20 T CONST: 20 3JMP IOEND TO TERMIVATE
JENTRY POINT FROM .10A CALL ' -/
_ 3CCAC2) = ADDR. OF CREATED QUEUE BLOCK *
3CCAC®) = DEVICE CONTROL WORD
¥R@31°'B34752 I0XEIN: LDA 3sCBADR \#OAD ADDRESS OF CONTROL BLOCK
09031 '011407 ISE . DUBSY»3 NDICATE QUEUE BUSY
PP@32' V25460 - LDA 1,PTCBA»3 3GET FIRST ENTRY




vBB33"'125004

PUY34°' V02001

dYA357051400
90036024767
¥0837'11 100V
VRB4B " 123400
YoB41°'024763

PUV42*133400
28843'151120

BUB44* 1511w
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MOV 1,1tsS£k
JMP 8.S5TAK

JUNLIT AVALILABLE
L) STACK REWUEST

INOQ,

JUNIT IS AVAILABLE - OUTPUT

PTPAS

PPo45'151109 |

WUC46'15119v
Pvd47'3720823
©VY59'v61023
@Vas51'e39731

- 0YV52'P3IAaT54

BUA53 1820754
@0854° 117000
P0055' 102440
BVBS56 041037
00057 ' 021420

020067

VEauYYeY |

DEBSY=7
DTCBA=®

" STA 2,DTCBA,3

LDA 1.MASK1
MOV 0,2
AND : 1,0

LDA 1.,MASK
AND 1,2

MOVEL 2,2
MOVL 2,2

MOVL 2,2

MO VL 2;26

DOB 2,DaCv
DOA @,DACY
LDA 2,CBADR
LDA 3,0UT

LDA O->CONST -
ADD V,3

SUBD v,

STA ©,DuUBSY»2
JMP 8,3

<END

t A

JENTER QUEUE ADDRESS IN DUCB
JLIAD OUTPUT MASK

3D/A QUTPUT IN ACO
FLOAD CHANNEL MASK

Ji/A UHANNEL 1IN AC2

3QUTPUT CHANNEL
JJIUTPUT VOLTAGLE

iLOAD ADDR.
;LOAD ADDR.

OF DUCB

OF

«DESN

3LOAD CONSTANT 0OF 29

5 ADDR
JCLEAR ACUY

OF IJEND’

>

e

3INDICATE QUEUE AVAILABLE

3JMP TO IQEND TO END QUTPUT
3WUEUE BUSY INDICATOR
3TCHE ADDRESS

)

/
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02001640420
VYVY2 V44420
T YYYYE3TY¥5B429
02924°'a54429
BPVBS5 175100

UuuBs *vsS 4412 -

PVVOT 82000V
PYV10'YABALS
VY11 'Y20415
PY012'd42415
@9313'320414
P8014'024414
00015123000
22916' 840200

0001710638717

02020 ° 220000
00021 *¢BAVAE
Q¥Y22 * YVIVOY
090Y23° 200080
0VB24° YUOVAL
Y9025 ' VvV VY
VLB26 ' 2BBA1 "
PVYRT 177777
¥0D30 ' VY2000

¥OV31 'B20774
0023204020V
20233° 192400
20434° 181400
BYE35°Ya2772
0V¥36' V20762
00037°101200
00040020761

—‘84 -
R AR L L L T R P LYY LY
’ 3
RTOS DEVICE nANDLEn 3
H
POWER FALL - AUTO nE:TAnT 3
.1J\Jli N 3
POWER SWITCA MUST BE H
H
H
H

3
3
3
3
3-
;
H In *LOCK® PISITION
3

3

AAACK A AR AR AR A AR R TR ROk R K

«TITL PFAIL

«ENT .« PWR ‘ -~
«EATN <IOKs PFSET:
«NREL ' ) ~ .

. - |

FENTRY POINT FROM INTERRUPT PROCESSER

+PWR:  INTDS JIDISABLE INTERRUFTS

STA ©,PFACD 3 SAVE ACY

STA 1,PFAC) 3 SAVE AC1

STA 2,PFAC2 31SAVE AC2

STA 3,rFAC3 3 SAVE AC3

MOVL 3.3

SIA 3,PFCRY 3 SAVE CARRY

EDA 0,050 3 SAVE RETUKRN ADDRESS

STA B>PFADK 3STORE IT

LDA ©s «PFST 3LOAD RESTART ADDRESS

STA @,ePFIND 3STORE PAGE '¢', POINTER

LDA ©sPFIND 3LOAD PAGE '©' ADDRESS

LDA 1,INST 3LOAD RESTART I[NSTRUCTION

ADD 1,0 JADD TO FORM JMP @PFSET

STA ©,0,0 3 STORE ADDRESS °9°'

HALT - 3STOP THE SYSTEM
PFCRY: @ JSTORAGE FOR CARRY ' S
PFACD: @ 3 " 1 AC®’ )
PFAC1: @ P " AC1
PFAC2: ¥ 3 " P acz
PFAC3: ¥ 3 . AC3
PFADR: . - " RETURWN ADDRESS
«PFST: PFRST JPOLNTER FOx RESTART ROUTINE
PFIND: PFSET o JPOINTER POWER FAIL INDIGATIR

INST: 2008 . SINDIKECT @) INSTRUCTION

JRESTART KOUTINE TO RESTOKE SYSTEM i

PFRST: LDA W.PFADR JRESTORE KETUKN ADDRESS
STA 8.0,08 . = ‘
SUB @,0 . 3CLEAR ACU
INC v, ' 3INCREWMENT ACO
STA W,BPFIND 3INDICATE POWER FAILLURE
. LDA .85 PFCRY " 3 " CARRY A
MOVR @0 . : : ’

LDA UV,PFACO 2 " ACe

P —
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0Yv4l 924761
. ¥0V42°Y30761
9BYA3'Y34761

VvJdY44°' 060177

0o0v45"Yv2VVY

f et

- 85 =

LDA 1,PFACI 3 " ACL
LDA 2,PFAC2 3 " AC2
LDA 3,FFAC3 -3 " AC3
INTEN 3ENABLE INTERRUPTS
JMr eo JRETURN
<END -

v

y
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QUIYB2 ' YaTTT7

. 39¥B3 " YIIYIYUY
- DYV 4"V BIYY

PYYU5 ' VBVVLY
VOYV6 'VYBOBY
BABOTIREVVY
POV YBVYYLY
QL1 TYvvYvY

»

B¥dl2dvupshe Y
VYV13'YBas54
VYVl 4065442
VVV15'D24460
POV16'¥04551
PUD1IT7TB66V42
BY020 "¥20462
BRA21'v62vV42
DBV22'22¥454
¥ue23'3¥30451
Y0Y24'284543

" BYK25'Y34454

BYY26'054445

. BOYRT V60277
BBY3V ' YVa53T

YUV31 1865542
YYV32°'046452
¥YV33'¥LYasi
VD34 ¥34437
B¥B35' 174440
YVY3IG* 1 T4BOS
VY937 "VVYAEYE
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3
;
3
3
3
H

H
3
3
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N4

Y Py P R Y LY
RTOS DEVICE HANDLER

HEWLETT~PACKARD ASLIL

BUS INTERFACE
LEEE agg-1975
HP=18

T L YL L T YT TR 2

«TITL HPBUS
CENI  HPBUS

- 86 -

e s Ve e

H
3
3
H
H

«EATD <SERVs «S51AK
«EATN <«CHRI»DISN

«NREL

.

3ADDRESS UF INITLIALIZAATION ROUTINE

10ALN

3 INTERRUPT SERVICING RIUTINE

HPBUS:

CBADK:

ANt

'

PVY4L'Y54433

P0Y4l'107415

vBYAZ ' PVBT 66

00043'147414
) 1

‘r\ '

JSR @.S5ERV
;777 Pl

SEESREE

CTBLK

JSK MARC
DIB 1sALB
LDA 1-CAST
JSK MAKC
DOB 1,AIL8
LDA BsrMASA
D08 ©.,AlB
LDA ©¥sMASK
LDA 2,LEND
JSK MARC
LDA 3,CONST

STA 3sCNTER

INTDS

JSR MARC
DIBS 1-AlLB
57TA 1,8 STInE
ISZ STORE
LLUA S,CNTER
NEG 3,3
COM 3-,3,5NK
JMP S QUT
STA 3:CNTER
AND#¥ D 1eSNR
JMr IN '

CAND# 2,1,S$ZR

I KEARKANGE PRIORITLES
" 3NEW LNTERKUPT MASK

3OLD MASK STURAGE
3CAKKY )
3ACY

3ACH

3AC2

3AC3 -

3 PC

3ADDKR. IF dPlB (ONTROL BLOCK
-#CHECA LF BUS AVAILABLE

5 INPUT SERVECE MESSAGLE

3LOAD OUTPUT MESSAGE

ICHECA IF BUS AVALLABLE
30UTrUT FOR ACTEVE LISTENING
3LOAD OUTPUT MESSALE

3SET DATA MODE FOR INPUT
JLOAD MASK FOR ©

3LOAD MASK FOR 12

3CHECK IF BUS AVAILABLE
3LOAD CONSIANT 20
3STORE COUNTER

3CHECK 1F BUS AVAILABLE

 3INPUT DATA D191-D108

3STORE @POINTEr

3 INCREMENT PIINTER
3L0AD COUNTER
$SUBTRACT 1 FROM AC3
JZERD KESULT?

3YES, JUMP OUT -

3 STORE LOOP COUNTER
3ZERD (D1U1-8) ?
3YES» KRESTART INPUT
SLF OR ™12 (D181~8) ?



BOVA4'VBVT 64
YPV45°¥30745
VYV46 V60242

BUVAT V601 TT

PYVSY TVBR4U!
waYsl 177777

mdusa'goouuw
w53 '3IYYYv
YS4 LYl L
Y855 " vodvuy
Jvushe! nJaz2
L YVESTTY )
VU6V 'Y vduv
dr T L wudw
YOY6E2 " UuvvdY
woidb3 "YUy
YOv64'VYY132
BYR65 "J0VdY0
e o LAk R 151 31010
VOUV6T *VYYYA
YOBTY V3GV
BUUT1 “Wouded
VOV T2'VdLYVIY
©VBYT3TYVIVVL
VADT 4" V6365
Vd7H'1040¥d
doLTE'dEV3TT
DUTT " 160Uy
(1% 1 % 1 I A i e
Vuluvl 'bvev2i

0Y102' 026190’
V4103 BVIBLL

B2194"' 3y
V105 VL0
Yal96 " 3J0vYAL

-

29107’9834703
08118°'311407
UB111 025400
PY112" 125004

Y¥d113'd2uv2s

P114'¥5140¢
#0115%831895
VR116°625083
PB117%125109

Ced120'125102.

Y121 °V4a4T751
pR122'125228
VY123 %125229
BY124'B44761
001250925002

YY126'3447649

PYLI27 049755

«QUT:

a

Jure LN
ipun 2sCOALR
NIOC Al
INTEN

JMP @.+1
«CHR1

3NO,RESTART 1INrUT - 87

3YESs LOADL ADUK. DUCH
3CLEAR AlIB - '

3Jdr TO +CHRI e
3T0 END LNIERRUPT

sHP-1B DEVICE CJNIROL BLICK

CiBLA:

TRIG:

CNTEKR:"

1END:
CAST:
MASK:
MASAZ:
guT:
CINST:
PMASK:
Cl:
STORE:
COUNT?:

POINT:

3 ENTRY
3CCAC2) = =ADDK .

POINT. FrROM

v
J
JMP . B, 3

'/
42

9
(]
)

B
.. BUS
8

Q -~
HeeJs+3
5]

ﬂ,

%]

2 ,
365 e
1Y 494y
317
16¥VVY
«DISN
29 .
20199

Pl

[

134 CALL .. '
OF CREATED wUEUE BLOCK

LDy - ws

-

30VM TRIGLER INDICATOR
3LOOP COUNTER FJIR INTERRUPT
3MASK FOk INPUT = LF (12)
30uUlrPUT FOR ACTIVE LISTENING
JMASK FOR INPUT = @

3 MASK FIR DATA/LONTNJL WIRD
3aplsN+20
394P LOEND TO TERMLINATE
sDATA MIDE FOR INPUT ON LNT.
JCONSTANT - 1 .
3 INPUT ADDR. POINTER

‘JDATA CIUNTER -

30UTPUT ADDR. PJINTEK .

3CCACH)= uevxcs CONTROL WORD CINPUT IND<) "

I0KIN:

LDA 3’CBADR
ISE DuBSY.3

LDA 1,DTCBA,3

MOV 1s15SER
JMpP” @iS8TAK

STA 2,DTCBA,3

LDA 2,5,2 .
LA 1,352 .
MOVL 1s1
MIOVL 1,12S52C
STA 1,TRIG

MOVER"1s) &

MOVZR 1»1

STA 1sCOUNT
LDA 1,252 )
5TAa 1sPOINT
STA B»STORE

SGET ADDRESS OF CONTROL BLICK
3 INDIGATE GUEUE BUST

JGET FIKST ENTRY

3UNLT -AVATRABLE

A3N), GO STACK REJUEST . -
“JENTERUUEUE ADDR IN DUCB.

