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CHAPTER I 

INTRODUCTION 

Today American industry is face.d with pressures to 

increase productivity in order to compote in the world 

market, reduce pollution, improve quality to protect the 

consumer, and create nev/ m.ethods of producing more com.pli-

cated and sophisticated products. These challenges are 

being met in part by ccmputer automation [1] . 

To increase productivity in metal fabrication,-

companies have turned to num.erically controlled m̂ illing 

machines. This equipment was only an idea in 1948 and 

was not comjneroially available uniil 1954. NO machinery 

v;as n/'t in widespread use until the advent of the computer 

in the late 195C's to assist man in programming tliem.. 

The increasing use of riumerical control has developed 

with the advance in com.puter technology and today one 

finds such techniques as Com.puter Numerical Controls (CNC) 

and Direct Numerical Controls (DNC) increasing in 

number [2]. 

Likev/ise in the late 1950's chemical plants and 
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other process plants were primarily controlled by analog 

devices, gages, and human operators monitoring the pro

cess. However, the increasing complexity of the pro

cesses and the need to acquire data and quickly react 

to it have forced com.panies to depend heavily upon com

puters to control their plants. One estimate has been 

made that the number of plants or processes being com

puterized is increasing by forty to fifty percent per 

year [3]. 

The need for a quality product at low cost is 

leading many firmis to turn to computer-controlled auto

matic testing to insure the quality of their goods and 

to reduce labor costs. The test systems requ.ire a close 

marriage of hardware and softv/are to provide the user 

with an adaptable, easily program.med system [4] . 

With ever-increasing industrial emphasis on computer-

autom^ated ŝ ŝtem.s, future engineering graduates will 

require a basic knowledge of such systems. The prolif

eration of m.inicomputers in process control, numerical 

control, and automatic testing gives testimiony to the 

engineer's need for a working knov/ledge of computers 

and automated systems. The importance of this aspect 

of the engineer's education is supported by Mr. Sherman 

N. Mullin in his article on "Technical Management Tech

niques for Large Scale Automatic Test Systems Engi

neering [5^i and others [6]. 



Engineering education has responded to this need 

with courses on com-puter theory, operation, and pro-

grajmning [7]• An important adjunct to the classroom 

instruction would be a working "real-tim.e" process 

control system providing valuable "hands-on" experience 

for the students [8] [9I. The value of such a system 

lies not in the complete understanding of the process 

to be controlled, although a basic knowledge is required, 

but rather in the understanding of the procedure of con

trolling the process by computer. 

This thesis, therefore, presents the î roposed 

design of a system to control and monitor a water heating 

unit which could be used in an undergraduate lab course. 

The system wdll control valves and pumps and monitor flov; 

rate, total liquid flow^ differential pressure, static 

pressure, and temperature. The major areas presented 

are (l) the system organization, (2) the computer speci

fications, (3) the interface specifications, (4) the 

heating unit specifications, and (5) the computer 

software. 

Since this thesis primarily specifies the design 

of the interface between tlie computer and the heating 

unit in automatinvj; an existing process control system, 

the majority of the material presented will concern 

the interface unit with less emphasis on existing 
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components of the system. The interface design was 

undertaken with three primary criteria: 

1. Economical construction. 

2. Expandability within the heating system.. 

3. Possible conversion from the heating system 

to a water desalination plant owned by the 

chemical engineering department. 



CHAPTER II 

SYSTEM ORGANIZATION 

The heating system is organized in.to three primary 

units as shownn in Figure 1. The units are (1) the 

Hev;lett-"Fackard computer (Model 2100) , (2) the computer-

heating unit interface, and (3) the v/ater heating unit. 

HP 2100 Computer 

The HP 2100 Computer and associated peripherals are 

fundam.entally organi^.ed as shown in Figure 2. As noted 

in A_Pi!:̂ :i££:J„G,iUjl̂ „io__j;̂ h_̂ ^ 

the computer itself is separated into three sub-̂ <.sscrr-

blies LlOl; 

1. The input/output (l/O) section whicl'i 

interfaces to all the peripheral devices. 

2. Th.e central processing unit (CPU) v̂ hich 

handles all arithmetic operations and 

system timing functions. 

3. The magnetic core memory into v/hich all 

data and v/orking programs are stored. 
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Application programs to operate the heating unit 

are punched on either Hollerith cards or paper tape and 

input to the 2100 by the appropiate method. The programs 

are stored either in the working memory of the computer 

(magnetic core) or on magnetic tape for future use. 

Execution of the prograjn translates control data to a 

format acceptable to the interface unit and control cir

cuits. Information is then transmitted via the l/O sec

tion to the heating unit interface. 

Computer-Heating Unit Interface 

The computer-heating unit interface, as its hyphen

ated name implies, is organized into two parts, the com

puter interface (Unit #1) and the heating unit controls 

interface (Unit #2). As shown in Figure 3, the two sub

parts are connected by two transmiission lines to provide 

full-duplex operation, that is, data transmission may 

occur in both directions at the same time. Although 

configured for full-duplex operation the system normally 

transmits in one direction at a time in an "answer-back" 

mode. That is, the computer transmits a command and 

expects, an "answer back" from the heating unit. This 

provides for verification of the command sent to the 

heating unit. The full-duplex configuration provides 

for expansion of the system to the automatic generation 

and transmission of system an.armis without prompting from 
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the computer. Information is transmitted serially between 

Unit 1 and Unit 2 to provide economical data links between 

the two units. Control words received at Unit 2 are 

stored and decoded to perform, the various operations 

required for the heating unit. 

Water Heating Unit 

The v/ater heating unit (Figure 4) receives the 

decoded control signals to operate pneumatic controls 

for gate valves and to control the on-off operation of 

a pump, and to monitor electrical outputs from several 

transducers. The valves control the flow of water and 

steam to the vessel, and the pump controls the dumping 

of the heated vvater. The measurements made on the system 

are flow rate, flow total, temperature, differential 

pressure, and static pressure. 
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CHAPTER III 

INTERFACE LOGIC AND CONTROL CIRCUITS 

This chapter covers in detail the necessary elec

tronics to perform the tasks discussed in Chapter I. 

Unit 1 will be presented first and will be covered in 

nine subsections. 

Prior to discussing the circuits one needs to be 

familiar v/ith the method of referencing particular gates, 

integrated circuits, flip-flops, etc. Individual compo

nents are referenced by using a three to five place 

alphanumeric code as follows; 

NiAiN2(A2)(N3) 

N= Number 

A= Alphabetic Character 

Since Unit 1 is presented in nine sections and nine cir

cuit diagrams, reference to any one component is made 

first by referencing the number of the sheet (N|) in which 

the component appears. The second character is an alpha

betic character which represents the type of component 

referenced. The letter codes are as follows: 

12 



13 

A: Operational Amplifier 

C: Capacitor 

F: Flip-Flop 

G: Gate (either NAND or Inverter) 

H: Integrated Circuit 

R: Resistor 

The third character in the code is the number of the 

particular component in the figure. For example. 7F3 

represents flip-flop number three in Sheet 7. The fourth 

character is a letter code representing the desired con

nection or pin of a particular com.ponent. The codes are 

listed below: 

Clk: Clock Input of Flip-Flop 

Clr: Clear Input of Flip-Flop 

D: Data Input to Flip-Flop 

Q: Q Output from Flip-Flop 

Q: Q Output from Flip-Flop 

P: a) Used with Flip-Flop, means Preset Input 

b) Used with Integrated Cii'cuit, m.eans "Pin" 

(N^ must follov/) 

X: Gate Output 

Note: LoY/nr case letters are used to label 

individual connections in certain instances. 

The fifth character is a number v/hich represents the pin 

number of ar̂  integrated circuit and, therefore, is used 
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only with the code N.HNpPN^. The sheet numbers are in 

the lower right corner of each schematic. 

Unit 1 - Computer Interface 

The computer interface can be logically separated 

into two units, one being a standard HP Micrccircuit 

Interface Card which is plugged directly into the com

puter while the second is the associated electronics 

for transmission/reception of data between Units 1 and 

2. All references to the term "Unit 1" v/ill be directed 

to the second of these logical subsections and not the 

Micrccircuit Interface Card (MIC). However a basic 

understanding of the MIC is required prior to discussing 

the details of Unit 1. 

The Micrccircuit Interface Card (MIC), Model 

#12566A, Figure 5, contains tv/o independent 16-bit data 

registers which allow separate two-way transmission of 

data between the computer and Unit 1. Data signals 

are in the negative logic mode (ground-true/positive-

false) . The Device Command signal to Unit 1 initiates 

action in either the form of data output or data input. 