3} KESTORE ADDRESS «IJXx +1 .
3GET DATA COUNT + TRl MJIDE

BITI=1 FOR TRIGGLEK

SET TRIGGER NOT = &
3RESET CQRRECT -
3DAIA COUNTER

. acuecx FOr TRIGW MODE

3SET COUNT = TO # OF OUTPUT WIRDS

3GET DATA POLNTER
3 STORE IN HANDLER
3DEVICE COVTRJL WORD EQUALS

. , emt

e —— e e
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o '
& T DA T e M STl

f

DA

02130 06¥277
62131924754
¥J132'101005
@133 'vBV4a16
901342984433
©P135'936751
BU136'030741

BUS:

BOi137*173414\ "/

V0140300433
volaltvr6l 42
w14z 3462
dd143'dT6042
WY144°'830737
WD145' 142400
09146°125400
@0147°'044737
¥R L5 * duYT62
90151°204416
¥V152 V6242
¥2153'60177

1

END S

RO154'¥30716

24155151014
PV156°' 060142
20157 '330633
09160°' 834720
80161820720

PY162°11700V0

PY163° 102440
VV164°0auTUE
V0165041807
$d166' 301400

/

00167 b63542 MARG:

VUl70'Bud 777
L0171 001400

0VoVB7
VBRYVO
~000042

DWBSY=7
DTCBA=D
AlB=42

- 88 -

INTDS
LDA
MOV
Jur ,
JSk MARC

LDA 3.,@PJTNT
LDA* 2,MASK2
AND# 352, SER
JMP «+3 )
D085 3,AlL
JMP . +2

0JdB 3,AIB

LDA 25C1

SUB 2,0

INC 151

STA JsPOINT
JMP BUS

JSR MARC

NIQOC AILB
INTEN

LDA 2,TRIG *
MOV# 2-2,5£K
NIOS AlIB

1

¥WsCOUNT
Usd- SNK
END

-LDA. 2,CBADR

LbA 3.,0UT

+DA BsCONST

ADD 0.3
SUBO 6,8
STA @,TRIG

'STA_0sDUBSY,2,

Jup B, 3

SAPBE Alo
JMP -1
JMP 653

—\\\\\_J///h\.uusua ngd’INDLCATJR
$TCE ADD

«END

-

3LInp”

3 INPUT bTOnE ADDRESS !/

$DISABLE INTERKUPTS
3GET pAfa CIUNTER
3DATA COUNT EwWUALS ZERO

JTESS
.’ND’

) TJ END:
CHECK IF BUS AVAILABLE

3GLET QUTPUT WIaRrD

MASK
315 1T
JTES
INI»
ICONTINUE

3JUTPUT GONTROL WukD

- 3C1=CANSTANT (1)

JDECREASE COUNT By 1§
3 INCREMENT PIINTER

3STORE NEW PJIINTEr ADDR.

A CONTROL WORD ?

DATA WORD (Dl1wvl=-8)

3CHECK IF BUS AVAILABLE

iCLEAR AIB
3ENABLE
3GET TRIGGEK ¢

3TRIGGER EQUAL.
TRIGLER AIB
LIAD ADDR OF CONTROL BLOCK
OF

2 NO»
IYES,
3LOAD ADDN-

INTERRUPTS

?

«DISN

3LOAD CUONSTANT OF 20
JADDRESS OF IQEND

3CLEAK ACY

5STORE IN . TRIG

-

JINDICATE WwUEUE AVAILABLE'

S5JMP TO 1OEND TO END OUTPUT

FUNIT Busr 2
JYES

3NJ» RETURN

/

{

s

idpP-IB DEVICE UNIT NUMBEKR
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3 DIRECT DIGITAL CONTHOL OF.A BINAKY DISTILLATION
3 COLUMN USING REFLUX AND STEAM FLOWKRATES AS )
3 CONTROL VARIABLES», DISTILLATE AND BOTTOMS {
3. AKE ON ANALOG LEVEL CONTROLLEKS, Co §
o , . } .i
N STITL CONTR - . - -0 .
+ENT START» PUTC» GEJC» WSAs' PFSET
CEXTN +10K»s «rTrs, «uUlTs BRKs FENTs FINT . \
<EATN +RCVs <AMLT» -HAIT» +FOKK *
<EXTN INIT
. . i
<ZREL " 3PAGE ©° REFERENCE TABLE, & .- i
- |
' QPVPO-VYLYYY  N1: 1) “ $TI REFLUX CONSTANT i
YRV L -¥13560 6000. . 5 N FL. PT. NOTATION (*100.) ,
20092-913560 ' TITOP: 6000. 3 IN INTEGER NOTATION (*139.) |
. A0P@3-000YP8  N2: . B . 3K REFLUA CONSTANT |
BU0OY4-DYLBVI] el - 3 IN FLe PTe NOTATION (x198.) - \
20005-000001 KTOP: ' 1 3 IN INTEGER NOTATION (%186.) -
0BUD6-VBPOBD  N3: ) "3TI STEAM GONSTANT
20007-813569 6000 . . 3 IN FL. PTe NOTATION (#1806
V0010013568 TIBOT: 6098. 5 IN INTEGEK NOTATION C*108d.)
~ AY
VoVl 1-V80408  NA: 0 A 3K STEAM CONSTANT
s 00Y12-920091 . 1 3 IN FL. PTe NOTATION (*180<)
gpd13-0UPYB1  KBOT: 1 ©3 IN INTEGER NOTATION C£140.)

. . ' /
0BD14-020V08 NSY o 5LO0F SAMPLING TIME CONSTANT
22@15-09v0LY 0 - 3 IN FL. PT. NOTATION (%190.) W
00016-0B0RBY TCONS: @ - 3 IN INTEGER NOTATION C(%140%) -

/
. _ | A
20017-000000 N6: '8 ’ o JCONSTANT FOR REFLUK» T/2TI
PPU20-0UBBYY DTCON:: ¥ 3 IN FLe PTe NOTATLON
‘Ppv21-000090 NT7: . .0 FCONSTANT FOR STEAM, T/2TI1
pY22-00PYB0 BTCON: @ 5 IN FL. PT. NOTATION

dYY23-99000Y NB8: ] , JREFLUX SETPOINT (VX1008.)
vuv24-4upYoowy o 2] . 3 FL« PT. # (METEKRK REFERENCE)
7@0@25-900090 SPTOP: O ’ 3 INTEGER # (VALVE REFERENCE)

00026-0U2BA0 NI: 0 \ " 3STEAM SETPOINT (V*100U.)
U027-00YVUD o * 3 FLe PT+ # C(METER REFEKENCE)
-90038-U000V00  SPBOT: ¥ .3 INTEGER # C(VALVE REFERENCE) .
0U031-UUDURY Nlu: B JERROR IN REFLUX FLOW
0V3I2-YOUVOY ERTOP: 'O 3 IN FLe PTe NDTATIONs NEW EKROR
. P0033-000VOR  N1l: 0 . SERRIK FOR STEAM FLOW
@VY34-VOUVYY -ERBOT:. @ : 3 IN FLs £T. NOTATION, NEW ERROR
I N . M
YUY3S-dvYdvy  Niz: - 9 . 3ERKOK FOR REFLUX FLOW

BP036-8YYYOY  N13: J 3 IN FL- PT. NOTATLION, JLD ERROR

[}
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PUV4l ~ULYDVY
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+ 0345 -Vedde

46 -GYUYOY
VOVAT ~BBROI0
VBYSB-DBBY VY
@ﬂwSI-du;';-)u-‘"ti

~l

| PROS2-LR3IVY

0Y853~-4vdv12
BUBS4-~YLVBDY

YBYSS-BLVBYY

‘MRUS56~BURVLY

.

0EA5T-BYABEDR
VIU60-DYBC6D
BEV6E1 -B20EUe
BY62-dv2dvn
0YV63I-BVBYEY
YYV64-vARBER
BOY65-YRYLOY
Yddb6-YUBYUY
JEV6T-0YBEVY
BUBTY-VELB00
QBT 1,-200023

PLBT2-080900
PICT3-0063144

VueT74-8089457 "

PROTS-IBYAYL *
BYOT76-901016"

i

RYOT77T-3B2156"

0O180-192800
00101-020300
BO102-B60051
¥U103-820100
PO104-VYOBED
PU105-B80060
BV106-020015
00107-020300
0Vl 10-BOVOTT
0¥111-Y86200
20112-08000¢°
G0113-002042°
PY114-0BUVRY
@0115-YBVYYA

PR116~900000

Nig:

Ni5:

SINPT.:

KINPT:

I'1

ACONS:
BCONS:
FTENS:

MANAU:

STMANZ

InNMAaN:
C4:
CH1z:-
CHA1l:
NEGDA:
DTOUT:
BTOUT:
MBOT:

MDIST

.

Cigo:

Kigo:

o

>

2

&
X -
a0 $4 *e g8

CSEL:

PUTC:
GETC:
WsaA:

"CHEK:'

MCTRL:®
MAKI -

*,

DBIN

BNDEC
DAEAT
LOPMN

1820006
20300
51
20100

- 60

60
15
26300
77
ERRER
ERRER
wsal !
17
v
(%]

- 90 -

- N
JERRIR FOR STEAM FLOU
3 lN FLe PTe" NJTATIOV: JLD ERROR

3 STEAM JINPUT bleAL
5 IN FL. PT. NJTATION -

e 4
JREFLUK IsrUT SIGNAL
; 1{ e ﬂf- NITATION

3TIME LJIOP COUNTER - -

ERVE FOATIN Y=AK+B .
5 QUTPUT GAENs FLe PT. NOTATIOW
. . .o

‘V

JVALUE OF B IN Y=AX+8 . .
3 OUTPUT GAINs FL. PT. NOTATION

3CONSTANT ™1G."
5 FLOATING POLNT -NUMBEK

;MAaNuUAL TO AUTO CDNTROL INDLCATOR

3 START - Ur INDICATOR

3RETURN ADDRESS OF SUBROUTINE
3ASCIL "B

JCHANNEL # FOK SCANNER
JCHANNEL #1 FOR D/A QUTPUT

s CONSTANT TO NEGATE D/A JUTPUT
JPRESENT OUTPUT LEVEL REFLUX
IPRESENT OUTPUT LEVEL STEAM

3DELTA M STERM

3 IN FLOATING POINT NOTATION
3DELTA M REFLUX
3 IN FLOATING POINT NOTATION

5CONSTANT ,"104."
3 IN FLOATIN& POINT NOTATION
SCONSTANT '140.°"

»

-

]

JPOINTER DBIN SUBROUTINE
SPOINTER BNDEC SUBROUTINE
SFOINTER DAEAT SUBKOUTINE
JPOINTER» RETURN K»TI TJ MANUAL

JENABLE TALKER CONTROL

FATN HIGH

3 SCANNER LISTEN ADDRESS

SATN LOW

$DECADE ADDRESS - - N

3 CHANNEL ADDRESS .

3EAECUTE 1

JATN HIGH . . v
JUNLISTEN ADDRESS .

JPOINTER FLe PTs INT. WIRA AREA

3CONTROL LOOP BUSY INDICATOR
5 MANUAL CONTROL 'ON INDICATOR
JMANUAL TO KI CHANGE INDICATOR




R

-

0G117-201762"
S 00128-001772°

2d121-v01166°
dd122-002446"

PV123~-001503" .

vu124-220102

08125¥vul1s

VR126-VUV116

- 0Y127-000122

06 138-908123

 YwBl131-08B124

va132- QQUISL

901?3 ﬁ09134-
G0dv2s
vWv161-020080

QY1 62-0YYR24

B0163-00VVVE
801647000000
89165-177773

@0166-054161 -
£0167-024162~
80178~334133-
09171~1V2400
VR172-8414Y0
©¥173-175400
JU174-124490

56175124004

Vol176=030172-

BY1TT-LR2161 -

VOBLR 177777
20001 ' QU000
20002 1009299
20003000007 '
P2804' 220100
VYYYS® VIVYVE

-

GB0D6 063077

VYvI7'B51105
vavivtuarsze
vuvlltv2eie2
v2d12'Yada40
BVv13'e52124
BYB14'046505
PVB15'852120
PBV16"R42105
BBP17 852040

. b2y’ ¥20117

2990217852517
20022050124
Q@v23°a52125 -
,24'05?440

"MANT 2

MANZ :
KTIL:

STAM:
s5P2;: .
BINP:
MINPE .
NENP:
RINP:
SINS:

T;NP:‘
YES:

POM:
KET1:
Ccoi:
MODMA:
PFSET:
MSOUT:

CLEAN:

LOP1:

ERRER?

D
g

MS2:

-RO
"R

‘A

TT

EM.
PT
ED

T
0
ou
P
ut

u

- o1 -

MAN
MANN
KTIf1
STEM
SP1

) IIB

M

LAV )
IIR . -
IIS . -
"T

,..Y . :

_ . TEMSP .
TEMSP:

«BLK 25

g - s

. 24
e

%
177773

STA 35RET1’
LDA 1.C&
LDA 3sP0M
SUB U-0
STA 00,3

. INC 3,3

NEG 1a1
COM 1,15S&k
JMP LOP1

JMP BRETI

-

+«NREL

+10X-

N

106320
MSs2
129
o1

HALT -

«TXT ?ER

.