The Flag signal from Unit 1 is an action request signal 

to the computer. The "action" being requested is the 

initiation of data input from Unit 1 [ 11] . 
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The hardv/are c r i t e r i a for Unit 1 are as follov/s: 

1. Two l6-bit registers 

2. Capability of handling negative logic l/O 

3. TTL Logic levels: -5 volts and +5 volts 

4. Supply a Flag signal 

5. Respond to Device Command 

The block diagram for the computer interface sec

tion. Unit 1, is shown in Figure 6. Vflien information is 

transferred to the heating unit, the Input/Output Control 

section loads data into the proper higher or lower order 

bits of the 32-bit output register. The Parity Generator 

determines a 4-bit parity word which is to be loaded into 

the Parity Register. The Start/Buffer Register is a 

two-bit register which contains a logical "1" in the 

Buffer bit to maintain the proper "off" or non-transmitt-ing 

state on the transmission line to the heating unit. The 

start bit contains a logical "0" which, when shifted 

serially into the Buffer bit, indicates the beginning 

of data transmiission. After two 16-bit words have been 

loaded and parity bits generated, the output clock gate 

is opened to serially shift out 37 bits (32 information 

bits, 4 pari'ty bits, and a start bit) after v/hich the 

circuits are reinitialized a.nd the l/O Control allov/s 

reloading of the 32-bit output register. 

On input the Start Signal Detector determines if a 

start bit has been received and notifies the l/O Cont:'ol • 
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accordingly. The l/O Control opens the input clock gate 

and serially shifts in 36 bits of information (the start 

bit is of no consequence and is ignored) after which the 

parity information is checked for validity. If an error 

occurs, an error code is inserted into the operation code 

of the 32-bit word. If no error occurs, processing con

tinues normally with the l/O Control passing the higher 

or lov/er order bits of data on to the HP2100 through the 

Hi/Lo Select Circuits. 

Input/Output Control (IOC) 

The Input/Output Control (IOC) circuit. Figure 7. 

directs the proper loading of the double word 32-bit 

output register and controls the transmission of a 

Flag to the computer and the subsequent input of two 

16-bit word:'. 

The IOC routes the Device Command and Flag signals 

properly to enable completion of current data trans

mission prior to interruption of the computer to receive 

input data. 

Output Register 

The 32-bit output register, Figure 8, consists of 

eight four-bit storage register integrated circuits 

(SN7495N) [12]. Briefly, the higher-order v/ord is 

stored in integrated circuits H5--H8 while the lower-order 
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word goes in Hi-H4. M^ is normally "1" and causes the 

parallel loading of the appropriate IC's v/hen L or H 

goes to/'O". When M^ is "0" data bits are shifted seri

ally out to the Parity Register and subsequently to 

Unit 2 upon sucessive transitions of tĥ e clock signals 

K̂ -K̂ ^ from "1" to "0". 

Parity Generator 

Figure 9 is the diagram for the Parity Generator 

circuit and Parity Register. IC's H1~H4 are eight bit 

parity checker/generator circuits (SN74180N) [12]. The 

generators provide odd-parity bits which are stored in 

the four-bit shift register H5. Added reliab.ility will 

be obtaincid by alternating the lines to be checked. 

Every fourth output bit wiD.l go to the sajne generator. 

Therefore, should any jitter occur on the transmission 

line, the error received may not appear in the same 

parity group and will be detected as an error at the 

receiving end provided other errors have not occured 

nullifying the parity difference. 

Line Drivei/Receiver, Start/Buffer Register, 

And Start Signal Detector 

From the output register, data bits are serially 

shifted through a two bit register to a dual differential 
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line driver (SN75109) [I3], Figure 10, on to Unit 2. 

The system maintains a logical "1" or "Mark" on the 

transmission line until information is to be sento 

The first shift pulse from the clock will transmit a 
9 

logic zero, the initial state of the second bit of the 

2-bit register, which will initiate data reception at 

Unit 2. 

Operational amplifier H3 (SN72741) [I3] is con

figured as a differential line receiver which feeds a 

pulse discriminating network consisting of NAND gates 

G1-G4 and a monostable multivibraior, H4. IC's H5 and 

Fl delay reception of data until the middle of the first 

data bit. 

Input/Oî tput Clocl 

The tim.ing for the serial trar ;r ission of data is 

generated by a 5.I5625 MHZ crystal-controlled clock, 

Figure 11. The output of 5G3 is divided successively 

by three divide-by-l6 IC's. The third divider allows 

for a switchable output divided eitlier by 2, 4, 8, or 16 

which provides added flexibility/ in the possible future 

expansion of the system to include data set transmission. 

The output 5H3 then branches to the respective input pins 

of a final output divider (5H4) and an' input divider (5H5)-

The final input/output dividers are controlled to gate 
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the shift clock pulses to the appropriate input/output 

shift register and control circuits. The four available 

frequencies are 629.4 Hz, 314.7 Hz, 157-3 Hz, and 

78.7 Hz. Changing the crystal to 4.9152 M z will change 

the four frequencies to 6OO Hz, 3OO Hz, I50 Hz, and 

75 Hz which are the industry standards [14]. 

Input/Output Counters 

The input/output counters, Figure 12, control the 

serial transmission of data and reset appropriate l/O 

controls. The output counter is composed of integrated 

circuit HI which is a decade counter (SN7490N) and two 

D-type flip-flops, Fl and F2. After 38 consecutive 

pulses the counter is cleared to zero by Q^Gl^. and G7X. 

Only 37 actual shifts are needed to transmit the data; 

however, the additional pulse insures that the .final data 

bit is on the transmission line for its full time period. 

The input counter is identical to the output counter 

except the input control is set after 36 consecutive shift 

pulses since the 38th pulse is not needed for maintaining 

the proper "on" time for the last data bit and the first 

data bit is lost to the Start Signal Detector. The 221 

ohm î esistor and . OO3 microfarad capacitor provide a 400 

nanosecond delay to G9X2 which gates the parity error code 

into the input register sliould an error occur. The time 
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delay provides settling time for the parity checkers. The 

single-shot, G9-G11, has a pulse width of Â  microseconds 

and initiates the setting of the Flag on the positive-

going edge of GllX. 

Input Register 

The 32-bit input register. Figure I3, is composed 

of eight 4-bit shift registers (SN7495A) as in the output 

register. The lower-order 16 bits are in IC's 7H5-8 with 

the highc-.r-order 16 bits in 7H1~4. Data enters serially 

into 7H8 .it pin 1 and is shifted into the successively 

higher-ore 31 bits. The 32 output lines then go to the 

Hi/Lo Selert Circuit which gates in the appropriate 16 

bits to th( computer. If a parity error occurs, an error 

code (Olll.UOiXX. . .X) is .loadnd into the input register 

when the input mode control signal (N) rises to the "1" 

state. 

Parity Circuit 

The Parity Check Circuit, Figure 14, consists of 

four parity generator/checker IC's (SN74180N) and asso

ciated NAND gates. As in the output parity generator, 

the input parity checker associates every fourth bit v/ith 

the same generator/checker which in conjunction with the 

appropriate parity bit in the Input Parity Register (8H5) 
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and a NAND gate determines the presence or absence of 

a parity error. 

When no parity error occurs, the inputs to 8G5 all 

remain at logical "1" thus maintaining G6X at "1" regard

less of 609X2- However, for an error at least one of the 

inputs to G5 will be at level "0", thus making 8G5X go 

to level "1". When 6G9X rises from its normally "0" state 

to "1", 8G6X will drop to "0", and gate in the error code 

to the input register. The time delay provided by the 

resistor and capacitor is approximately 350 nanoseconds 

which allows the mode control to change states prior to 

the arrival of a pulse (P) to load the register. 

Hi/Lo Select Gates 

When Unit 1 sends a Flag to the computer, the com

puter is interrupted and a program is initiated to input 

two 16-bit words for processing. Integrated circuits 

H1-H8, Figure 15» are expandable dual 2-wide 2-input 

And-Or-Invert gates v/hose output lines are tied to the 

16 input lines of the computer. IC's H1-H8 determine 

whether the higher-order (Hi) 16 bits or the lower-order 

(Lo) 16 bits of the 32-bit input register are gated into 

the MIC. Control lines T. and Tp are initially at logic 

level "1", and the higher-order 16 bits are gated into 

the MIC. The program then returns to a Device Command 

signal to Unit 1 which sets T.. and Tp to "0" and T^ and 



32 

00i? dH <?/ t3»l-! vzi/c xndNj cr> 

•p 

•H 

t3 

-p 
•H 
;3 
O 

u 
•H 
O 
-P 
o 
0 

H 
0 

CO 

O 
1 ^ 

•H 

VA 

0 
U 

W) 
•H 

tlNZf ^IVQ V71T:^tif ^ndf^I 



33 

Tĵ . to "1". The lower-order l6-bits of the 32-bit Unit 1 

input register are then placed on the input lines to the 

HP2100. After the lower-order bits have been gated into 

the MIC, a second Device Command Signal is sent to Unit 1 

which presets T̂  , Tp, T̂ t and T^ to their original states. 