" SCONSTANT

"3 STORE RETURN

JPOINTER MANUAL CONTROL CTEXT)
3POINTER MANUAL CONTROL (NO TEXT)

--JPOINTER REFLUX KsTI CHANGE TASK

$POINTER STEAM K>TI CHANGE -TASK
JPOINTER SETPIINT CHANGE TASK

FASCLL B’
.y

3ASCIL *M*
ASCII *N°
5ASCII 'R’
3JASCII '37
JASCII °'T' .
BASCIL *Y°

JPOINTER STORAGE AREA’

$ STORAGE AREA

3 STORAGE OF suanourzvs HETUKN

I24l

3STORAGE TTY INPUT

3 INDICATOR POWER FAILURE .

FMASK OUT ALL DEVICES EXCEPT RTC -
! Ca . .

3LOAD COUNTER

3LOAD POINTER

5CLEAR ACB

3STORE AC® AT.POINTER ADDRESS

5 INCREMENT POINTER

5SUBTRACT 1 FROM COUNFEn

3SKIP IF, 2ERO RESULT

300 CONTINUE

JYES» KETURN

;PAGE 1~

3FLe PT. INTERPRETER EALT
3ERROK MESSAGE OUPUT

35T0P OPERATION

.*_
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.. . Ny
@9925'944525 SI
BU926°¥V43516 NG - . N
BOYR27°043¥48° F ..
YPP30°'027114 L.
YV931'050048 P
PUE3I2'Y2T124 Te
d2033'044440 I N
"YYV34'851516 NS . . 1
2¥¥35'851124 TR :
VvI36°'¥A1525 UC \ -
PYB37'V44524 T} '
dB048'BATILT  ON -~
QuYal*0vo123 S?. e
008170 wsAl: +BLK 172 5FL PT INTERPRETER: WORK AREA
+EOT . " SEND OF KREFENENGE TAELE

{e
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SINITIALLIZATION PriGnAaMs ENTER FRIM RT2S

Qu232T177777  START: «PTY 3SEI INITLIAL PRIORITY

BP233'YYBYRS 25 - 3 TO 25

PB234' 177777 - «FORK 3CREAT PARALLEL TASK
RB2351YVLYB2Y 29 ' 3PRIOKITY 29

PB236'002415" BREAX JTHIS IS THE BKEAXK C(CHANGE) TASK
BR237* 171777 FINT JINITIALIZE FLe PT. INTERPRETER
f *

VP24V 02B4T4 LDA #,MCTIM+1 . ;L0AD LOOP TIME C(x10d.)

PY241 049015~ STA 0,N5+1 3STORKE IN TABLE (FLe PT. #)
@9242' 040016~ STA 0, TCONS JSTOKE IN TABLE CINTEGER #)
PR243'176400 . SUB 3,3 3CLEAR AC3 ,

BY244'054045~ STA 3,TIME 3STOKE IN TIME LOOP COUNTER

' BP245'220504 LDA ©,AlCANS JCONSTANT FOR Y=AX+B

QU246 '024535 ~ LDA 1,C1CONS 3NEEDS TO BE CALCULATED

28247 '04aVDAT~ STA UsACONS+1 ' BECAUSE IT IS SO SMALL

BB250°' 044951 - STA 1,BCONS+1 3ASA1CONS/CCI1CONS*%2)
20251920165~ LDA @,MSOUT 3L;AD INTERRUPT MASK
BP252'962077 D0B @.CPU 5MASK OUT ALL DEVICES EXCEPT RTC
2253'"177777 FENT JENTER INTERPR R

BP254 " 160VRY~ FFLO N1 3FLOAT TI -

QU255'¥60BV3~ FFLO N2 3FLOAT K REFLUX

P9256'060006- ’ FFLO N3 ; 3FLOAT Tl STEAM

Qu257'060V11 ~ FFLO N4 3FLOAT K \STEAW™ ‘
UP268 "' V60D 4~ FFLO N5 : sFLOAT LOOE, SAMPLING TIME
20261060223~ FFLO NS 3FLOAT REFLUX SETPOINT
PU262'R6VB26~ FFLO N9 JIFLOAT STEAM SETPOINT
A¥263'P60B35~ FFLO N12 3FLOAT OLD REFLUX ERROR (=9)
BD264°' 060837~ FFLO N14 3FLOAT OLD STEAM ERROR ¢(=8)
@P265"B6YB52- FFLO FTENS 3FLOAT CONSTANT "1Q."
AP266'R6VD A6~ FFLO ACONS $FLOAT CONSTANTS FOR .
QU267°'06VBSE~ FFLO BCONS 53 Y=AX+B

3E270' 024046~ FLDA 1,ACONS $LOAD CONSTANT CAICONS)
PY271'¥30050- FLDA 2,BCONS 3LOAD CONSTANT CC1CONS)
99272144200 FDIV 251 3DIVIDE (AICONS/CICONS)
g0273'144200 ’ FDIV 251 3DIVEDE CAICONS/CICONS#%*2)
BB274'044046~ FSTA 1,ACONS $¥TORKE VALUE FOR “a"
BY275'920000 - FLDA ©,N1 5LOAD TI REFLUA CONSTANT
0B276'02401 4~ FLDA 1,NS JLOAQ. LOOP SAMPLING TIME
YY277" 184200 FDIV @1 3DIVIDE, T/TL

@6300° 124300 FHLV 151 sHALF RESULT, T/2TI
Q39104401 7~ . FSTA.1,N6 3 STOKE RESULT

00302 P20 6~ FLDA dsN3 3LOAD TI STEAM CONSTANT
09303' 0624814~ ., FLDA 1sNS~ .. 3LOAD LOOP, SAMPLING TIME
PR3V4' 104200 FOIV Dst 3DIVIDEs T/TIL

V385124300 FHLV 1,1 3HALF RESULTs T/2TI
BP306'044021 - FSTA 1.N7 . 3 STORE KRESULT

aa3v7° 160800 FEAT 3EAIT INTERPRETER
BV310'020442 7 LDA 9,BICONS JLOAD CONSTANT "B C(INTEGER)
9311126400 SUB 1,1 - ;CLEAR AC1

O@B12"' 044050~ STA 1,BCONS JCLEAR FOR FL. PT. #

P0313'040@31~ STA 9-BCONS+1 3 STOKE CONSTANT **B*

/, TN~ - 1

’ o Tl



FENT

SENTEr INTERPRETER

e
!
3

i

BEY332'049655~

STA U>STMAN

BW314' 0882537
¥Y315°060ISY~- FFLO BCONS JFLOATL CONSTANT "B*
08316°13000Y FEAT 3EALT INTERPRETER
32317102480 SUB 8,0 JCLEAR ACR. .
U320 062177 'DOB @.CPU JENABLE‘INTCRRUPT FIR ALL DEVICES
[ ] [3
VU321 "RVULYY" « 104 ' E' 30UTPUT -MESS TO DVM
Vulde - YB3’ 3 | 3CDLGLTAL VOLTMETER)
'wUbBY ' : : 3TO INITIAT: € [T .
VY32 4TVIV354" JUTHUT -
5 a5 JuBBRS 25 .
©¥B326'BVD32T " e+l
YB327'B1IVBSS- 15 STMAN JINCREMENT START-UP INDICATIK
VG330V 'PV6L1T- J5K eMANt . 3JuMP TO MANUAL
@331 *1B2400 SUB ¥, $CLEAR ACE

" 3CLEAR START-UP INDICATOR

@U333'177777 .MCTIM: . «WAIT 3WALT 108.*56. HE
@0334°'000062 . S50. 3 Ok ©¥.5 SECOND
233351028845~ LDA &,TIME 3LOAD LOOP COUNTER
B0336° 101400 INC 050 - . .3 INCKEMENT COUNTER
Bu337'040045~ STA ©@,TIME 5 STORE TIME LOOP COUNTEE
20348'020114- LDA @,CHEK sLOAD CONTRAL LOOP CHECK
ve341'101684 - MOV ©s@sSER 3BUSY ?

B0342'0LB7T1. JMP MCTIM 3YESs CONTINUE
P0¥343°101422 INC 0,0 3NOs INCREMENT AC@
VI344°B4D114~ STA B»>CHEK 3STORE AND INDICATE BUSY
©0345'0VB234" « FORK ,<:L/;;. sCREAT PARALLEL CONTROL
PE346700BV3Q 30 _ ‘ 3TASK WITH PRIOKITY 34
¥Y347°0UB555" RSTRT L . o,
2@350' 000763 JMP MCTIM IRETURN :
P0351'022106 AICONS: 22106 $CONSTANT 9286, BASE 40
@Y3S2'BYP144 BICONS: 144 3CONSTANT 144 ="g" -
PO353'881750 CI1CONS: 1750 ;comsranr ClO% k- 3) FOR CALC~ OF A
PY354'0400D0 OUTPUT: 40008 . »INIFIATE BUS CLEAR
PVe355'102000 102600 "3 ENABLE TALKER CONTROL
@V¥356'020300 20300 3ATN HIGH

VY357 VPVBES 66 :DVMY LISTEN ADDRESS
083601020100 20100 - JATN LOY

20361 '600186 106 3SET DC VOLTS
PO362'000061 61 '

90363'000122 - 122 3SET RANGE = 1 vOLT .
0V¥364°'000062 62

PR365'd0o124 124 3 SET" HOLD/MANUAL
PB366T000V63 63 . .

©YY367'HVB115 . 115 3SET MATH OFF

0370° u@uaa\v 63. -~ . :
@U371'200101 101 3SET AUTO-CAL OFF
PY¥372'000060 60 . : ,
@2373°0V0110 1o ! ‘s SET HIGH RESOLUTION OFF
@R374' 000060 60

L)




: . BY3T5'VVO1YA
7 08376 000VD6]L
“v T Q@3T7!020360

. _qnnae“aaaav?

» .
/
‘f'\\- -
-
H e
'

R}

-

104
61
20300
77

fEOT-

= 95 = . -

s SET DATA READY ONs» RUS

JATN HIGH . .
3UNLISTEN ADDKESS ,

JEND OF MAIN PROGRAM TAPE{

N




00401954445
VY42 102449
Y043 Va4,
GR404'U34444

. BB4PS 1054444

BYAB6"0T4436
RRAIT"B54491
20410 °'0G6YVYY
Riu411'028434
0WR412°146443
PA413'181401
¥0414'147081
PUY415"BRVYTTS
20416°034433
B3417"175490
890420°'0654431
@@421'041400
YYaz2'Y10425
20423'210765
RY424'151203
du425°'0vY763
Y426 '82¥421
du427'Y4U405

e ddirtuualdzil

dd431 '2uvein
20432130800

T @Q433'BYYvas2

80434’ 000800
9B435"00436

' PB436'02410

pove12
V437023420
RB440'OV1750D
vYaal 'OVl 44
PR442'Yve12

.~ 33443'026001

00va10
BY444'330427
80445090060
VY446 0YV000Y
PY447'GOVRYY
BdR459 000451
¥d451 '0v0451
3452000030
Q9453 "PYY280
P3454° 000000
PR455°' 00920020
QY456 d0VBVYY

[2)

-
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3SUBROUTINE TO CONVERT A SINGLE PRECISION
JBINARY NUMHBER TO AN ASCII (DECIMAL)
3CHARACTER STRING AND QUTPUT IT ON

3THE TELETYPE )

i . AC1 HAS AINARY NUMBER TO BE .OUTPUT

3 SAVE KOUTINE ADDRESS
3CLEAK ACY

3CLEAR COUNTER .
JLOAD POINTER ADDRESS
3 STORE ROINTER ADDRESS

BNDEC: STA 3.SAVE
SUB0 W,

STA WsNUMB
LDA 33PNTEI

STA 3sPNTER

LDbA 3,INST . 3SET uP LDA - COMMAND
STA 3s.+1 :

LOOP: B 3AC2=P0WER OF 10
LDA 0,C60 FACU=ASCL] ZERO

SUBO 2s155NC
INC 8,05 5Ky
ADD 2515 5KP h

3INC ASCLI CHARACTER
300 MUCH ADD BACK

‘JMP =3
LDA 3sPNTER JLOAD POINTER
INC 353 3INC POINTER
STA 35>BENTEk 3STORE POINTER ™
STA U,¢,3 3 STORE "RESULT.
1SE NUMB 3INC COUNTER
ISZ LOOP . 3INC LDA COMMAND
MOVR 2,2, SNC SLAST DIGIT?
JMP- LOOP 3NG,CONTINUE
LDA U>NUMB ~JLOAD COUNTEK
STA @s «+5 315, 30TPUT o
. < L0x 5OUTPUT ASCLT CHARACTER STRING
9 _
-
130000 .
PNTE1+2"
2
.+l
JMP BSAVE 3 RETURN
. «RDA 18 SCHANGE .RADIX TY 10 -
TENS: 10804
" 196V - o
100 ¢! '
1d )
1 ' -
_ ' «RDX 8 JCHANGE BACK TO 8
INST:  LDA 2,.+TENS~-LOOP - o
ce6d: 6@ : SASCILI '"0's CONSTANT "ei0"
SAVE: 1) . 3 SUBROUTINE RETURN ADDRESS . .
NUMB:, O 3COUNTER p '
PNTELl: PNTER JROINTER TO 'PNTER®
PNTER: PWNTER . :POINTER FOR NEAT RESULT
. 0 5ASCII CHARACTER STRING
° . " ’STORAGE AREA ' v
B . : 3
¢
B 1}
“_ ' -
JEND OF BNDEC TAPE

-EOT i

5STILL PLUS IF NO CARRY
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Lvr‘-“ o R S TR

PB457'05444)
08468°0258437
VYBa6l *va4a44p
PRAG2'D4AB434
B94637102409
BB464'040436
PYU465'034434

D466"V21480
VU467 "024434
PB47G'030434
P8471"834434

BB472'163400°

\80473° 142033
Vd474' 186032
09475' 020407

PYATE" 122460

BB4a77'v24423
09500 '804410
BASB1 044421
Rs5B2'Y18417
VASAF'BBYT62
PO584'B24416
23505'020411
BYS5SP6°'3041 1
29587002411
29510131129
PY511°151120
¥a512°'147000
PR513%125120

POS14'107000

@2@8515°001400

.@0516'20800¢
PPYS17'0BYLYY

PR521 'YLV

ge521'000e00
0522 "'2LLibY
9R523'2000960

20524200671 °

808525 '¥0VaT7
: h

-

)

[V
™
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3 SUBROUTINE TQ COVUENT AN AbCII CHARACTER .
JSTRING TO A SINGLE PxECISION BINAKRY NUMBE R

INFPU

v we

H ACCUI"“JL.A] I
3
H

AC1

T: AC1

% DESTRIYED:

RAS DATA POINTER
CAUTrULEACE HAS BINAKY INTEGER NUMBER

AC3 (SUBROUTINE CcaLL)

(DATA PIINTEHR) .