Unit 2 - Heating Plant Interface Section 

Figure 16 is the block diagram for the heating unit 

interface, Unit 2. Serial differential data bits are 

received at transmission line A, and reception is initiated 

by the start signal detector. The input/output control 

(l/OC) turns on the input clock and enables the shift 

mode of the input register. After 36 bits are shifted, 

the input counter resets itself and initiates further 

action by the l/OC. The input/output control now starts 

an internal timing sequence to cycle through the remain

ing functions of Unit 2. 

After data reception if the parity check circuit 

determines an error has been received, it disables the 

address decoder and initiates generation of an error 

code in the output regisber. If no error occurs, the 

5 bit function address is decoded and normal operation 

continues. 

Address lines 1 and 2 go to the pump control and 

valve control, respectively, while lines 3» »̂ 5. and 6 

go tlirough the analog-to-digital converter control for 
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measurement of differential pressure,.static pressure, 

flow rate, and temperature respectively. 'Address line 7 

controls the flov/ total counter. The analog-to-digital 

converter (A/DC) control passes the appropriate analog 

signal to the A/DC which subsequently converts it to a 

12 bit digital number going into the output select circuit. 

Since some of the data going to the output register 

must be overlapi^ed, the output select circuit determines 

the appropriate data to be passed. The output register is 

parallel loaded from the output select circuit with the 

modes (serial shift or parallel load) and the loading 

controlled by the l/OC. The parity is generated from the 

output select lines and loaded v/ith the output register. 

Next the l/OC enables the output clocl', and the 

outpat counter passes 38 clock pulses for jhifting out 

dj'.ta before it resets the buffer and start flip-flops 

and turns off the input/output control. This system 

operates in an "answer-back" mode v/hich means for every 

data word transmitted a data v/ord is expected back. 

Start Signal Detector, Line Driver/Receiver 

VJith only manor changes this section of the inter

face, Figure 17, functions identically as its counter

part in Unit 1. 
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Input/Out mt Clock Counters 

There are no differences in this section, Figi.ire 

18, and the clock circuit of Unit 1. 

Input/Output Counters 

Likewise, with only minor change:! the l/O counters 

in the tv/o units are identical. See Figure 19. 

Input Register 

The input register, Figure 20, is identical to the 

input register of Unit 1 except for the error code being 

loaded into the input register of Unit 1. 

Parity Check Circuit 

Fi{;ure 21 is the parity check circuit for Unit 2 

which is identical to that in Unit 1 except the parity 

error ijiformation is clocked into a D-type flip-flop 

whose Q output enables the error code generator and 

whose Q output disables the address line decoder. 

Input/Output Control 

The internal sequencing of Unit 2's input/output 

is controlled by a dual multivibrator oscillator. Figure 

22, IC's HI and H2, whose 2 KHz output is counted in a 

4-bit counter. The 4-bit number is decoded in a 4-line-to-

l6-line decoder to generate the necessary timing signals. 
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After the passing of timing signal W15, The single shot 

H6 clears the control flip-flop and resets the counter to 

await the next data transmission. 

Address Decoder 

The 5-bit address decoder. Figure 23, uses a tandem 

combination of two 4-line-to-16-line decoders, HI and H2, 

to determine the correct control function (i.e., valve 

control, pump control, temperature measurement, etc.). 

Flip-flop Fl is preset by timing signal W2 which enables 

the decoder provided no parity error has occurred. 

Valve/Pujnp Control 

The pump is controlled through a parallel connection 

with its manual switch panel, Figure 22. When DPST 

switch SWl is open, only the manual controls (START and 

STOP switches) are enabled. VJhen SWl is closed, the com

puter may turn the pump on and off through relay Y2. The 

relay is closed by address line number 1 and a logic 1 in 

input register bit 0. 

The water and steam pneum.atic valves are likewise 

controlled by relays which in turn energize solenoids. 

The water valve is addressed by line 2 and input bit 1. 

When the input bit is a logic 1, the valve will open; and 

when the bif is a logic 0, the valve will close. The 

steam valve is addressed by line 2 and input bit 0. 
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Analog-Signal Sv/itching Circuit 

The four analog signals (temperature, flow-rate, 

static pressure, differential pressure) to be converted 

to a digital format are switched to the analog-to-digital 

converter (A/DC) by the circuit shown in Figure 24. 

Address lines 3 through 6 preset flip-flops F1-F4 to 

sv/itch the analog signals for differential pressure, static 

pressure, flow rate, and temperature respectively. The 

relays are reed relays to provide a contact settling time 

of less than 5 milliseconds. 

The differential pressure transducer is a Bell and 

Howell model 4-454 which measures from 0-150 psi. The 

4-454 provides an output current from 4-20 ma over the 

range of the transducer into Rl6 which is a 600 ohm . 

load [15]« Operational amplifier Al provides a gain of 

one to the analog signal and an offset voltage to give a 

zero voltage output for a zero pressure differential. 

Amplifier A2 liliewise provides zero voltage output 

for zero static pressure. The static pressure transducer 

is a Bell and Howell model 4-403 which has a range of 

0-1000 psi. The output current from, the 4-403 also is 

4-20 ma [15]' However, the pressure of the system will 

never be allowed to exceed 150 psi. Consequently, the 

output from A2 will range from O-3.6 volts. 

The flov/ rate and flow total are provided by a 

CAMCO model TF-1 turbine metei' and associated electronics. 
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The one-inch turbine meter produces 700 pulses per each 

gallon flowing through the turbine [16]. The pulses are 

conditioned and totaled in the CAMCO Flow Meter Totalizer 

(FMT) v/hich has been integrated into the system. The FMT 

provides a flow rate signal of 0-5 volts DC into a 1 K 

ohm load to represent a range of 0-875 gallons/m.inute 

[16] [17]. 

Temperature measurement is to be provided by an 

electronic thermometer such as the Stow Laboratories 

model 911-PL v/hich produces a signal from -.6 volt DC 

to +2.0 volts DC in 10 mV/'̂ C steps to represent a temper

ature range from -60^C to 200*̂ 0 (-76°F to 392^F) . The 

associated PL-112 sensor has a time constant of 1 second. 

All four analog signals are buffered to the A/DC by 

amplifier A3 v/hich is connected as a voltage follower. 

Analog-to-Digital Converter 

The analog-to-digital converter (A/DC), Figure 25, 

is a Burr-Brov/n model (ADC30-12N-BTC) v/hich has a 12 bit 

accuracy. The ADC30 series utilizes the method of succes

sive approximation to performi the conversion. A transi

tion from high (logical "1") to low (logical "0") at the 

Start Conversion Input (pin 32) starts the conversion 

process. This model does not contain'an internal buffer 

amplifier. The input is bipo-lar over a range of ±10 volts. 
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and the generated output codes are offset binary or tv/o's 

complement. The magnitude of the least significant bit 

is 4.8828 mV [18]. 

Flow Total Counter 

As has previously been mentioned, the Flov/ Meter 

Totalizer (FMT) conditions and counts pulses from the 

turbine meter. The FMT electronics convert the turbine 

pulses into tenths of barrels (42 ga3-/barrel) and display 

the total in an electromechanical counter. However, 

there are no means for direct remote access of this total. 

An indirect means of totalizing is had by electronically 

counting. Figure 26, the number of pulses applied to the 

electromechanical counter. Relay contact closures are 

provided for this purpose. 

The contact closures of relay Yl are squared by the 

electronic bounceless switch circuit of G2 and G3 and are 

fed to a 14 bit counter. The counter is cleared by addres

sing line 7 and by a "1" in input register bit 0. The 

total is read by addressing line 7 and by placing a "0" 

in bit 0. 

Output Select Circuit 

The correct output data is routed to the output 

register and output parity generator by the wired-OR 

logic of the output select circuitry, Figure 27 and 28. 

TEXAS TECH LIBRARY 
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The wired-OR circuits are designed to handle up to 10 TTL 

loads to provide expandability. The address code is 

passed directly from the input register to the output 

register provided no parity error occurs, in which case 

the parity error code is generated. Only bits 0 through 

11 are overlapped on output. 

Output Parity Generator 

The output parity generator of Urii 2, Figure 29, 

is identical to that of Unit 1 except t.'ie parity is 

loaded into the shift register ly timing pulse W12. 