JTEXMINATION:

H
PBIN: 5TA
STA
5TA
- S5TA
SUB
STA
LDA
LDA
LDA
LDA
LDA
- AND
*  ADCE

"AbCE

JMP.

+EC96:

SUB

LDA
JSK
5TA
154
JmrP
Loa
LDA
LDA
JMp
MOVE
MOVE
ADD
MoV
ADD
JMP

<EC95:

~ECS9:.

«ECOB:
«ECP2:
«ECO3:
«ECQO1:
«ECI1:
+EC22:
+EC23:
MASK:

\\

)
(]
%]
5]
e
l'g

ll9
17

«EOT

BY ILwnrUT QF bHAnACfEN

3-.ECO3
2, «ECU2

-1» «ECU1

Vs ECQOU -
U,

0 .EC11
3»+ECB1
P2053

1 pELC22
2, .EC23
3 MASK

‘3,0

# 2.8 5NC
# 0s1s52C°
«ECH5

1.0

I5.EC11 .
+EC50.
15 .EC11
.EE€01
.EC96
12.EC}1
@, +ECOQ _
b, JECcez
B.ECY3

L 1,2

L 2,2
2s1 *

L 1,1
Vsl

0,3

3 S5AVE
3 SAVE
FSAVE PJINTER
3 SAVE ACP
3CLEAR ACO
JCLEAR SUM

RETURN
AG2

NIT IN ©-~9 KANGE

3LOAD AC3.WITH POINTER
JLOAD ACO WITH INPUT

IIG'!
l'9l'

JASCII
3ASCII

5LOAD 6 BIT MASK
31SOLATE ASCLI, #

" iSKIr IF »9

36KIP IF >=9

FNOT A DIGIT THEHEFOSL A
3 BREAK CHARACTER 7
JREDUCE DPIGIT TO 9-<9

FBINARY RANGE

35UM b

SMULTEALY BY
5 SAVE' SuM

19 & ADD

© 3 INCREMENT POINTER

JGET NEXT CHARACTER

3RESULT IN AC
JRESTORE AC@
3 RESTORE AC2
3 RETURN

FN®2

HRVEP)

JNkS C
INASH2=N%1E
JADD ACO

3 RETURN

J-ACY STORAGE
3JAC2 STORAGE
i RETURN

1

.

$POINTER ADDRESS

3 S5us
3ASCII ¢

FASCII 9
MASK/FOHD

'y

JEND GF DBIN TAPE

-
k)



" U526 VBBBY4

08527 ' 60530
2U0024
085547221013°

PE555" anllb-
VY556 101084
@a557'vd2715

BB560'028660-
BB561'D4ARLIAS-

VOS62'0004A30"
BUS63TYYYOL3
Vwa564'Y02000

YOS65'080109-~"

Bd566°'UUTBA11
YISE6T'BVYSTV

uJ57a-nawsea-
Bus7l e 163
5T2 60853y
SrhuligeT e
2aST4 412
Y9575 BBYSTe"

VUST6 V24731
PISTT'U2UT2T
UGB 1D7PGY
QD601 'BREBT4-
YEEB2 176400
VY683 '20V6E -
VU6V 4" B36BST~
PVEBS 142415
PY6DE VLB ART
V3607 1v1285
VY61V 'VVVALY
YY611'10120%
BU612'0uL402
¥0613'VEV407

00614'20V406

006157044044 =
B6616°054843~

VO61T7'BUBAB3

VY620 D44L 42~

. BR621'85484) ~

P2622'920060~

206230240857~

BU624'122489

i

i St

3 CONTROL

;o IWPUT:
;-
3

FOUK:

‘N2 -

INl:
QUET:

RSTRI:

LJ0P TASK
CHY
CH1
" CHZ2

non.n

4
IN1

«BLK 20.
MWUUIT

BsMCTRL
Br@5SER
@ QUIT

‘LDA
MOV
JMP

drCH1
¥, CSEL

LDA
5TA

- 10X

3

U .
SELEC

11 :
et}

. 'R rA

3

INt:

OuT1 ' ?
«pple

.+1.

CHANZ:

-

CHANG:

1,E9:=
YsFOUK -
2s1
@DBIN!
3,3 -
B,CH1
25C4 )
SUB 25U, SNKi
JMP CHaNg
MOVE U0, 5Nk
JMP CHAN1
MOVR 9.0,SNE
JMP CHANZ
JMP EX

LDa&
LDA
ADD
JSk
5uB
LDA
LbDA

JMP EA

'STA

STA 35RINPT

‘JMP EX

CHAN1z

.

EX:

1,SINPT+]
3-SINPT -

¥,CH1
1.Ca
1,8

1>,RINPT+]

REFLUA FLOW SIGNAL
STEAM FLOW SIGNAL
'"FEED FLOW SIGNAL

JCONSTANT "4

;DVM INPUT POINTER ~ . *
50V INPUT STOHRAGE
SPOINIER FOR END OF TASK
5LOAD MANUAL INDICATOR
3SKIP IF B _
30N MANUAL, JMP TO END

3LOAD CHANNEL "

3STORE CHANNEL IN SCANNEu JUTPUT

) ISELECT SCANNER CHANNEL

HY TN ~ Dvw

3L.0AD ACY WITH POINTEK
3LOAD CONSTANT "4 -
5ADD, = POINTER ADDRESS +4
3JSR ASCLI=QECIMAL CONVERSIIN
3CLEAK AC3 :

3LOAD CHANNEL

JGET "60"» ASCII ¢

AGET CHANNEL #, CHANNEL 02
3YES

3CHANNEL 17

3YES

3 CHANNEL 27

5YES "

5 ERROKg CONTINUE

SCHAN. 2 = FEED, NOT YET NEEDED
3CHAN.''D = .REFLUX» STORE INMUT
JCLEAR FOR FLo PT. # -

3 CONTINUE :
$CHAN. 1 = STEA¥, STORE INPUT
3CLEAR FOR FL. PT. &

5LOAD CHANNEL #
JLOAD '60°'> ASCII g
3REDUCE TO CHANNEL #




T PY625'101235
VU626 BVBBAUY

PU627 0240857 -
PV631' VALV6S-
V0631 '0BB406

VY632 101400
VY633 'V24057~
PY634'12300 .
VB635*N4G060~
0R636'UUATLT

PY637 020165~
PB648°' 262077
00641 'BYY314"

CONTA?

CONTB:

PB642'060043~

PU643*R60val -
PE644'020023~
P0645°P24043-"
P0646'122400°
20647*B4GE31~
PR650"'P24035-
PU651'122400.
PV652'032231~

' 0V653"133900

PB654'V24017~
PB655'1381VD
QU656 143U0Y
BO657 ' R2AUY3-
PB66Y 128100
PB661'D24046-
PU662* 121100
Q6638309052 ~
PV664" 140200
PR665'D4BBET -

PDR666"'BTA067~ |

BR667'P20031~
0B6TV'B40035-

T BB6T1'020826~

00672024041~
00673122400

BUEeT4"B40833~

DO6T5'0V24U37~

-BB6T6' 122400

P06T7'V30V33~
wi¥Tuwu® 133009
28701024021~
0¥T702"130189
YB7U3°'143820

UOT04'024011-.

PBTY5' 120100
BUTV6 ' V24046~
897071241080
29710030852~
P6711°140220
RYT12' 042065~
09713° 074865~
@VY714°¥20033-
00715040837~

-

s .. - 99 l-

’

MOVERH Vss Snic

JMP CONTA
LDA ¥5C4

STAXSCHL -
JMP 'CONTB

INC ©s0
LDA 1sC4
ADD 1.0
STA @,CH1
JMP KSTRT

LDA 9,MSOUT
DOB @.CPU
FENT
FFLO RINPT

SFFLO SINPT
FLDA $.N3
FLDA 1,REINPT
FSUB 1.0

_ FSTA U,N18
FLDA 1,N12
FSUB 1.0
FLDA 2,N10
FADD 1,2
FLDA 1,N6
FMPY 152
FADD 2,0
FLDA 1.,N2
FMBY 1
FLOAT »ACOAS
FMPY -1,8
FLDA 2,FTENS
FDIV 2,0
FSTA B>MDIST
FFIX MDIST
FLDA @,N10
FSTA B,N12

FLDA ©,N9
FLDA 1,SINPT
FSuU8 1.8
FSTA VsN11
FLDA 1,N14
. FSUB 1,9
FLDA 2,N11
FADD 1,2~
ELDA 1,N7
FMPY 1.2
FADD 2,0
FLDA 15N4
FMPY 1,0

FLDA 1,ACINS'

FMPY 1,0

‘FLDA 2,FTENS

FDIV 2,0
FSTA B.MBOT '
FFIX M30T

* FLDA @s,N11

FSTA BsN14

* 3STORE, RESULT *M #Y)

iACW. LESS THAN 27

3YES» CONTINUE  _ = -~
3NOs RESET ' ‘

; STORE CHANNEL #9 IN GH1
5 CONTINUE '

5 INCREMENT CHANNEL #

3LOAD 64%s ASCIL “u"
5ADD T CHANNEL # - e
$STIRE CHANNEL # '
-3 RESTAKT LOIP -

JLOAD INTERRUFT MASK

smASK OUT ALL DEVICES EXCEPT RTC
JENTER INTERPRETER

SFLOAT REFLUX (NPUT SIGNAL
JFLOAT STEAM INPUT SIGNAL

JLIAD REFLUA SETPOINT

3LOAD KEFLUX INPUT SIGNAL

~ 3 SUBT.RACT» = NEW REFLUX ERROR

3STORE NEW REFLUA ERROR
5LLDAD OLD ERROR IN REFLUX
SECNEW)-ECOLD)= *E= DELTA E
5LOAD NEW ERROR IN REFLUX
3ECNEW+ECOLD) ~
3LOAD T72T1» REFLUX CONSTANT
5T/2TICECNEM) +ECOLD)) S
3xE+T/2TICECNEW) +£(OLD))

. 3L0AD K REFLUA CONSTANT

K HRE+T/2TIC(EC(NEWI+ECOLD)Y) )
3A CONSTANT IN Y=AX+B

v3 AA (B CANCEL SINCE -DELTA)

sLOAD CONSTANT "14."

3 *M (YI=FACO/10.
JCONV. FL PT #=D. PRES. INTEGER
3LOAD NEW ERRJR r

3STORE IN OLD ERROR FOR NEXT LOOP

iLOAD!STEAM SETPOINT

3LOAD STEAM INPUT SIGNAL

3 SUBTRACT» = NEW STEAM ERRIR
3 STORE NEW STEAM ERKROR

JLJAD OLD STEAM ERROR
JE(NEW)=-ECOLD)= *E= DELTA E
sLyau fEW ERROR IN STEAs- ‘
JE(NEWI+ECOLD)

3LOAD T/72TI STEAM CONSTANT
ST/72TICECNEWY+ECOLD)) )

SLOAD £ STEAM CONSTANT
3KOKEST/2TICECNEW) +EQALDYI—
JA CONSTANT IN YxAd+n

3 AX (B CANCEL SINCE DELTA)
SLOAD CONSTANT ™19,

3 4 (Y)=FACO/10.

. 3*E+T/2TI(E(NEW)+E(OLDK<}

_3STORE RESULT *M (Y)

sCONV. FL PT #=D.

) PRES« INTEGER
3L3AD NEW ERROR g

"$STORE IN OLD ERROR FOR NEXT LOQP




VY716 1U6YDY
29717 162409

9YT20 862377

Pe721°'9208854- -
PoT722*1918385
PuT23'88a432

Q2724 323165~

-Yv725' 062077
- JuT26'102400

Wwu727"'046837-
PRT3V V4B aY--

. @B731' 840835~

VB732' 0400636~
YLT33'VbY64] "
VRT734'Y6IB35-

" @B735'0U20B43-

BY736'BaAYVBR3-

00737068037~
Q874220041 -

. 90741 "v400B26-.