W12 is delayed by R^, C^, and Schritt-trigger Ĝ  to allow 

the shift/load mode to change prior to loading the parity 

data. 

r 

Output Registei 

As in Unit 1 the output register of Unit 2 is 

composed of 8 four-bit shift registers. Figure 30. The 

data is parallel loaded from the output select circuit by 

timing signal W.p. When timing signal \L^ occurs, the 

output clock is turned on and the data is shifted serially 

out by clock pulses K9-K12. 

Summary of Hardware Features 

In a total overview of the system hardware certain 

aspects of varying significance are apparent. The system 
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modularity of the schematic diagrams is carried further 

to the physical circuits to provide economical construc

tion and ease of maintenance. The modularity is important 

since the system v/ill not only be used for tutorial 

purposes in process control but will also be maintained 

by students to further provide practical "hands-on" 

experience. A second important feature is the expand

ability of the system. The present configuration uti

lizes 7 address codes of the available 31 codes (0-30; 

address code 31 is generally associated with an error 

code). The remaining 24 codes are immediately available 

in the present system. Note that the use of open col

lector NAND gates in the output select circuit of Unit 2 

allows for the expansion to 10 TTL loads per register 

bit before major additions miust be made. The concern 

for modularity and expansion is carried over into the 

system software which is covered in the follov/ing sections. 



CHAPTER IV 

OPERATIONAL SOFTV/ARE 

As v/ith the system hardware, the operational 

software is developed to be modular and to allow expansion 

of the system for other possible uses. The operating 

system used is Hewlett-Packard's Basic Control System 

(BCS) which allows the input/output,control capability 

and loading functions for relocatable programs produced 

by the HP Assembler and HP P'̂ ORTRAN. BCS handles the 

loading and linking of relocatable programs, the handling 

of input/output interrupts, the processing of input/output 

requests, and the loading of referenced library routines. 

Since the majority of engineering students at Texas 

Tech have a basic knowledge of FORTRAN programming, 

FORTRAN is used as the language in controlling the sys

tem. The method of transferring data to and from the 

heating unit is through the use of program subroutines 

and the FORTRAN CALL statement with appropriate arguments. 

The subroutines which are described in later sections 

were written in HP assembly language to provide an 

efficient method for bit manipulation and data transfer. 

51 

nm^. 



58 

The input/output control capability of BCS is 

handled through the use of a separate program called an 

input/output driver. Under BCS each different hardware 

device will have a different, normally unique, software 

l/O driver associated with it. However, like devices, 

such as several teletypewriters, connected to the com

puter will normally have only one l/O driver. One of the 

functions of the driver is to acquire the physical loca-

tion (l/O slot number) of the particular device being 

driven from a memory table called the Equipment Table 

(EQT) v/hich is determined at system configuration time. 

This allov/s the user the flexibility of changing his 

system.'s configuration to suit his particular needs [11]. 

Normally the first step in the procedure to load 

the operating software will be the creation of a reloca

table program of the student's FORTRAN control program 

using the HP FORTRAN compiler. Next the program will be 

loaded into the computer's memory via the BCS relocating 

loader v/ith the necessary referenced HP library routines 

and the subroutines used to access the various devices at 

the heating unit. The subroutines will have been pre

viously assembled into relocatable programs by use of the 

HP Assembler. Also loaded is the assembled input/output 

driver [ 10 ]. 
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FORTRAN CALL Subroutines 

As v/as mentioned earlier, the primary meauis of 

communicating with the heating control unit is via the 

FORTRAN CALL statement. In addition to the subroutines 

for controlling pumps, valves, and a flow totalizer and 

for obtaining static pressure, differentia], pressure, flow 

rate, and temperature, two additional subroutines were 

created to assist in controlling the process. A "TIMR" 

subroutine v/as written to allow time delays in the pro-

gr̂ .m while a "SWCH" program returns the status of the 

front panel switches on the comxputer. The following 

sections present the specifics of the individual 

subroutines. 

PUMP Subroutine 

The call to control the pump is m.ade through a 

subroutine call of the format: 

CALL PUr-IP (X,ER) 

The first argument is an integer which must equal 0 to 

turn off the pump and 1 to turn it on. The second argu

ment is an integer variable which contains the function 

address code returned by the heating unit. Normally this 

word will contain the numiber 1. However, if an error in 

transmission was detected at Unit 2, it will contain a 

31 or a 32 if the error occurred at Unix 1. The error 
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number v/ill be 33 if no response is received at Ul within 

approximately 1.5 seconds. If the software driver rejects 

the output attempt for any other reason, the error code 

will be 34. These error codes will be the same for all 

subroutines. The final argument for all subroutines 

accessing the heating unit will be the function address 

code or error number which is returned by the interface. 

Figure 31 is the program flowchart for the PUr/IP 

subroutine while Appendix A.l presents the actual code. 

Upon entry to the subroutine the program, immediately 

accesses another subroutine labelled .ENTR which is an 

HP program library routine. This library routine trans

fers the addresses of the arguments in the calling Fortran 

statement to a buffer in the PULIP routine and is the first 

operation per.L'ormed by all of the subroutines used by the 

student to control the process. Next the program trans

fers the on/off code from the calling program to a buffer 

word in the PUMP program and the function address code 

for the pump to a second buffer word. 

The next operation is the output of the two buffer 

words via a subroutine called DRV, Figure 32 and Appendix 

A.2. DRV immediately accesses the BCS input/output control 

subroutine, .IOC, through which access to the interface 

software drivers is controlled. Upon return from this 

subroutine three buffer v/ords will have been loaded. 
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Figure 31. PUMP Subroutine 
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The first two words, DRVRl and DRVR2, are the double 

length (32-bit) code which was received by the inter.face 

from Unit 2. The third word, ERWD, contains the function 

address code or error code which was returned by the soft

ware driver. Prior to,returning, the DRV program loads 

the "A" register with the function address code. 

The final operations of the PUMP program are the 

transfer of the function address code to the location 

specified by the argument address of the CALL statement 

and the normal return to the main program. 

VALVE Subroutine 

The control of the water and steam valves is han

dled through the subroutine call: 

CALL VALVE (I,J,ER) 

The first argument, I, is an integer whose value must 

equal 0 for the steam valve and 1 for the water valve. 

For future expansion the system will handle a maximum of 

24 valves with the current software handling a maximum of 

16. The second argument is an integer whose value must 

be 0 to open the valve and 1 to close it. The final argu

ment is the function address code which will normally be 2. 

The VALVE program starts by obtaining the argument 

addresses via the .ENTR program. See Figure 33 for the 

program flowchart and Appendix A.3 for the coding. Next 

the program gets the open/closed value and the correct 
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valve nujnber and positions the open/closed bit in the 

correct valve bit location where it is merged with the 

present valve status word. Since the valve controls at 

Unit 2 are set each time the valve address (2) is received, 

the current status of both valves must be shipped each 

time. Next the output buffer words (two) are properly 

loaded, and the program outputs the two words via the 

DRV subroutine. After returning from the DRV program the 

received function address code is stored, and the VALVE 

subroutine returns to the main program. 

DPRES Subroutine 

The subroutine to obtain a differential pressure 

reading is of the form? 

CALL DPRES (X,ER) 

where X is a real variable which equals the differentia.1 

pressure in pounds per square inch and ER is an integer 

containing the function address code (normally 3)• 

The subroutine flov/chart is shown in Figure 34 with 

the coding presented in Appendix A.4. After obtaining the 

argument addresses the function code is stored in the dri

ver buffer. A word containing all zeroes is stored in 

the second buffer word. The program tlien outputs the two 

buffer words to the interface via the DRV subroutine. 

Upon receiving data from the interface the function 

address code is stored and the 12-bit value obtainel from 
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the analog-to-digital converter is converted to its 

actual voltage value by the subroutine labeled CONV. 

The CONV subroutine (Figure 35 and Appendix A.5) 

obtains the lower 12 bits of data from the second buffer 

word in register A. It then converts the number to 

floating point through use of the HP library subroutine 

FLOAT. The floating point number is next multiplied by 

the value of the least significant bit of the A/D con

verter (4.8828 millivolts). Since the A/D converter is 

bipolar (positive or negative voltages) and uses offset 

binary notation, ten must be subtracted from, the previous 

value to get the correct A/D voltage. The A/D input 

voltage range is -10 volts to +10 volts. 

After returning from the CONV subroutine the value 

is next multiplied by a conversion factor v/hich relates 

the voltage to the physical parameter being measured. 

For differential pressure the factor is 15-625; i.e. a 

change of one volt represents a physical change of 

15.625 psi. The converted value is then stored in the 

calling program's arguments, and the subroutine returns 

to the main program. 