P0742°'0T74041 -
B0743'074843-
POTA4" 16680

WB745 V200642~
2974624044~
00747'042030-
BUT50 V44025~ |
YYT751" 182400
BOT52' V40054~
@8753'962077

83754 @437 <

VBT55°'928070— NOTTR:

PP756'024063~

PUTSTT12302Q ~
POTEQ'BV4436

. BOT61'BD46863~

poT62'B24062-
BU763" 106400
89764 0444P3

PBTES"pupUsSTLY"
00766 BOLUBA
PAT6T ' 00DV
BA770°390UID1
J0771 ' 0YYRal
pRTI2'BOVTTI3" . !!

P0773'Q20v66-
VUTTA 024064~ .
VDTS 123040 -
PBTT6'0R4420
PRTT7*Q40664~
@10680 B30V62~
Gl1061*112400

FEAT

SUB
DO 3

LpAa
MOV
JMP
LDA
D&
5uB
5TA

STA
STA

STA
FENT
FFLO
FLDA

-100 - ' -

B0
B>Cru

s MANAU
Ys s SN
NOTTH

Wa ts5)o

G:Cﬁq_

Vsl .

UaN14
BsN15
BrNte

‘WsN13

N12
UsRINPT

FSTA UsN8

FFLO

FLDA
FSTA

TFFIX

FFIA
FEAT

LDA

. LDA

STA
STA
SuUB
STA
paB

Jup

LDA
LDA
ADD
JSR
STA
Lba
SUB
STA

«J0X

LDA

LDA
ADD

N14

8, JINPT,
©sN9
SINPT
RINPT

B> SINPT+ 1
1-RINPT+1
U>SPBOT
1,5PTOP
(R
BsMANAU
B,Cru

MUULT

WoMDIST+1 ’

1,DTOUT
10
DAEXT
8>DTOUT
1, NEGDA
@s1
15a+3

0,M4BIT+1
1,BTOUT
1,0

JSR
STA
L.DA
suUB

DAEXT

9»BTOUT

2,NEGDA
gr»2. -

FNIT 1N TRANSITIONS CONTINUE .
¢ :

FEALT INTERPRETEK, .
3CLEAR ACU

JENASLE INTERRUST FOR ALL DEVICES.,

3LOAD MANUAL TQ AUTO INDICATOR
3SAIF IF IN TRANSITION LOOP

LY [N T emtieT 4454 .
Jwan4t JUT SRL DEVICES EACEPT RTC
2 CLEAR ACH .

SCLEAR OLD STEAM FLOW ERROK

3 FLOATING POINT NUMBER

JCLEAR OLD REFLUK FLOW ERROR

5 FLOATING PQLRT NUVMBER

FENTER Fbe PTe INTERPRETER | -~

- 3FLOAT JLD, REFLUK ERROR (=1))

3L0AD REFLUX INPWT SIGNAL
3 STORE REFLUA SETPT (METER REF.)

3FLOAT OLD STEAM ERROR (=0)
3LOAD STEAM INPUT SIGNAL

35TIKE  STEAM SETPT (METER REF.)
FJFIX STEAM INFPUT SIGNAL C(SETPT)

" SFLATKREFLUA INPUT SIGNAL CSETPT)

JEAIT INTERPKRETER

5LOAD INTEGEKR SETPOINT

3LOAD INTEGER REFLUX SETPOINT
;STORE AS INTEGER VALUE

3’'STORE AS INTEGER VALUE -

FCLEARK ACO :

JCLEAK -MANUAL/AUTO INDICATOR

3 ENABLE INTERKUPT FOR ALL DEVICES

3 KRESTART LOOP

‘sLOAD DELTA.M REFLUX

iLOAD PRESENT QUTPUT LEVEL (M)
3ADD CHANGE» M +DELTA M. ’
3JSR TO.CHECK D/A EXTREMES

3M +DELTA M = NEW M

3 KEVERSE D/A OUTPUT

5CHANGE "'+ TQ "=

3D/A JUTPUT REFLUX

. R

5D/A.OUTPUT REFLUX .

;LOAD DELTA M STEAM

$1L0AD PRESENT OUTPUT LEVEL (M)
3ADD CHANGE» ¥ +DELTA M

3JSR TO CHECKX D/A EXTREMES

3M +DELTA. M = NEW M ‘

3 REVERSE D/A OQUTPUT

; CHANGE R R L] TO (1 1)

=

~

-



3]

vw1duvR*'v24061 -
V183 '1338vYY

- P1004'850403

21095'B0V765"
31086 0VVID4
21027° 00210
61010 ' 9vyYbYl
21811 ' 0BLYY

21012100)0¥3"

Q1013'182400

‘ 21014240114,

91515'177777”

V1B16°024410
g1p17* 22512
¥1023'v23406
1021024404

114227122513,

1023220492
2162400142

¥1025 960651
01926720144

61@27'i@eamw$

TU1u3e 020309,

G1e31 'UI06EE
¥1u32°'020100
G1333'0uva124
71434 00BLB3
P1U35'020302
$1U36'0LB126
Yie37'020320
@10427101200

MAUIT:

.

DAEXT:

DAMAA:
DAMING

OuT1:

651

" LDA 1.CHAL
. ADD 1,2

5TA 2,.+3

« 104
4
:u
1

LI
e+

SYe—0,9
STA 0, CHEK

«GUIT -

-

LOA 1,DAMEN
‘SUBL# 1505520
LDA U,DAMIN
LDA 1.,DAMAK
SUBL#Z 154, SNC
Lba - -

JMP 9.3

S

144

162000
2y 39
66
20100
124

63
203949 .
126
203208

121000

+EOT

- 101 -

.

\

JCHANNEL #1 MODE . ¢

3ADD TO OUTPUT .
;D/A‘OUTPUT STEAM -

3D/A OUTPUT STEAM :

3CLEAR ACO
3 5TORE AND INDICATE FREE

~

:D/A-MINIMUQh;;;:;;\\
3 BELOW MINIMUM

YES» JUTPUT MINIMUM
3D/ NIAXIMUM QUTPUT
tABIVE MAXIMUM

3YESs OUTPUT MAXIMUM
3 RETURN

:p/A MAXIMUM OUTPUT
$D/A MINIMUM OUTPUT

5TO TRIGGERK DVM

N

JEND OF CONTROL ‘LOOP TASK

-~

i
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/o
|
\
)

31041066412

Q%S:j'usuulz.
. @Tw4d'e47522

\\

01044947520
V1045 Bs2122
V1846'947511
G147'040516
B195B'Y23114
W1351 249507
81852'947111
¢10853'024040
21054924513
E1055'843344
¥18s6'Y51117
B1057'651640
P1B6VUTO43105
21261952514
D162 Y2V130
21963'947503
©1064°052116
W1v65'047522

.. 01366'046114
Y1867"051105
5107 Y2404
C1871'U33452
Y1BT72'030060
Bl8T3'924458
G1874" 8200840
s1375'080040

G1076'006412
B1077'0B44412
U11B@'852116
91101'@43505
Y1192' 040522
81183'926114
01104°@44524
91105'9042515
01106'043040
¥1187°'051117
61118651040
©1111°043105
@1112'552514
01113'926130
01114°047503
01115°852116
01116947522
@1117'046114
¥1120'Y51195
@1121'Y24940
01122'@38452
81123336064
B1124'024456
Y1125 P29040
21126’ 000040

B1127'0w6412
V1130044412

"NT " L

<4g9=>?

- 102 -

FKsTI CHANGES IN REFLus SEITINGS
MESS1: «TAT 2<125<15>
<1?>H . .
kO .
Falt)
KT .
10 .
NA
L
GA
InN
C ' .
K )
F
OR
14
EF °
LU .
x -
Co -
NT .
RO
LL
EK
C
* ). .
617] . .
) \‘F-_‘ -
<40><40> S
<4@:3

=

MESS2: «TAT ?7<12><15>
<i2>1 ) ~,

EG ) :
RA :
L.
L %
ME
F

‘OR

K
Er
LU
A
Cco
NT
KO
LL -
ER
(
* 1
o2 : ~
- ) ‘ .
<4ii>< 40>

MESS3: eTXT 2<12><]15>

<12>] -

E;




Yi131'Y50116
21132'952125
¥1133'9047040
91134053585
21135350040
@1136'VAa7522
Z1137'¥47520
vlilay'vs2te2
Bl1141'347511
¥1142'y48516
¥1143'020114
V1144040507
81145%Q47111
21146'0240840
B1147'030452
¥W1150'V38Y6eR
@1151°'024456
¥1152'085415
£1153'952040
01154'951105
©¥1155'B44515
A1156'043516
B1157'842524
©1160°053440
@1161'B52111
91162029110
J1163'851183
41164020040
81165 00DB 4

E1166"4W1Y85"
811677080630
1172188390
g1171'082102"
21172'@03160 .
@1173°001174"

61174024665~

.91175'vB6875~-

R1176'021166"

T W11TTOBVYVLY

Y1208 100804
212d1°*0U2174"
¥1202'B00100
@1293'val2v4°

21204624002~

21205086675~

B1206'001176°

1207 BYOLOY
B1212'1900060
41211°'062256"
d1212'vpd1vY
#21213'891214°

B1214°801206"°
B1215'200000

NH
T
o

. EW

P
RO
ro
RT
10
NA
L
GA
IN

<

1

161%]

I)

<]15><12>
T

ER

MI
NA
TE
7]
1T
H
CR
<l@><qG>
<40>?

KTI1l:

SIOX

&
100600
MESS1%2
120

e¥]

LDA 1,KTOP
JSR @BNDEL

«JOX
@ .
100pVe
MESS52%2
100
o+l

LDA 1,TITOP
JSk BBNDE1

«I0X

0,
103000
MESS53%*2
100

et]

« 10X

¢

=103 -~

FQUTPUT-

MESSAGE 1

"3GET K REFLUX VALUE

JauUTPUT

30UTPUT

JGET TIL
3AUTPUT

3OUTPUT

JINPUT NEU

VALUE
MESSAGE 2
REFLUX VALUE

VALUE

MESSAGE 3

VALUE



- 104 -

v1216°'829090 20909

V1217000134~ © TEMSP -

¥1220°' vyl ) 28 -

Bl1221'pYl1222" ot 1 T

©¥1222'924133- LDA 1.,20M iLOAD POINTER

91223'YB60T4- JSR eDpBIN1 3CONVERT ASCII=BINARY -
01224044005~ STA 1.KTOP $STORE NEW K CINTEGER #)
¥1225' 604166~ J5Kr CLEAN 3CLEAK TABLE' TEMSP
¥1226'BuV1214’ L1004 } 3OUTPUT MESSACGE 4
G1227000G0H . B : .

21238 100BOY - 130800

Yi231'902646" - MESS4ax2

¥1232'6UE168 - 101 .
P1233'931234" et

01234'0B1226" 104 . 3INPUL NEW VALUE
J1235'8pBdouve [%] '

91236'020000 ) - 200009

31237006134~ TEMSP e

B1249 "' BBVE2D .. 29

G1241'001242" Teatd

V1242°'@24133- ‘ LDA 1.POM 3LIAD POINTER

D124378063T4- JSR @DBINY 3CONVERT ASCILI= BINAnf

V1244 Baavv2-~ STA 1sTITOP 3 STORE NEW TL CINTEGER #)
¥1245'828165- LDA B,»MSOUT JLOAD INTERRUPT MASK
61246062377 . pDOB ©.CPU 3MASK JUT ALL DEVICES EXCEPT RTC
81247044961 - . 5TA 1sN1+1 _ 3$STORE NEW TI (FLe PT. #)
$le38'v24673- LOA 1,100 3LOAD CONSTANT 100
B1251'd44072- ‘ STA 1,C10U+1 3 STOKE CONSTANT

Y1252 '3240VS- LDA 1,£TOP 3L0AD N%Z K REFLUX C(INTEGER?
B1253T 044084~ STA 1.N2+1 3STORE QEW K C(FL+ PT. #)
R1254'102408 SUB 950 3CLEAR ACY

01255'040093~ . STA @,N2 SCLEAR OLD FL PT K VALUE ~ -
81256'0400E0- . STA ©sN1 $CLEAR OLD FL PT TI VALUE
Q12574871 - STA 0,C100 " 3CLEAX QLD FL PT CONSTANT
B1260'0DYA166~ JSR CLEAN 3CLEAK TABLE TEMSP
¥1261'vda733" FENT JENTER INTERPRETER

Y1i1262' 3660900~ FFLO N1 3FLOAT TI KEFLUA
P1263°068DY3- FFLO N2 3FLOAT K REFLUX
01264026020~ FLDA @,N1 . :LJaD il CONSTavwi REFLUX I
U1265%92adla- . FLDA lsN5 sL)A0 LIOP TIME CIONSTANT . ,/1#
V12667104244 FDIV 8,1 S3DIVIDEs T/TI

012671124308 FHLV 151 3HALF RESULT

G12T8" 044217~ FSTA 1.N6 3 STOKE>, T/2TI

V1271960871~ FFLO C1€9 SFLOAT CONSTANT 140.
g1272'820a71- FLDA @,ClU0 5L0AD CONSTANT

V12737824003~ FLDA 1sN2 - LOAD K REFLUX

V1274104200 - " FDIV ©@,1 sDIVIDE BY 109.

¥1275" paauua- FSTA 1,N2 3 STOKE CORRECT K REFLUXA
¥1276'10800D FEXT JEXIT INTERPRETER
P1277'182409 SUB ¥.,0 3CLEAR ACB" -

V13vYTB626TT poB ©Bs.CPU JENABLE INTERRUPT FOR ALL DEVICES

91301'091234° « 10X . $OUTPUT CRs LF




v F\;\\ﬁ: - . - 105 -

¢1302'00889006 ) B,
£13683°110000° < S TTevue
Q1304°DY2646™ > MESS442
91335'000VY3 3
$1366°001307" o+ 1
P1307'920116~ LDA @aHMAKI SLOAD MANUAL TO KTI{ INDICATOR
613167101995 .. MOV é,8,SNK 3SKIP IF .NOT = © .
@13t1govad : ' JMP 42 . FEAIT
21312'902077- _ JMP @MKIRT ; KETURN TO MANUAL ) o
31313"9V8345" «FORK 3 CREAT ‘NEW TASK
31314'000915 15 3TO KREINITIALIZE . e
Y1315°041317" KL 4 3PREVIOUS TERMINATING TASK
91316'981615" QUEIT > :
G1317°201313" Kla: -f%ORK 3CKEAT NEW TASK
81320 ' 0U0928 l2g . 3 SAME PRIORITY AND
91321'002415" BREAK . ; SAME TASK AS PREVIOUS
31322'0B1316° S QUIT !
81323006412 MESS4: . .TAT ?2<i2><15>
81324'044412 <12>1 «
@1325°05081L6 NP
"P1326'9Y52125 UT _ -
G1327°044449 1 . v
G1334'652116 NT
213311843585 EG
31332'040522- KA
1333'926114. L
31334'344524 TI1
£1335'842515 ME ’
1336'6414486 C ’
©1337'247117 ON
21340'@52123 ST
313417947181 N
81342'020124
1343°'925050 Y= +
31344'030061 19 :
01345'02706@ B-. .
91346205951 JI<12> : . X \
B1347°'020915 <15>%<40> . - -
21353°'352040 <493T ' )
21351'851105 ER
31352'244515 MI . ' o
91353'840516 NA :
21354'042524 TE
81355'9534483 W
$1356'052111 IT
31357'920110 H
2136@'351193 CR
B1361020040 <40><4U>
01362'0YVYAD  <40>?
«EQT SEND OF KEFLUX K»TI TAPE




P oo

- 106

’

3SETPOINT CHANGES FOi REFLUK & SIEAM CONTROLLERS

T B1363'006412 MESSI:  WTAT ?2<12><15>
.-01364'051412 <1255

01365652105 ET

@1366'047520 .FO A

BI367'47111 - IN
VI3TY Y2124 T
21371'a43117 OF
$1372'0U51649 R :
21373'043185 EF : &
¥1374'352514 LU . :
01375'@29130 X
81376047503 (O
@1377°'052116 NT
01408°'347522 KO
Plapvl'v46114 L
81482°'B51105 ER
61403"¥24040 ¢
014047053115 My
91405'9308452 %1
81486°036Y68 @0
P1407'Y30P640 qg
81412330060 @
B1411°024456 )
U1412°02YY4AL  <4q@><40>
B1413'000040 <48>2

01414006412 MES13: - +TAT 2<125<1%>
W1415'044412 <Ta>] 'Y
G1416'950116 NP

@1417'952125 U7 -
01420'847048 N

01421°953505 Eu

01422'85144¢ S .

@1423'852185. ET
91424'927653\7P0
©1425'997111 I

21426'020124 T
81427'842459 (E
014390'342116 ND
V1431'05344¢ W
01432°952111 IT
814337828110 H
@1434'051103 CR _ )
01435'005951 <125 7
01436'020815 <15><HAu>

V1437'046448 <4@>n

V14406°047111  IN

21441°2300875 =p

Bl442°646454 ,M

¥1443'¢d54101 ax

81444'031475 =3 j

V14453349665 5@

U1446703U0608 Y /)
144T7T'Y248S6 s>

W1450'020640 -~ 1><40>

1451y oY 7



/

614527006412

©1¢53%351412 .

Wlas54'e521e5
SafudaThe20.
d1456'uv47111
B1as5it - vug
31464043117
wl46)"JS5Lasa-
B1462'ya2524
B1463°'u46501
4L 341 440
31465'ﬂ47117

B14547551124 -
B14677046117

B1470'242514
vl471'avl22
P1472'046450
P1473'025126
B1474'0639061
B1475'63dG 60
Rl1a76°83YL6d
dla77'd2706@
1500206651
215917825040
2150220063V

¢1593'8Y1361"

. P1564°'0ee02e

21595 " 1yYdyw
PISBE " ULR2T 4L
L1587 *dEdlivd
L1518 BVES1LT

81511 '@24025-
21512'0P6YT5-

B1513'9015083"
P1514'V8RCAY~
891515102200
P1516'00303R"
91517'600109
$1520'0B1521"°

€1521'6891513°
Y1522 ' 0uis6ul
B81523'920dde
B1524°'046134~
@1525'vBav2Y
81526'%81527"

91527024133~
B1530°VV6RTAa-
21531 *B4AR25-

81532084166~
* ,
PI533'0Y4152Y"

©1534'0000682
P1535"103000

33536'003124"‘

-'107 -

MES1L:
<1255
ET -
FJ
IN
T

aF .

«TAT 2<12><) 5+ o

1E

AV
c g ‘.,

on i
TR

oL L

TE . ?__.

ha

(Y

Ve

L2

By

(%10

de
Y<a@> "

;4@><4@>‘ <
sP1: « I0A
73
1VBB00

MESS9*2

184
* 1 ~

A 1,SPTOP
JSR €BNDEL

«I04A

0
160600
MES 1042
109

atl

@
20000
TEMSP
2a
ot

LDA
J5R
STh

1,P0M
epaIN1
1,SPTQP
JSR CLEAN

« 10X

g , !
192000
MES11%2

"3 INPUT NEW

30UlFUT MESSAGE +9

5L0AD REFLUA SETPOINT
3OUTruUT {VALUE

30UTPUT MESSAGLE 16

1 .

VALUE

3LOAD PIINTER
3 CONVERT ASCII=BINARY
3 STORE NEW REFLUX SETPOINT

SCLEAR TABLE TEMSP

30UTPUT MESSAGE 11

LS




e

©¥1537"90Y100
81540601541

¥1541° 024030~

A1542° Y06V TS5-

¥1543'901533"*
21544 Q06U OB -
91545' 100000
91546 '¥B3030"
@1547 'Y VY

T P1558'00155] -

01551 '981543"
81552 ¥UUBBY
PISH3'020D66

B15%at080134~ "

21555'040220
01556'@%1557'

V1557624133~
P15606'LBU6BT 4~

01561'8440306-

015621020165~
81563362877

81564' 804166~
¥1565°' 024930~
01566'044827~
01567 'v28v25~
81578' 040024~
B1571' 192406

¥1572' 846023~
01573'R40026-

B1574'021261°"
P1575'0668023<
P1576'D6HVRG-
P1577'1@0860
B1602° 182400
81601062077

- @16V2'UY1551"

PLEV3 LADDD
P16B3411B0UD
21695'6083124"
P1686°0BRVL3S
B1667'GV161D"

91610901317 "
P1611'200015
¢1612'001614°

w1613'0u1322°
01614°V0L610"

V1615'Bbvp2o
B1616'6082415°

"BlelTtuvlEl s

~

1
5P

),-h

=

- 108 -
1006
et .
LDA -1,5PBOT 3LOAD STEAM SETPT.
JSR @BNDEL ™ 0UTPUT VALNE

I -
-

JLOX 300TPUT MESSAGE v
@ - : T
RULLLIR K
MESt@x2 o -
fow -
o+ 1 * B
104 . . 3INPUT NEW VALUF
o \\‘ <
‘28400 . N
TEMSP ’ o,
2@ . ) ' . .
ot 1] '
4 Y
LDA 1.,POM 3L0AD PIOINTER /
JSR BDBINI 3CONVEKT ASCII=BINARY
'STA 1,SPBOT JISTORE NEW STEAM SETPT.
LDA @»MSOUT 3LOAD INTERRUPTS MASK
DOB @,CPU 3MASK QUT ALL DEVICES EXCEPT RTC
JSK’ CLEAN $CLEAN, TABLE TEMSP .
LDA 1%5PBOT 5LOAD MEw STEAM SETPT. \
5TA 1589+ FSTORE SETPT. (FL. PT- #) ’
LDA @,5PTOP ;LOAD NEW REFLUA SETPT.
STA VsNB+1 J3STARE SETPT« (FL. PT. #)
SUB ¥,9 5CLEAR AC®
STA ©-N8 " 3CLEAR OLD REFLUX FL PT SETPT.
STA ©sN9 ‘ 3CLEAR JOLD STEAM FL PT SETPT.
hY
FENT JENTER INTERPRETER
FFLO N§ - 3FLJAT REFLUX SETPT-.
FFLO N9 ;FLOAT STEAM SETPT.
FEAT JEXIT INTERPRETER
SUB 9,0 1 -3CLEAK ACO .
DOB ©,CPU JENABLE INTERRUPT FOR ALL DEVICES
N [ ] .
10K JOUTPUT Cks .LF
0 _ A ' ‘
110060
MESt1%2
3
I+l
« FORK AEEAT NEW TASK
15 - ‘MG <EINITIALIZE
sP 3IPREVIOUS TERMINATING TASK
QUIT
«FORK . 3CREAT NEW TASK £
28 3SAME PRIURITY AND
BREAK © 3SAME TASK AS FKEVLIUS
SHUET . ~




«EOT

.

- 109 -

JEND OF g%TPOINT'TAPE

)
]
'




2

.

///

J

, 1620°'VP6412

pil621'VaTULR
V1622'Y53517
B1623'04744u
V1624028116
Y1625°Y40515
VI626'052516
91627'046101
Q1630°041442
U1631°'947117
V1632'051124
V1633846117
L1634'0d54315
21635'852d40
01636Tk2ullY
01637 V42524
B1640*046522
Gle4al*47111

. 916427952101

B1643"022105
21644347111
B1645°05252¢

' B1646'020124
\“\54647'252@47
658" ¥Y5U47-

81651895015
P1652'947524
01653'041440
81654048510
¥1655°P43516
01656320185
01657 'P4@526
01860°053114
V1661020165
B1662'042523
P16637052124
016647847111
B1665°'8515@7
V1666085015
P1667' 344442
R1670'v59116
21671°'352125

Bl1672"623449

¥1673'023523
01674'024040
@1675'047506
@1676°'028122

P1677'052123

01702042535
P1701°'624515
B1782'04744%
©1793' w2012
w1 TU4Y 051047
41705422847
V1746 42.5.
6174751117
U1710'951340
B1711'043105
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3MANUAL CONTROL OF REFLUA & SIEAY CONTRILLERS

M5S5:
<l12>N
QW
o
MA
Nu,
al, ) ' -

c . .
N ' ‘ ' e o
TR .- oo . o '
oL . q '

<15><12>,

<40>T: - o
0
TE

RM

™ : , B /

AT , ’

E .

IN
PU -
T - - .

IT .

tec]l2>

<15><l2?

TO

Cc

HA .