The above procedure is basically the same for 

static pressure, temperature, and flow rate measurements 

as well. The only difference is the conversion factor by 

which the voltage is multiplied. 
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SPRES Subroutine 

The format for the command to measure static 

pressure is similar to the DPRES command: 

CALL SPRES (X,ER) 

v/here X is a real variable representing pressure in pounds 

per square inch and ER is an integer representing the 

function address code (normally 4). As mentioned pre

viously the flowchart and program are basically the same 

as the DPRES subroutine except the conversion factor is 

41.6667 (1 volt equals 41.6667 psi). The coding for the 

program is presented in Appendix A.5. 

FLRAT Subroutine 

The instruction to measure flov/ rate is as folD.ows: 

CALL FLRAT (X,ER) 

where X is a real variable representing the flow rate in 

gallons per m.inute and ER is the function address code 

(normally 5)- The voltage conversion factor is 175 

gallons per minute for every change of one volt. The 

program is shov/n in Appendix A.7' 

TEMP Subroutine 

The format for the instruction to take temperature 

measurements is as follows: 

CALL TElVrP (X,ER) 

where X is a real variable representing the temperature 

Iki^. 
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in degrees Celsius and ER is the function address code 

which is normally 6. The voltage conversion factor is 

100.0 and the program is listed in Appendix A.8. 

FLTOT Subroutine 

The instruction to read and clear the flow total

izer is of the form: 

CALL FLTOT (X,Y,ER) 

where X is an integer whose value must be 0 to read the 

totalizer or a 1 to clear it to zero. "Y" is a real 

variable whose value will be the flow total in gallons 

to the nearest tenth while ER is the returned function 

address code (normally 7)• 

After obtaining the argument addresses (Figure 

36 and Appendix A.9) the program transfers the read/clear 

command and the function address code to the driver 

buffer word's and outputs the tv/o words to the interface 

via the DRV subroutine. Upon returning from the DRV pro

gram the function code is stored and the flow total is 

loaded into Register A after which it is converted to 

floating point notation by the FLOAT subroutine. This 

number actually represents the number of tenths of barrels 

(42 gallons/barrel) measured. To convert to gallons the 

number must be multiplied by 4.2. Next it is stored in 

the calling routine's argument and the subroutine returns 

to the main program. 
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TIMR Subroutine . 

The TIIVER subroutine is one of only two programs 

presented v/hich do not output to the heating unit. This 

program is designed to provide delays in execution of the 

process control program to allow matching of program times 

to physical processes. The instruction is of the form: 

r:ALL TIMR (X,Y) 

where X is a real variable representing time in seconds 

with an increment size of one-tenth (e.g. 20.2, 410.5. or 

60.0) aid Y ij; a positi\ e integer in the range of 0 to 15 

which r ip-̂ esents a switcli of the switch register on the 

compute.'s front panel. If the switch specified by "Y" 

is set to "1", the timing delay will not occur. This 

will fac.'litate the checkout of the student's program by 

eliminr t.'-ig lengthy ĉ elays. 

After obtaining the arĝ iment addresses (Figure 37 

and Appendix A.10) the floating point value of the wait 

time is loaded into registers A and B. The number is 

next multiplied by 10.0 and converted to an integer by 

the HP library routine IFIX. This gives the v/hole num

ber of .1 second delays required. This procedure also 

means the maxim.um number of seconds in a delay is 3276.7 

or approximately 54.6 minutes which should be ample for 

this process. 

If the'number is positive, it is converted to a 

negative number. If it is zero, the routine terminates 
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and returns to the main program. If it is not zero, the 

number is stored. Next the switch number is obtained from̂  

the calling routine and the switch panel is checked for 

the specified switch being set. If it is set, the sub

routine returns to the main program; otherwise, the pro

gram loops through a wait routine (Figure 38) for approx

imately 100 milliseconds. The wait time is then incre

mented by 1 and checked for zero. If it is zero, the 

subroutine finishes and returns to the m.ain prograjn. 

If it is not zero, the program checks the sv/itches 

again to see if the specified switch has been set in the 

interim and loops through the wait routine again. 

SWCH Subroutine 

The SWCH subroutine is the second progiaii. v/liich 

does not output to the heating unit. It functions siiTply 

to return an integer value represented by the setting of 

the switch register on the front panel. The call is of 

the form: 

CALL SWCH (X) 

where X will be an integer returned by the subroutine 

and, unlike the IHIHR routine, can range from -32767 to 

+ 32767. This function can be used to allow marua'. inter

vention by means other than keyboard entry in ord n-- to 

skip portions of a program, output messages, or o'.her 
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operatioris. The flowchart for the straightforward 

operations of this routine is shown in Figure 39. 

Appendix A.11 lists the program coding with the storage 

and constants required for all the previous subroutines. 

Input/Output Driver 

As mentioned in the introductory remarks of this 

cheipter the HP Basic Control System uses modular software 

packages called input/output drivers to provide the direct 

softv/are link to the hardware devices. This section pre

sents such an l/O driver, labelled I).70, for the heating 

system interface and is miodeled after a sample l/O driver 

presented in A Pocket Guide to Interfacing HP Computers. 

The driver flowchart i.s shown in Figures 40 through 42, 

and the program listing is presented in Appendix B. 

Upon entry to the driver via the .ICC. subroutine . 

the program first saves the contents of the A and B 

registers. Register A contains the address of tne correct 

equipment table entry, and Register B contains the address 

of the buffer in the user's calling routine. The EQT 

entry is a four word table of which the first word con

tains the physical channel number (select code) for the 

micrccircuit interface card. From this word the select 

code is obtained, and all of the input/output commands 

are constructed. This driver does not use the interrupt 
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system to detect returned data since .the return cycle is 

such a short time and the data generally needs to be 

received before processing can continue. 

After disabling the interrupt system the address of 

the buffer in the calling routine (i.e. DRVRl in the DRV 

subroutine) is stored for future reference, and the two 

output words are obtained and sent to the interface. The 

interface has a software timer feature v/hich times out 

after approximately 1.5 seconds by which time a response 

from Unit 2 should have been received. Approximately 

every 100 microseconds the routine checks if the flag has 

been set by the interface. If it has not been set, a 

timer count is incremented from its original negative 

value until a flag is set or the count is zero. If the 

routine tines out, the A and B registers are cleared to 

zero and then stored in the first tv/o words of the call

ing routine's buffer. Also the integer number 33 is 

stored in the third buffer word to indicate a time out 

error. 

However, if the flag is set within 1.5 seconds, two 

words are received from the interface card and stored in 

the calling routine's buffer. Next the address and error 

bits are masked off and shifted to the lower 8 bits of 

the word. If an error was received at Unit 1, the func

tion (error) code is set equal to 32 and stored in word 

three of the buffer. Otherv/ise the code is shifted riglit 
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two bits to place the function code in the lower five 

bits of the v/ord. The code for a transmission error at 

Unit 2 v/ill autom.atically be set to 3I by the hardv/are. 

Immediately prior to exiting the driver, the interrupt 

system is enabled. 

Although less visible to the user than the CALL 

statements the l/O driver is an integral part of the 

total softv/are package. Its description comjjletes what 

one may consider system softv/are and leads to the appli

cation program v/hich controls the physical process» 

Sample Program 

Using the various control statements presented 

earlier in the chapter, this section presents an example 

of the v/ays the suudent may combine the vsrious state

ments to control and monitor the system. The sample pro

gram, entitled SAMPLE, is a straightforward program to 

simply load the heat tank with water, heat it to a spe

cific temperature, dump an amount of water, and repeat 

the cycle until manual intervention via the switch panel 

stops the process. 

The first step in the program is to initialize some 

control arguments and variables as shov/n by the flowchart 

in Figures 43-49- The program code is listed in Appendix 

C. The program next closes both valves, steam and water, 

and clears the flow total counter. The closing of the 
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valves should not be necessary but is performed as a 

precaution. The differential pressure is then checked 

for a low reading to indicate a low fluid level. If the 

fluid level is too high, the pump is turned on to dump 

the tank. The level is checked every 20 seconds until 

the level is correct or for a maximum time of 5 minutes. 

The 5 minute interval is the maximum time by which the 

tank should be cleared. If this maximum time has been 

reached, there may be a malfunction in the system and the 

program then proceeds to a shutdov/n routine. If an error 

occurs in transmission, the program goes to statement 900 

which leads to an error message and the shutdowm routine. 

If the pressure is less than or equal to the desired value, 

the program jumps to statement 30. 