NG ] /
E

VA

«TAT ?2<12><]15>"

LV

E<4y> ' : A * ' - .
SE '

T ‘

IN
GS
<15><]12>
<qd>] : "
NP p :
Ut -
1}
Sl
(
FO
K
ST

EA
M) : . ///



2

B1712'052514 LUy
. 01713024530 X) |
<15><12>

J1714'0395015
B1715°9404498 <A¥>A
©¥1716'v42116 ND
V1717047649 N
¥172V'853595 EW
21721951440 s
21722'052105  ET

' @1723'047529  £0

91724'047141 -IN
0¥1725'926124 T»
V1726'0 2 M

1727047111 IN

V173L°'V3YBT5 =

S B1731'U2VB54

B1732°'040515 MA
B1733°036530 A=
¥1734'332463 35
21735'032060 6O
P1736'027060 B.
©1737'024048
@1740°853115° MV
01741030452  *1
P1742°'030060Y @Y
V1743'630V60 W@
W1744° 027060 @.
B1745'086451 I <15>
B1746' 023012
@¥1747°942524  TE
917501946522 RM
W1751°'¥47111  IN
B1752'352181 AT
©1753'020185 E
B1754'044527 W1
@1755'044124 TH
V17567041440 C
01757085122 R<12>
91760 VB5015
@1761°'000000 2

1

0176%'@54056- MAN:

b1763'vwlsu2’
B1764°002V00
P1765"100009
P1766'303440"
Y1767 600354
1770 VB1T71"°

@1771'066487

P1772'001763"
P1773'VUOLOD
@177471090008
V1775°V03440"
B1776'60VY33
B1777'002v060"

MANN:

<]12><4U>

<15><12>

STA 3., INMAN

.10‘

1]
100000
MSS5%2
35¢
.+l
JMP e+7
< 10X

%)
16900600
MS5%x2
33

tetl .

i ‘.
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el ad

’ I
5STOKE SUBROUTINE KETURN
JOUTFUT INSTRUCTION MESSAGE

e

d

5SKIP UNLESS ENTER FROM MANN

1

30UTPUT MESSAGE. '"NOW ON
5 MANUAL CONTROL®




P

82088 Y1vl 15~

vw2Y1'Yu1T7T2!
B2UU2 ' YLvbY

V209310806 0BY

V2YU4 ' Y93440°
B2%65'YBYyB3
J20d6 ' I0290 7"

V20T 'YYRYY]L "
G291 0 YIEGEE
02011 'B2oV0e
P2812'6RU163~
02013'800001.
02014322015

©vw2815'002007"
V2e16'BBYVGE
P2217'020010
0202000134~
02021008415
D2e22'602923"

V2023826163~

B2824'924130-
Y2625'93wl27~
U21V26' 142415
V2URT"I80404
2030122415
229310460444
Y2u32'ddb5a7

02833'4Y24133-
R2VU34'Yu6¥YTaA-
Y2V35' 644925~
B2036344024~
¥2037'102400
V240 Lb4wel3-

22041504166~

w2d42' 020165~
B2843'v62077
V2Y4a4'pdls5T4!
V2045 06LUR3~
V2046526023~
d2Q47"'w240046~
B205 ' by SUe
U2WS1 " luglue
V2952 133ubY
B2W53'¢¥5uU557
' T74556

Y2US5"1000VLE

B2wd5") Ll
J2¢S57 U626 T7

V2863 '6L2U553
L2061 '6UEUTE~
D2VE2'D4VB63~
V2R63"'V2 4062~

MANRT

FIRST:
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IS£ MCIRL

.IOK

7]
lvv e
M5 5%2
3

.+l

«I0X

v
2pwsL -
MODMA
1

«t1

<104

0

- 26000
TEMSP
15
o+l

LDA @sMODMA
LbAa 1,51NrP
LDA 2,rINP
SUB# 2,V55NK
JMP FIRST
S5UB# 15,05 SNk
JMe SCON

Jmer QUTM

LDA 1.r0M
J5K @DBIN1
S5TA 1,5°PTOP
STA - 1,N8+]
SUB v.,©

S5TA QN8

JSR CLEAN

LDA 9,M50UT

DOB ¥sCPru
FENT

FFLO N8

FLDA 0.N8
FLDA 15AGINS
Ft -4 228CAN5
Foage

Fan)

o RN R
FFIA JUTDM
FEAT

s5UB Bvs,9

DJIB ©¥s»CPU

LDA @,0UTDM+1
JSR BDAMEL
STA @,DTOUT
LDA 1,NEGDA

1)

FINDICATE MANUAL COMTROL

v
ES

. 3FLOAT

3Jufirul Ck & LF

¢

FINCJT CIDE

5 INPUT, VALUE

3LOAD INPUT FKOM TT

3LOAD s : -
;LOAD "R™ -

$SKIr IF NOT = "R"

3 JUMP REFLUX CONTROL

3SKIP IF NOT = *S"

3JUM“P STEA® CONTROL //—‘
3A5i\ﬁgﬁ UITII ,

o
3LOAD POINTEK
3CONVERT ASCII=BINARY
3STORKE'NEW REFLUX SETPOINT
$STORE IN FL PT #
3CLEAR ACO
5CLEAx OLD FL °T #

5CLEAX TABLE TEMSP

JLIOAD INTERRUPT MASK

JmASK JUT ALL DEVICES EACEPT RIC
FENTEX FL PT INTERPRETEK

NEYW REFLUA SETPOINT

FLJIAD WNEW REFLUA SETPOINT

3 A CINSTAN! LN Y=AA+B
PSS ISTANT IN Y=AAK+B
5 AA

3 AA+E

3 S10RE JUTPUT cngVE POSITION
ICONY # . ~i & = D PRESe. INTEGEK
JEXIT INTERPRETER

3CLEAR ACO

JENAELE INTERKUPT FOR ALL DEVICES

;LOAD JUTPUT ¢

iCHECA D/A LIMITS

JSTORE NEW VALVE POSITION IN
JREVERSE D/7A OQUTPUT

I'Mll



W2V64"' 1064006
LY2U65'd444U3

V2066 9Y2015"
Y2667 " VLLUU4
02U70 ' YVLECE
Y2U71 ' BEPEY ]
02872 ‘ueesi
G2B73'082074"

d2674'0pe7U5

P2075'024133-
V2076'UL6VT 4~
B2077 "044930-
V218324427~
Y2161 1182430
V2162840826~

42103 BUAal66~

B2104'320165~
¥2105'9Y62977
B2106'UU2044"
B2107 "Y6ud26~
P2110 928826 -
p211Yrueas46-
92112238058~
8211319410y
¥2114°'133086
22115358515
P2176'074514
@P2117"10000R0G
B2123°'182400
22121062077

P2122'020511
pD2123've6v76~
22124040164~
g2125'938d62-
v2126'112400
P2127'024061-
©2138'1330060
42131'950403

82132'v82066"

©2133 "' BYudb4
©2134'0B00000
P2135'BYvvil
V2136 0BVVV1
B2137'0u2146"

V2140 'BVY64]

22141102400
V2142'04G035-
02143'040p36~
P2144' 040037~
P2145°'040040~

SCON:

ouT™:

™

suB
STa

« 10X
4
7]
1
1

Jwip

Lba
JSR
5TA
5TA
suB
5TA

JSR

LDA
DaB

FFLO
FLDA
‘FL.DA
FLDA
FMeY
FADD
FSTA
FFIX
FEXT
Su8
DOB

LbA
JSR

STA
EDA
SuB

LDA
ADD
sTA

10K

o e Sl 0

Jmr

sus
STA
5TA
STEA
STA

Ust
15.%+3

MANRT

1,POM

ensiNl

1,5P80T

15N9+1

ved
Ds N

CLEAN

B>MS3UT

GsCrU

N9
QN9

1,ACONS
2»8CONS

-1
1,2

2,0UTDM
AuUTDM

B, Q7
QJSPU
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L

B,0UTDM+1

eDAMEX
©.BTOUT
2>NEGDA

Bs2

1,CHAL

1,2
2} l+3

MANRT

Vs0

BoN12
BsN13
YaNL 4
©VaN1S

¢

v
}

T3CHANGE M+ TO

30JiruT REFLUA VALVE PJISITION

:hES'TA.'ér

JLOAD FOINTER

SCONVERT ASCII=

3 STIKFE,
3STOKE
i CLEAK
3CLEAK

ACY
OLD FL.

sCLEAKX

BINaRY

NEW STEAM SETPT.
IN FL: PTo 4

PT« #

TABLE TEMSP

SLIAD INTERRUPT MASK
3MASK OUT ALL DEVIGES EACEPT RTC

JENTER FL PT INTERPRETER
3FLOAT NEW STEAM SETPOINT
3L0AD NEW STEAM SETPOINT

3 A CONSTANT IN Y=AL+B

3 B CONSTANT IN

;3 AAX
3 AK+B

3STORE QUTPUT C(VALVE POSITION)
D PRES.

JCONV FL PT #

Y=AX+B

SEXIT INTERPRETER

3CLEAR ACD

¢

S

INTEGER

FENABLE INTERRUPT FOR ALL "DEVICES

$LOAD OUTPUT

FCHECK D/7A LIMITS
35TORE NEW VALVE POSITION IN ''M"

JREVERSE D/A QUTPUT
- 3CHANGE "“+™ TO

;LOAD CHANNEL #1 MODE

3ADD TO DUTPUT

SRESTART

JCLEAR AC®

JCLEAR JLD ERROR

3CLEAR OLD ERROR FOR srzj?

/

. 30UTPUT STEAM VALUE‘>Q

FOR REFL %

@
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D2146' 020165~ LDA "0sMSOUT | | 3LOAD INTERRUPT #MASK
W214T7°W620T7 DOB. 8,Cry . 3MASK OUT ALL DEVICES EXCEPT RTC
P2158'pp21v6" FENT = BJENTEx FLs PT. . INTERPRETER ‘
Y2151 'Y60V3S~ CFFLO NIZ2 3FLOAT OLD REFLUX ERROR
2152'y6Uu37- FFLO N14 * 3JFLOAT OLD STEAM ERRIR
332153'1umwu@m " FEAT SEALIT INTERPRETER
2154 Tv2400 SUB Us1 3CLEAKR ACY .
82155'v62077 - DOB UsGPU | . ENAHLE INTERRUPT FOR ALL uavxcas
@2156'@@2132' LOPMN: 10X 30UTrUT MESSAGE 9. o
32157 340Uddy @ : o~
¥21690°18VBYY 100000
d2161 " DBg470" M59%2 _
P2162°00B150- - 159 .
U2163'682164° e+l
- LY
92164 VV2156" 10X -3 ANFUT CHARACTER
V2165 BBRIGAH g _§§b
02166' L2¥duw 2uBui v
: 7° u@msa- ) SAdiHa
L6217 36301 1
¥2171'pe2172" - et Y.
. & ’ -
172920163~ : LDA 8,M0DMA SLJIAD INPUT GHARACTER
02173'024127- LDA 1,RINP 3LOAD 'H§74§$EFLUKJ 1
92174038138~ LDA 2,5INP 5LOAD 'S's (Y9TEaM) *
2175634126~ LDA 3sNInp SLOAD 'N'5. (0D .
2176162415 ° SUB# 3,8, S8KR 35KLP EF NOT = *'N°'
2177066445 o JMP et6 JEXLT
UARZ3"Jlutl 6~ -7 ISE MAKI 5 INDICATE MANUAL TO I CHANLE
J22J1 122415 WUBE 1,0, 5NK. 3SKLP IF NOT = 'ic*
G28J2'guw2tlel- . JMP eKTI , 3JUMP TO KTILI S/
3'142415 SUB# 250,5NK 3SKIP IF NOT = *'s° v}’ - N
'g02122- JMP e@STAaM ;JUMP TO SYEM ’ “
¥2235°0u2164" <10X ° 3ASSUME "N* FOA-NQ
pezvs'ouedwy . - ] ,OUIPUT Cis» LF -
2228710092843 1002649 '
02210'ULa476" ‘MS59%2
82211'082223 ' 3 - ' -
Ge212°'p52213° e+l .
B2213'1024049 ) SUB ©,0 JCLEAR ACO .
B2214'04B116- f STA ﬁ,mggl JICLEAR K»TI INDICATOR
82215348115~ ; STA 9-MCTKL 3 INDEGATE ™MANUAL OFF )
92216310054~ 7 15 MANAU 3 INDICATE MANUAL TO AUTO TRANSFER ]
. . . . -"‘/Q
@2217'024055~ LDA 1,STMAN SLOAD START-UP LNDICATOK g
J2220'125u44 MIV 1,1.5:55 Sty =i~ 2
GEEELY G265 8- JMP eINMAN. 5YEas SR ilixd 13 qu11AL[:ur13u'
_ 3ND > _CONTINUE ‘
Y2222'3¢1614°" «FORA REAT NEW TASK )
22223'300915 15 KEINITIALLZ
02224002226 T MAN3S tﬁzvxous TERMINATING TASK
¥2225'301617" . cQUIT

H
02226'YR2222" MAN3: «FORK
V2227 '084Y02¢ - 20

3 CREAT NEW TA{ (f,\\\
3 SAME PRIOKITH AND



I

)

5223V 'BY2415"

v2231'vvez2s"

. 22232'00V00Y  OUTDM:
92233 ' Y6 DUYY

¥2234'0B6412 MS91:
BR235'645412  <12>K

L 02236'u52654 ST

- 02237'220111 - 1I.
’ 222490'044193 CH

’wezai'ﬁavlml anN
02242042507 GE

. 92243'920123 S
G2244'006477 2<15>
B2245'020012 <12><4@>
T U2246'B47111  IN
02247052528  PU
22253 'Y2vl12q T
92251'94a7047 'N
@2252'V20B47  °
B2253'p47058 (N
92254°024517 Q)
82255'020854
J2256'3051647 'K
2257 'B2YR4T "
De260YUS1YS50 (R
¢2251'9431455 EF
€2262'052514 LU
PLR63'024530 X)
D2264' 04T 440 0
p2265'020122
B2266'35144T7 . 'S
02267320047 '
P2279'651458 (S
P2271'042524 TE
P2272'046501 AM
62273020851 ) <ad>
‘B22T4'620040 <4@><4p>
0227504500 !

|

- 115 -.

BREAK

«QUIT

)

K]

«TAT '<12><15>

«EOT

sl

-

-,
i

T 3SAME TASK AS PREVIJUS

;D/7A JUTPUT
3 IN FLIATING PT. WOTATION

SEND OF MANUAL CONTwOL TACE




U2276°'0R6412
V2277'0569V12
V230U’ V4aT522
82301047529
22362652122
¥23U3'347511
J23u4' 340516
W23u5'328114
V230648507
V23V7T'v4aT7111
D2310'824540
©2311'824513
B2312 G430 41
P2313'¥51117
P2314'Y51440
n¥ 642524
9 V46501
23177041449
22320047117
@2321'951124
P2322'9Y46117
- G2323'042514
@va324°'329122
U2325'3250u5Y9
Y2326 '93V661
V2327 Y2786V
B2330"425¥51
g2331 92040

82332 '20BBLY

B2333'0v6412
W2334'044412
w2335'B52116
©2336'0435485
B2337'64a0522
2340320114
V2341°'844524
V2342'042515
V2343'043340
v2344'651117
B2345°US 1440
B2346"U42524
P2347°'VB46501
82350024040

#2351'930452°

V2352230062
92353'224456
22354 U2UP 4L
Y2355 "YUYY4Q

92356006412
62357844412
¥2360'556116
V2361652125
B2362°BA4ATV4LY
02363'053545

¥2364°'B59B40

B2365*©B47522

1
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5K»TI CHANGES IN STEAM SETTINGS

MESS5: «TAT 2<12><15>
<12>p

RO

PO

RT

10
NA

L o ‘
GA —
IN .

<
K)

F
OR
'5

TE

AM

c

oN

TR .

0 L- ‘ra
LE - ' '

K

(%

1¢

‘B e

Y<Hp>
<4ia><40>
?

MES56:r  -TAT ?2<12><15>
<12>1,
NT
EG -
ka
L
T1
ME
F
OR
S5
TE
AM
(
*1
Qe
u)
<49>< 40>
<4@=>?

.t

MESS7: «TXT ?2<12><15>
<1221
NP
uT
N i
EW
P
RO



¥4

8236604752V
E2367'u52122
B2378'U47511
82371240516
W2372°'w20114
¢2373'040587
V2374347111
w2375'd24149
¥2376'430U452
Y2377 "B30w6Yv
9249u ' U24456
V24U "Uuoul5
Y2492 452840
¥2483'v51105
92484044515
G2465'V4U516
D24067042524
L2407 053440
d241a°852111
B2411°'920110
B2412'851183
V2413220040

‘02414 000u40

62415177777
92416240191

d2417'Qu2285"
w2420 ' JLSLBE
Y2421 7320560
B2 525930
2423 Vol 1
Ure 24 gu2425°

D24a2S 245
V2426020125~
L2427 030127~
S ATPB84130-
$2431%186415
G2432'062117~
P2433'02 1126~
J2434'136415
B2435'6ul120-
Ue4al36'146415
V2437952121 -
B2449°166415
Y2441'002123~
P2442'330124~
W2443'146415
A2444° VYL 4W2
B2445* 006514

2446 0d241T"
B244T00UBDBY
V2456136600
32451 ' BY4ASTL"™
W2452°'Yudl e
W2453'0U2454"

B2454' 024013~

PO
KT
10
NA
L
GA
In
¢
*1]
(23%]
)
§15>»<]2>
<4B>T
ER
i
NA
TE
%l
IT
H -
CR
AP ><4P>
<40>7

BrEAK:

S5TEM:

« BRK

101 .

«{0X
V)
20009
JDEM
1

e +1

LDA
Lba

1, o
[P R
LDA 2sRINF
LDA 3>8INP°
SUB# Jsls S
JMP eMAN1
LDA WsNINP
SUB# Us 15 S5m0
JMP eMAN2
SUB# 25155Nk
JMP eKTI
SUB4 351,53k
JMP esP2

LDA 2,BINP
SUB¥ 2515,5Nk
JMP STEM

JMP ERROR

« 10X
7]
1808060

MESS5%2

180
e+l

LDA 1,K80T
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. IBREAKX AT INPUT A",

;INPUT CODE LETTER

3 +F LETTER
SLOAD ™™ FOK MANUAL
3LOAD 'R"™ FOR REFLUA
JLIAD AT PR SETPT
3SKIP LF NOT = "u» '
sJuMP TO MAN .
$LOAD "N FOR MANUAL. (NO
3SKIP IF NOT = "N
3JUAP TO MANN o
3SKIP IF NOT = "R“
3JUMPE TO KTIL1
JSKIP IF NOT = ™87
sJuUaP TO SP1L . .

;LOAD B FOR BOTTOMS

< 3SKIP IF NOT = "B
1JUMr TO STEM
3ERRORs EXIT
3O0UTPUT MESSAGE 5

8,
-

JUET K STEAM VALUE

TEAT)
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Y2455'0UsEHTS= - JSR BBNDE] 30UTFUT VALUE

V2456 " Iv2445 " «I104A .. JOUTPUT MESSAGE 6

G2457 ' BIGVLY ‘Y

¥2469"'10ULBG . 1899043

V2461 084666™ MESS6%2

V2462 ' GPI]1 VY 196

82463052464 .+l

Y2464 02410~ LDA 1>TIBOT . SGEY vI STEAM VALUE
V246506075~ T JSK @BNDEL 30UTPUT VALUE
B2466'0U2456" <104 J0UTrUT MESSAGE 7

V2467 'YLOBWL 9

G24TS " 188BY0 1B08BE

B2471'534734" MESS7%2

82472665190 100

P2473'602474" otd

024741302466 104 3 INPUT NEW VALUE

B2475 BYIIBY 6 )

B2476 02000 20000

02477000134~ TEMSP

P2509 ' BVBY2D 20 o

2531 'guesy2’ |

U25u2"¥24)133- 1.DA 1,P0M 3LOAD POINTER

Y2543 60T 4- JSR eDpBInN1 5CONVEKT ASCII=BINARY
¥2534 ' 344013~ : STA 1sKBOT 3STORE NEW K CINTEGER #) .
B25a3 TUual b6~ JSR CLEAWN. 3CLEAN TABLE TEMSP

G256 HEzaTA" « 10A 3OUTPUT MESSAGE &

G25¢7 ' BYYRYY @ :

$25102 100800 1060006 //;g;

82511 '935416™ MESS8%2 '

V2512 'Yuul Y 104 ;;kf

92513'4p2514" ot \
B251474V2506" 10X T 3 INPUT NEW VALUE
42515000000 ' (4] ' . '
B2516'520000 20010

H2517'Yeud134- TEMSP

G2520'03Qu2d . 20

92521 '502522 " ot}

@2522'324133- LBA 1,P0M ;LOAD POINTER
WeS23'Ud6UT4- JSR BDBIN1 SCONVERT ASCII=BINARY
W2524' 644910~ STA 1,TIBOT 3 STOKE NEW TI c?zTEGEH &)
¥2525'y2vaATT . LDA GsCPU SLOADY INTERRUPT ) MASK
@2526'Y620717 . DOB ®,CPU : OUT. ALL DEVICES EACEPT RTC
B2527' 044087~ STA 1,N3+1 3STORE NEW TI (FlLae PTe £
0253062473~ LDA 1,K100 sLOAD CONSTANT 1806.
B2531'344672~ 5TA 1,C100+1 3 STORE CONSTANT
92532'Y24013~- LDA 1,KBOT 3LOAD NEW K CINTEGER #) -
B2533'B44012- STA 1,N4+1 $STORE NEW K (FL« PTe &)
B2534'182400 . SUB ©s9 © 3CLEAR ACWY ‘
£2535'349011- STA VN4 sCLEAR OLD FL+ PT« K VALUE
B2536'040B06~ STA 2»N3 3ELEAR OLD FLe PT. Tl VALUE

B2537"'040071~ STA @,C100 3CLEAR OLD CONSTANT




V2540 BY41 66~

82541 'GY215v"

Yes542'96uvdée -,

Jd2343'06GW1 1~
Y2544 020BJ6~
V25452401 4~
U2546'104200
02547'124399
J25350 844021 -
a2531'uesuTl-
SeEnoz'u2eUTl -
WvwE2553'924011 -
W2554'1 0424
825355244611~
v2556"' 1WUdBELY
Ywess7'1uv24vu
V256U W62077

V25561 '90U2514°
J2562'9900v0
d2553"11uuidy
V2564w d541u"
£2565'930903
J2566'902567"

Ww2567'¥2W116-
025731310935
925710482
WESTE P U32077~

22573 'vp2226"
G2574'0BUL1S

+ U2575'8V2377"

02576982231 "

P2577'222573"
02602 ' 020020
P2601'B02415"

52632'G32576"
V2603 BIVBYY

S26J4%056412
W264d5'344412
V26456350116
32697'v52125
92619244449
42611'452116
©2612'043595
©22613'B4B522
62614620114
02615344524
026167042515
¥2617'041448
V26207V47117

©v2621'252123
Y .

Erkdns

KTI3:

MODE-:

MESSS8:
<12>]
N2

UT

NT
EG
RA

TI
ME

ON
5T
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JSKR CLEAN

FENT

FFLO N3
FFLO N4
FLDA G.N3
FLDA 1,N5
FDIV ©»1
FHLV 1,1
F3TA 1,07
LY Gl
FLDA B,C1ldp
FLOA 1,N4
FDIV 8,1
FSTA 1»N4
FEXT

SUB Vv,9
DJOB 0.CPU

«I0A
]

L1 100080

MESS8+2
3
e+l

LDA U,MAKI
MOV Wsds SNK-
JMP e+2

JYr BMKIRT

«FORK
15

KTI3
«BUIT
« FORK
20

BREAK
ety

I

«TAT ?7<l2><]15>

;CLEAN TABLE TEMSP

SENTENR INTERPRETER

3FLOAT Tl STEAM ﬁ\\\;_/
3FLOAT K STEAM

3LOAD T1 CONSTANT STEAM
3LOAD LJIP TIME CONSTANT
3DIVIDEs T/TK

SHALF KESULT

3STOREs T/2TI

SEFLOAT CONSEAN: 1 .-.

5LOAD CONSTANT

5 LOAD ﬁgSTEAM

3DIVIDE BY 160

3STORE CORRECT K STEAW
JIEALT INTERPRETER

3CLEAK ACU . ]
3 ENABLE INTERRUPT FOR ALL DEVIGES

0UTPUT Crs LF

FLOAD MANUAL TO AT1 INDICATOR
PS5KIP IF NOT = '
JEXIT-

FRETUKN TO vANUAL

3CREAT NEW TASK
3TO REINITIALIZE
FPREVIOUS TERMINATING TASK

SCREAT NEW TASK -
3 SAME PRIORITY AND
3SAME TASX AS PREVIOUS

SINPGT B51Jiaue




B26E22'YaAT1u]
¥2623'020124
V2624825954
B2625'V3UD61
V282662 THED
Y2627 'I35051
B2630'u2uulsS
£2631'852949
V2632851165
¥2633'0443515
¥2634'V4av516
¥2635'B42524
@2636'053444
¥2637'Y52111
V2640'82911d@
U2641'051163
D2642 ' 920040
82643 ' VUVY 44

AN
T
Ch
10
e
y<l2>
<1S5><qd>
<4l>T
Est
M1
NA -
TE
)
IT
H
Ck
<hQl>< 4G >
<49>?

b

«END
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»

3END OF STEAM X>TI TAPE




| T
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APPENDIX IIXI

EXPERIMENTAL RUN DATA




&,,

==

TABLE 2

CONTROL SETTINGS FOR EXPERIMENTAL

Steam Flowrate

"Reflux Flowfate

RUN
e T
0.2 0.3 sec"l
0.05 . 6.0 sec T

- 122 - . —




Feed Flowrate
Bottoms Flowrate
Distillate Flowrate

Reflux Flowrate

Tray
Tray
Tray
Tray

Feed

Tray

Tray
Tray

Tray

Tray‘
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TABLE 3

EXPERIMENTAL RUN No. 1

STEADY STATE CONDITIONS

0.5 USGPM

]

0.39 USGPM

0.11 USGPM

Il

9000 as computer setpoint
(0.17 usGceM)

Steam Flowrate = 18000 as computer setpoint
(9.2 psig signal to control
valve)
TEMPERATURE PROFILE
No. 1 202°F
No. 2 199°F
No. 3 196°F
No. 4 191°F
189°F
No. 5 192°F
No. 6 191°F
‘No. 7 187°F ’
No. 8 179°F/ //\\\
No. 9 169°F
No. 10 160°F

‘t?ray
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TABLE 4

»

EXPERIMENTAL RUN NO. 2

- .

K2

STERDY STATE CONDITIONS

Feed Flowrate = 0.48
Bottoms Flowrate = 0.38
. Distillate Flowrate = 0.10
Reflux Flowrate = 8000
Steam Flowrate , = 18000

TEMPERATURE

Tray No.
Tray No.
Tray No.
o Tray No.
Feed
Tray No.
Tray No.
Tray No.
iray No.
Tray No.

Tray No.

1

2

=)

10

USGPM

- USGPM

USGPM

as computer setpoint
(0.12 USGPM)

as computer setpoint

(9.2 psig signal to control
valve)

PROFILE

209°F

201°F ° o~

i98°r

192°F

193°F

“194°F

194°F
193°F
191°F
183°F

168°F




PR SRR S E gy
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TABLE 5.

EXPERIMENTAL RUN NO. 3

STEADY STATE CONDITIONS

Feed Flowrate = 0.50 USGPM

Bottoms Flowrate = 0.44 UsGrPM -
Distillate Flowrate = 0,09 USGPM
Reflux Flowrate = 10000 as computer setpoint
: (0.20 USGPM)
Steam Flowrate = 18500 as computer setpoint
: ' (9.6 psig signal to
' control valve)
. TEMPERATURE 'PROFILE
Tray No. 1 A 198°F
Tray No. 2 195°F
Tray No. 3 195°F
Tray No. 4 193°F |
Feed 190°F
Tray No. 5 183°F
Tray No. 6 174°F
Tray No. 7 165°F
‘'Tray No. 8 158°F
Tray No. 9 155°F
Tray No. 10 153°F