Statement 30 is the CALL to turn off the pump. If 

no transmission error occurs, the program waits 10 seconds 

and opens the water valve. After a five second wait to 

allov/ the valve to open and v/ater to flow, a flow rate 

reading is taken to use in the calculation of a time 

interval to wait between readings. The variable for the 

final number of gallons in the tank is then set and the 

program enters a DO loop to check the actual number of 

gallons measured by the flow totalizer. One should be 

aware that the totalizer physically measures in tenths of 

barrels (42 gallons/barrel). Therefore, the closest one 

can come to a desired total is the difference in the 
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desired level and the closest multiple of 4.2. Although 

the DO loop procedure could be replaced by a continuous 

loop to read the flow total, it is recommended that some 

means of timing out the procedure be employed to handle 

possible system malfunctions or as an alternate a means 

of manual interruption via the sv/itch panel. 

Once the desired flow total range is reached the 

program then closes the v/ater valve and opens the steam 

valve to heat the water. The program then loops to take 

a temperature reading. If the temperature has reached 

65'6 degrees Celsius, the program goes to statement 70. 

Otherv/ise, the sv/itch register is checked for switches 

0, 1, and 2 being set. If they are set, the program goes 

to statement 70 irrespective of the tem.perature. 

Statement 7^ closes the steam valve and is followed 

by the command to turn on the pump. The differential 

pressure is next checked for a specified value (15 psi). 

If the desired level has not been reached, the switch 

register is compared to the number 5. If it matches, the 

program goes to the shutdown procedure. Otherwise, the 

program loops to read DP again. 

If the desired pressure has been reached, the 

program continues to statement 80 where the pump is 

turned offc If the switch register equals 6, the program 

is terminated; otherwise, it clears the flow total to 

repeat the cycle. 
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The shutdov/n procedure, Figure 49, prints out a 

shutdovm message, closes the valves, and turns the pump 

off prior to terminating the prograra. 

This example control program provides a vehicle by 

which to acquaint the student with various factors of 

computer process control. The student needs to be aware 

of the physical factors involved in process control such 

as time delays in equipment operation and possible equip

ment malfunctions. These factors are important consid

erations Yihen the student is called upon to design his 

ovm control system. 

Summary of Software Features 

With the completion of the application program of 

the previous section all of the necessary softv/are to 

control the process has been presented. Basically the 

system uses FORTRAN as the high-level language to control 

the hardv/are. Specifically, assembly language subroutines 

executed by FORTRAN CALL statements provide the direct 

link to the hardware interface via a BCS driver called 

D.70. The software provides control statements for a 

pump, valves, and a flow totalizer and for monitoring 

temperature, differential pressure, static pressure, flow 

rate, and flow total. Additionally the software provides 

for time delays and a means of checking for operator 

intervention. 



CHAPTER V 

CONCLUDING RERIARKS 

The purpose of this thesis was to present a com

puter-automated system for use in providing engineering 

students with valuable "hands-on" experience. Modularity 

was stressed in both the hardware and scftware not only 

for the reason of providing logical subdivisions for 

understanding their operations but also for ease of main

tenance. While the system presently monitors a specific 

process, it can be easily adapted or expanded to handle 

other processes since it contains the means for monitoring 

analog signals, digital signals, on/off or go/no-go status, 

and for controlling various devices through either direct 

logic lines or relays. With the addition of a iaodule con

taining a digital-to-analog converter the system can cover 

an even broader num̂ ber of devices. 

Wliile the system provides an example of hardware 

and software design, it is meant to be more than a static 

model. It is meant to be used as a testbed for students 
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to experiment with their own ideas. For it is through 

this experimentation that their knowledge can be broad

ened, their insight honed, and their creativity chal

lenged. 
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APPENDIX A.l: PUMP SUBROUTINE CODE 

PARG 

PUMP 

* 

BSS 2 STORAGE FOR TWO ARGUMENT ADDR 

GET ARGUMENT ADDRS 

GET ARG 1 
STORE ON/OFF CODE 

NOP 
JSB .ENTR 
DEF PARG 
LDA PARG,I 
STA DRVR2 
LDA PMP 
STA DRVRl STORE PUMP ADDRESS CODE 

GO TO DRIVER CALL ROUTINE 
JSB DRV 
STA PARG+l.I STORE THE ERROR IN THE ERWD TO RETURN 
JMP PUMP,I RETURN 



% 

% 

* 

APPENDIX A.2: DRV SUBROUTINE CODE 

CALL TO .IOC. FOR OUTPUT TO DRIVER 

99 

DRV NOP 
JSB .IOC. 
OCT 01107 READ,BINARY MODE,EQT # 07 
JMP REJ REJECTED ADDRESS 
DEF DRVRl BUFFER ADDRESS 
DEC 3 # OF BUFFER WORDS 

^ .100. NORMAL RETURN 
LDA ERWD GET ERROR WORD 
JMP DRV,I RETURN TO CALL INITIATING OUTPUT 

A = FUNCTION ADDR CODE IN 
LOWER 6 BITS 

REJ LDA =D34 MAKE ERROR = 34 
JMP DRV,I 
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APPENDIX A.3: VALVE SUBROUTINE CODE 

VARG 

VALVE 

SKIP 

* 

VALVE ROUTINE 

BSS 3 

NOP 
JSB .ENTR 
DEF VARG 
LDA VARG+1.1 
AND Dl 
LDB VARG,I 
SZB 
JMP ROTAT 
lOR VLVWD 
STA VLVWD 
STA DRVR2 
LDA VALV 
STA DRVRl 

GO TO DRIVER 
JSB DRV 
STA VARG+2 
Ĵ rP VALVE, I 

GET ARGUMENTS 

GET ARGUIVIENT 2 
MASK ON/OFF BIT 
GET THE VALVE # 

GO ROTATE 
IVIERGE WITH PRESENT VALVE STAUS 
STORE NEW VALVE STATUS 
STORE IN DRVR2 WORD 
GET VALVE ADDRESS WORD 
STORE IT IN DRIVER DATA BUFFER 

STORE ERROR WORD 
RETURN 

ROTATE ON/OFF BIT 

ROTAT ALS 
ADB Ml 
JMP SKIP 

SHIFT LEFT ONE 
DECREMENT B 
GO TRY AGAIN 

BIT 
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APPENDIX A.4: DPRES SUBROUTINE CODE 

* 

* DPRES SUBROUT: 

DPARG 

DPRES 

* GO 

BSS 2 

NOP 
JSB .ENTR 
DEF DPARG 
LDA DPRS 
STA DRVRl 
CLA 
STA DRVR2 
CALL DRIVl̂ lR 
JSB DRV 
STA DPARG+1 
JSB CONV 
FMP DPr/[F 
DST DPARG,I 
JMP DPRES,I 

GET ARGUMENT.ADDRS 

GET DPRES CODE 
STORE IT 
IVIAKE A - 0 
STORE 0 IN 2ND DRIVER WORD 

STORE THE ERROR WORD 
GET FLT PT A/D VOLTAGE VALUE 
Tir/IES DP MULTIPLIER 
STORE DP PSI VALUE 
RETURN 

* 
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APPENDIX A.5: CONV SUBROUTINE CODE 

* 

* CONV SUBR- CONVERTS A/D VALUE TO APPROPRIATE 
* VOLTAGE LEVEL TO BE MULTIPLIED BY VARIOUS FACTORS 
CONV NOP 
•M-

•M-
LDA DRVR2 

AND MSK12 
JSB FLOAT 
FMP LSB 
FSB FIO 

THE RETURNED A/D VALUE IS 
IN DRVR2 
MASK LAST 12-BITS 
CONVERT TO FLT POINT 
TIMES A/D LSB VALUE 
SUBTRACT 10 

JMP CONV,I RETURN 
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APPENDIX A.6: SPRES SUBROUTINE CODE 

^ 

^ 

* 
STATIC PRESSURE SUBROUTINE 

SPARC BSS 2 

SPRES NOP 
JSB .ENTR 
DEF SPARG 
LDA SPRS 
STA DRVRl 
CLA 
STA DRVR2 

-- CALL DRIVER ROUTINE 
JSB DRV 

GET THE ARGUMENTS 

GET SPRl-:S CODE 
STORE IT 
SET A = 0 
STORE IT 

STA SPARG+1,1 STORE ERROR WORD 
JSB CONV GET FLT PT A/D VOLTAGE VALUE 
FMP SPMF Tir/DES MULTIPLICATION FACTOR 
DST SPARG,I STORE SP PSI VALUE 
JMP SPRES,I RETURN 



104 

APPENDIX A.7: FLRAT SUBROUTINE CODE 

FLOWRATE SUBROUTINE 

FLARG BSS 2 

FLRAT NOP 
JSB .ENTR 
DEF FLARG 
LDA FLR 
STA DRVRl 
CLA 
STA DRVR2 

* CALL DRIVER ROUTINE 
JSB DRV 
STA FLARG+1 
JSB CONV 
FMP FRMF 
DST FLARG,I 
JMP FLRAT,I 

GET ARGU]\1ENT ADDRESSES 

GET ADDRESS CODE 
STORE IT 

I STORE ERROR WORD 
GET FLT PT A/D VOLTAGE VALUE 
TIMES CONVERSION FACTOR 
STORE FLOW RATE (GPM) VALUE 
RETURN 

•%(• 
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APPENDIX A.8: TEMP SUBROUTINE CODE 

TARG 

TEMP 

TE]\1PERATURE SUBROUTINE 

BSS 2 

* 

* 

NOP 
JSB .ENTR 
DEF TARG 
LDA TMP 
STA DRVRl 
CLA 
STA DRVR2 

CALL DRIVER 
JSB DRV 

STA TARG+1 
JSB com 
FMP T]\1F 
DST TARG,I 
JMP TEMP,I 

GET ARGUMENT ADDRESSES 

GET TEMP CODE 
PUT IN DRIVER GALL ARGS 

SUBROUTINE 

I STORE ERROR WORD 
GET FLT PT A/D VOLTAGE VALUE 
TIMES CONVERSION FACTOR 
STORE TEMP (DEGRESS C) 
RETURN 
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APPENDIX A.9: FLTOT SUBROUTINE CODE 

•if-

* FLOW TOTAL SUBROUTINE 

FTARG BSS 3 

FLTOT NOP 
JSB .ENTR GET ARGUMENT ADDRESSES 
DEF FTARG 
LDA FTARG,I GET RD/CLEAR ARGUMENT 
AND Dl . MASK READ/CLEAR BIT 
STA DRVR2 STORE RESULT 
LDA FTOT GET FUNCTION ADDRESS CODE 
STA DRVRl 

* CALL DRIVER SUBROUTINE 
JSB DRV 
STA FTARG+2,1 STORE ERROR WORD 
LDA DRVR2 GET RETUl̂ NED # 
AND MSK13 TMSK LAST 13 BITS 
JSB FLOAT CONVERT TO FLT POINT 
FMP F42 TIMES 4.2 GALS /.I BARRE.î  
DST FTARG+1,1 STORE FLOW TOTAL (TENTHS OF 

'^ BARRELS) 
JIviP FLTOT, I RETURN 



APPENDIX A.10: TBIR SUBROUTINE CODE 
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•M-
•» 

•JJ-

TIM 
* 

Tim. 

^A 

* 

LODB 

ADl 
_ 

SHFT 

CHK 

* 

TIMER SUBROUT: 

BSS 2 

NOP 
JSB .ENTR 
DEF TIM 
DLD TIM,I 
FMP FIO,I 

JSB IFIX 
SSA 
JMP -̂  + 2 
CMA,INA 
SZA 
JMP * +2 
JMP TIMR,I 

STA TCNT 
LDB TIM +1,1 
AND MSKl? 
CMB,INB 
STB SWBUF 
LDB SWBUF 
LIA 1 
INB,SZB 
JMP SHFT 
JMP CHK 
ARS 
JMP ADl 
SLA 
JMP Tim, I 

LDB CNTl 
INB 
SZB 
JMP * - 2 
ISZ TCNT 
JMP LODB 
JMP TIMR,I 

GET ARGUU'lENT ADDRESSES 

GET FLOATING POINT # 
TIMES 10 TO GET WHOLE # 
OF 100 MSEC TICKS 
CONTERT TO INTEGER 
SKIP NXT IF 'A' POSITIVE 
DON'T COMPLEBffiNT IF A -
2'S COMPL OF # ̂  
SKIP IF # IS 0 
# NOT 0, DON'T RETURN YET 
RETURN IF 0 

STORE IT 
GET SWITCH # 
MASK LAST 4 BITS 
MAKE IT NEG. 
STORE IT 

READ SWCH RP:G INTO 'A' 
ADD 1 TO B, SKIP NXT IF 0 

GO CHECK BIT 
SHIFT 'A' RT 1 BIT 

SKIP IF LSB IS 0 
SWITCH SET - RETURN 

GET COUNT IN B 
(B) + 1 TO B 
SKIP NEXT IF (B) IS 0 
(B) NOT = 0, BACK UP TRY AGAIN 
SKIP IF FINISHED 
OTHERWISE GO CHECK SWITCHES 
FINISHED - RETURN 
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APPENDIX A.11: SWCH SUBROUTINE CODE 

* SWCH SUBROUTINE -
-̂ ARGU]\(ENT RETURNED I S .THE STATE OF THE 
* FRONT PANEL SWITCHES 

SVJARG BSSl 

SWCH NOP 
JSB ENTR 
DEF SWARG 
LIA l.C 
STA SWARG,I 
JMP SWCH,I 

GET ARGUMENT? ADDRESS 

GET SWITCH REGISTER 
STORE SWITCH CONTENTS 
RETURN 

CONSTANTS AND STORAGE SECTION 

BRYRl BSS 1 
DRVR2 BSS 1 
ERWD OCT 0 

P]\'[P OCT 2000 
VALV OCT 4000 
DPRS OCT 6000 
SPRS OCT 10000 
FLR OCT 12000 
TMP OCT 14000 
FTOT OCT 16000 
ERCOD OCT 76000 

1ST WORD TO DRIVER 
2ND WORD TO DRIVER 
ERROR WORD FROM DRIVER 

ADDRESS CODES FOR DIFFERENT 
DEVICES 

TCNT OCT 0 
MSKAD OCT 76000 
DIO DEC 10 
Dl DEC 1 
VLVWD OCT 0 
Ml DEC -1 
FIO DEC 10. 
F 4 2 DEC 4.2 
MSKl2 OCT 007777 
LSB DEC 4.8828E-3 
DPMF DEC 15.625 
SPMF DEC 41.6667 
FRMF DEC 175.0 



TMF DEC 100.0 ^^^ 
FIO DEC 10.0 
MSKl7 OCT 17 
CNTl DEC -19663 

A EQU 0 
B EQU 1 
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APPENDIX B: D.70 l/O DRIVER 

-it 

•J5-

* 

NAM D.7O 

ENT D.70,I.70 

THIS DRIVER TRANSFERS TWO 16 BIT WORDS TO THE 
PROCESS CONTROL INTERFACE AND RECEIVES TWO 
16 BIT WORDS FROM THE INTERFACE. THE SYSTEM 
OPERATES IN AN ANSWER-BACK MODE. ADDITIONALLY 
THE DRIVER MASKS OFF THE FUNCTION ADDRESS 
CODE (BITS 26-30) AND RETURNS IT IN THE LOVER 
SIX BITS OF THE THIRD BUFFER VJORD OF THE 
CALLING ROUTINE. 

IF AN ERROR OCCURS,THE FOLLOWING DECIMAL 
NUMBERS ARE RETURNED IN THE FUNCTION CODE: 

TRANSMISSION ERROR AT U2 
TRANSMISSION ERROR AT Ul 
TBE OUT ERROR 

31 
32 
33 

START OF ROUTINE 
•5r 

a-
D.70 NOP 

STA SAVA 
STB SAVB 

SAVE EQT ENTRY ADDRESS 
SAVE REQUEST (WORD 2) ADDRESS 

* 

^ SET UP 
LDA 
AND 
I OR 
STA 
XOR 
STA 
XOR 
STA 
XOR 
STA 
STA 
STA 
STA 
XOR 
STA 

ALL I/O INSTRUCTIONS 
GET WORD 1 EQT ENTRY 
ISOLATE DEVICE SELECT CODE 
AND COMBINE WITH SFS INSTR. 

SAVA, 
M77 
SFSI 
I.l 
LIAM 
1.2 
LIBM 
1.5 
CLCM 
X.3 
X.6 
1.4 
1.7 
STCM 
X.2 

CONSTRUCT AND 
SET LIA 
CONSTRUCT AND 
SET LIB 
CONSTRUCT AÎID 
SET CLC 

CONSTRUCT AND 
SET STC 



STA X.5 
STA 1.3 
STA 1.6 
XOR OTAM CONSTRUCT AND 
STA X.l SET OTA 
STA X.4 
XOR CLFM CONSTRUCT AND 
STA 1.71 SET CLE 

'^ DISABLE INTERRUPT SYSTEM TEMPORARILY 
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CLE 0 
* 

* GET THE USERS BUFFER ADDRESS 
^ 

ISZ SAVB INDEX ADDRESS TO WORD 4 
ISZ SAVB OF USERS REQUEST 
LDA SAVB GET WORD 4 
LDA A,I OF REQUEST 
RAL,CLE,SLA,ERA (IF INDIRECT, 
JMP -̂ -2 GET EFFECTIVE ADDRESS) 
STA BUFA AND SAVE 

* GET 2 WORDS FROM CALLING ROUTItES BUF.FER 
•^ AND OUTPUT TO INTERFACE BOARD 

DLD BUFA,I GET 2 WORDS IN A AND B 
X.l OTA 0,C OUTPUT HIGHER ORDER I6 BITS 
X.2 STC 0,0 SET THE CONTROL BIT 
X.3 CLC 0,0 CLR CONTROL BIT 

LDA B GET 2ND WORD IN A 
X.4 OTA O.C OUTPUT LOWER ORDER I6 BITS 
X.5 STC 0,C SET CONTROL BIT 
X.6 CLC 0,C CLR CONTROL 

'^ CHECK FLAG FOR INPUT DATA AVAILABLE 
LDA WONT GET WAIT COUNT 

I.l SFS 0 SKIP IF FLAG SET 
JMP WAIT OTHERWISE,GO WAIT SO 

* FLAG IS SET. GET TWO 16-BIT WORDS 
* FROM INTERFA n cp \.^>i:i 



1.2 LIA 0,C 
1.3 
1.4 
1.5 
1.6 
1.7 

• « • 

STC 0,C 
CLC 0,0 
LIB O.C 
STC 0,C 
CLC O.C 
DST BUFA,I 

* MASK . OFF BITS 
* 

PT2 

j,^ 

PTl 

AND MSK7 
ALE,ALF 
SLA 
JMP PTl 
RAR,RAR 
ISZ BUFA 
ISZ BUFA 
STA BUFA,I 
STF 0 
jm> D.70,1 

LDA -D32 
JMP PT2 

GET HIGHER WORD 
SET CONTROL 
CLR CONTROL 
GET • LOVER VJORD 
SET CONTROL 
CLR CONTROL 
STORE THE 2 WORDS 

24-30 

ROTATE TO LOIAER 8 BITS 
CHK IF LSB = 0 
NO, GO GEN. ERROR COMMAND 
YES, SHFT RT 2 BITS 

POINT TO ADDR. OF 3RD BUF WD 
STORE ADDRESS CODE 
ENABIE INTERRUPTS 
RETURN 

LOAD ERROR 32 FOR ERROR RECD 
AT UNIT 1 INTERFACE 
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•}f 

'^ ROUTINE TO WAIT FOR FLAG - TIIVES OUT AFTER 
* APPROX. 1.5 SECS TO GENERATE ERROR CODE 
* (CHECKS FOR FLAG EVERY 100 USEC) 
WAIT INA, SZA INCREMENT REG. A AND SKIP TO 

JMP •5̂-1-2 HERE IF CONTENTS NOT= 0 OR 
JMP ERCOD HERE IF CONTENTS - 0 

LDB 
INB 
SZB 
JMP 
JMP 

/v 

-̂  DUMMY 
/v 

1.70 NOP 
1.71 CLE 

JMP 

ERCOD CLA 
CLB 
DST 
LDA 
JMP 

•jfr 

CNT 

-"--2 
I.l 

RETURN 

0 
1.70,1 

BUFA,I 
=D33 
PT2 

GET COUNT IN B 
(B) + 1 TO B 
SKIP NEXT IF (B) = 0 
(B)/= 0, BACK UP, TRY AGAIN 
(B) = 0, GO CHECK FLAG 

FOR INTERRUPT ROUTINE 

CLEAR A 
CLEAR B 
STORE A,B IN CALLING BUFFER 
LOAD Tirffi; OUT ERROR CODE 



* CONSTANTS AND 
-5f 

WCNT 
CNT 
SAVA 
SAVB 
M77 
BUFA 
LIAM 
CLCM 
STCM 
SFSI 
LIBM 
OTAM 

A 
B 

CLFM 

DEC 
DEC 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
SFS 
OCT 
OCT 

EQU 
EQU 

OCT 

-15000 
-15 
0 
0 
77 
0 
1600 
200 
4000 
0 
4000 
0100 

0 
•1 
J . 

700 

113 
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APPENDIX C: SAMPLE PROGRAM.'! LISTING 

PROGRAM SAMiPLE 
C 
C SAMPLE PR0GRAI\1 TO DEMONSTRATE THE USE 
C OF FORTRAN CALL STATEMENTS FOR APPLICA-
C TION TO PROCESS CONTROL 
C 

c 
c 
c 

INTEGER CLR , RD, WATER , STEAT/l, OPEN, CLOSD 
INTEGER ON,OFF,SW,ER 

ON- 1 
. OFF= 0 

STEAM= 1 
WATER= 0 
CLOSD= 1 
OPEN- 0 
CLR= 1 
RD= 0 

C 
C 

c 
C CLS/:R THE WATER TANK 

CALL VALVE (STEAM,CLOSD,ER) 
CALL VALVK (WATER,CLOSD,ER) 
CALL FLTOT (CLR,FLT,ER) 

C 
C CHECK FOR 0 DIFF. PRESSURE AND NO WATER IN TANK 
10 DO 20 1= 1,15 

CALL DPRES (DP,ER) 
C CHECK TRANSMISSION ERROR 

IF (ER.GT.30) GO TO 900 
C CHECK DP LEVEL 

IF (DP.LE.2.0) GO TO 30 
CALL PUMP (ON,ER) 

C WAIT 20 SECONDS ,DON'T TlivE IF SVJCH 15 SET 
CALL TIMR ( 2 0 . 0 , 1 5 ) 

20 CONTINUE 
C 

V\[RITE ( 6 , 2 5 ) 
25 FORMAT (2X,19H^^TI^E OUT- TANK DUMP/) 
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c 
C TANK I S CLEARED OF WATER 
C 

30 CALL PUMP (OFF,ER) 
I F (ER.GT.30) GO TO 900 
CALL TIIvlR ( 1 0 . 0 , 1 5 ) 

C 
C OPEN THE WATER VALVE 
C 
35 CALL VALVE (WATER,OPEN,ER) 
C CHECK FOR FLOW RATE TO DETERMINE TIME OUT COUNT 

CALL TIIvIR (5.0,14) 
CALL FLRAT (FR,ER) 
IF (ER.GT.30.0) GO TO 900 
EG = 40.0 
TIM -(FG * 3.0) / FR 

C CHECK FOR FLOW TOTAL EQ FINAL VALVE (EG) 
DO 40 1= 1,22 
CALL FLTOT (RD,FLT,ER) 
IF (ER.GT.30) GO TO 900 
IF (FLT.GE.FG) GO TO 50 
CALL TIMR (TIM,13) 

40 CONTINUE 
C 

VmiTE (6,45) 
45 FORMAT(2X,21H^-TIME OUT- FLOW TOTAL/) 
C 
C 
c 
50 CALL VALVE (WATER,CLOSD,ER) 
C 
C HEAT WATER TO I50 F {65-6 C) 
C 

CALL VALVE (STEMl, OPEN ,ER) 
60 CALL TEMP (T,ER) 

IF (ER.GT,30) GO TO 900 
IF (T.GE.65.6) GO TO 70 
CALL SWCH (SW) 

C STOP HEATING IF SW = 7 
IF (SW.EQ.7) GO TO 70 
GO TO 60 

C 
C DUMP SOME WATER 
70 CALL VALVE (STEAÎ l, CLOSD,ER) 

CALL PUMP (ON,ER) 
75 CALL DPRES (DP.ER) 

IF (ER.GT.30) GO TO 900 
IF (DP.LE.15.0) GO TO 80 
CALL SWCH (SW) 
IF (SW.EQ.5) GO TO 85O 
GO TO 75 



11^ 
0 CHECK FOR SWCH 6 TO SHUT DOWN OPERATION 
80 CALL ?miP (OFF,ER) 

CALL SVJCH (SW) 
IF (SW.EQ.6) GO TO 85O 

C OTHERWISE, REPEAT OPERATION 
CALL FLTOT (CLR,FLT,ER) 
GO TO 35 

C 
C WTRITE ERROR T/ESSAGE 
C 
900 V̂ miTE (6,910) 
910 FORMAT (2X,12Ĥ -TRANS ERROR/) 

C VJRITE SHUTDOWN MSG 
C 
850 WRITE (6,860) 
860 FORM.A.T (2X,21H-'-*SHUTD0VJN IN PROCESS/) 
C 
C SHUTDOWN PliANT 
C 

CALL VALVE (STEAM,CLOSD,ER) ^ 
CALL VALVE (WATER,CLOSD,ER) 
CALL PUMP (OFF,ER) 

C STOP PROGRAM 
END 

miiii^. I 


