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COMPUTER SET POINT STATION 

CROSS REFERENCESTORELATED 
APPLICATIONS 

The only related pending patent application of which 
the inventors are aware is Ser. No. 623,015 filed Mar. 
14, 1967, now U.S. Pat. No. 3,548, 169 issued Dec. 15, 
1970. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to methods for control 

of physical and chemical processes, particularly by 
digital computers controlling analog type actuators, 
e.g., valves by acting through the interfacing device of 
the present invention. 

2. Description of the Prior Art 
The most commonly used device for providing an in 

terface between a digital computer and an analog ac 
tuator, e.g., a valve, is a motor driven potentiometer 
such as those available commercially from a number of 
manufacturers. See for example, Spec. Sheet 98.570-S 1 
, 11-5B, Taylor lnstrument Co., Rochester, N.Y. These 
potentiometers are subject to wear because they in 
volve moving parts, particularly parts in slidable con 
tact. Further, these potentiometers require considera 
ble computer time since the computer must address the 
potentiometer during the entire period over which the 
potentiometer adjustment occurs. 

SUMMARY OF THE INVENTION 

The present invention avoids completely the need for 
moving parts by using, in preferred embodiments, en 
tirely solid-state devices. The invention can be utilized 
as the interfacing device between a computer and a 
standard analog control system. In this method the out 
put from the interfacing device of the invention 
operates as the set point input to a standard analog con 
troller, preferably a recorder-controller. Alternatively, 
the devices of the invention can be used directly as "- 
direct digital control' units by sending their output 
directly to the control valve or other analog device to 
be actuated. 
Other advantages of the invention are: 
1. Automatic bumpless transfer from manual set 

point adjustment to computer set point adjustment. 
2. Digital memory, capable of holding value in 

definitely. 
3. Parallel input from computer. The memory in the 

unit can be updated in less than 1 millisecond. 
4. High and low limits can be set to prevent the 

process from exceeding safe limits. 
5. Maximum "rate of change' is settable in the unit 

to prevent a step-function from upsetting the process. 
6. Fail-safe monitor-if the unit fails, the set point is 

automatically transferred back to the local set point ad 
justment in the analog controller. Controller and com 
puter indicate such failure immediately. 

7. Controller status lamp comes on only after the 
computer actually addresses the unit providing positive 
check on operation. 

8, Computer address of the unit is wired into card 
position so identical units are interchangeable. 

9. Minimum computer outputs, e.g., 21 and time (l 
millisecond per unit) to control up to 1,024 units or 
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2 
10. Galvanic isolation between the computer includ 

ing the invention and the process controllers with as 
sociated equipment. 

Briefly stated, the invention involves methods and 
devices for converting output from a digital computer 
to operate an analog control system by successively 
changing the digital set point values in two or more 
analog control stations by first addressing the in 
dividual analog control station, then zeroing the set 
point value of the particular control station addressed 
and inserting the new digital set point value into the 
control station addressed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram showing the control 
system of the present invention operating on the physi 
cal components of a process system. 

FIG. 2 is a block diagram of the components of the 
control system of the present invention. 

FIG. 3 is a diagram of the circuitry of the set point 
input valve gating 19 and of the memory 20 and digital 
to-analogue converter 21 shown in FIG. 2. 

FIG. 4 is a diagram of the circuitry of the DC-DC 
converter 25, rate of change adjustment 43, oscillator 
26, and high + low limit adjustment 24, of the control 
system in FIG. 2. 

FIG. S is a diagram of the circuitry of the variable ad 
dress terminal 14, address logic 15, of the control 
system shown in FIG. 2. 

FIG. 6 is a diagram of the circuitry of the control 
logic 16, and analogue comparator 18, shown in FIG, 2. 

FIG. 7 is a diagram of the circuitry of the fail-safe 
monitor of control logic 16 of the control system shown 
in FIG. 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In FIG. 1, the control system of the present invention 
is used to control a typical process system in which 
components A and B flow into reactor 1. Component A 
flows through orifice plate 2. Differential pressure 
transducer 3 measures differential pressure (and thus 
flow) across the orifice plate. Flow controller 4 is an 
analog type of flow controller having a conventional 
remote set point input connected to computer set point 
station (CSPS) 5. Controller 4 is connected to flow 
control valve 6 through current-to-pressure converter 
7 
A similar set point station (CSPS) 8 is connected to a 

similar current-to-pressure converter 9 and pneumati 
cally operated control valve 10, all acting on com 
ponent B. Pressure transducer 11 and flow transducer 3 
are both connected back to computer 12 which acts 
through the system of the invention to control the 
process. The temperature transducer 13 is also con 
nected to the computer to feedback the temperature of 
reactor 1. 

In operation, the system of FIG. 1 causes component 
A to flow through orifice plate 2 causing a differential 
across flow transducer 3 which is transmitted back to 
computer 12. Similarly, component B flows past pres 
sure transducer 11 which transmits a signal back to 
computer 12. The temperature transducer 13 measures 
the temperature in reactor 1 and transmits the tem 
perature signal back to computer 12. 
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The computer analyzes these three inputs of flow, 
pressure and temperature, respectively, and, following 
a conventional process control program, calculates the 
optimum setting for flow control valve 6. The computer 
then digitally addresses CSPSS and, when the com 
puter has addressed and been connected to that set 
point station, zeroes any previous digital set point con 
tained in CSPSS and then transmits the new recalcu 
lated optimum set point into the memory of CSPS 5. 
CSPS 5 then gradually changes the digital set point in 
analog controller 4 until it conforms with the newly cal 
culated optimum set point which is contained in the 
memory of CSPS 5. This gradual changing of the 
analog controller set point avoids "bumps' or discon 
tinuities in process control. Analog controller 4 cor 
respondingly adjusts its electrical output signal which is 
converted to a pneumatic signal by amperage-to-pres 
sure converter 7 so that valve 6 gradually moves to a 
new position. Simultaneously, analog controller 4 con 
tinuously senses the flow from flow transducer 3 and 
continues to move valve 6 until the flow through orifice 
plate 2 equals the newly calculated optimum set point. 

After computer 12 has addressed, zeroed and trans 
mitted the new set point to set point station 5, it breaks 
the connection with CSPS 5 and addresses computer 
set point station 8. The previous set point value in 
CSPS 8 is zeroed and a new digital set point value (cal 
culated approximately simultaneously with the op 
timum set point value for CSPS 5 and stored briefly in 
the memory of computer 127, is inserted into CSPS 8. 
Computer set point station 8 then transmits an an 
perage signal which is converted to pressure in con 
verter 9 and transmitted to valve 10. Thus, CSPS 8 acts 
directly upon valve 10 and varies its position. The com 
puter receives the new pressure signal from transducer 
11, compares it to the newly calculated optimum pres 
sure, readdresses, rezeroes and readjusts the digital set 
point in set point station 8 as necessary until the signal 
received from pressure transducer 11 equals the newly 
calculated optimum pressure. It should be noted that 
the set point which the computer transmits to CSPS 8 is 
in terms of valve position and the computer itself deter 
mines whether or not this valve position is the correct 
position to achieve the optimum pressure. This "direct 
digital control' is in contrast to the "computer cascade 
analog control system' which is controlled by com 
puter set point station 5. CSPS5 resets an otherwise in 
dependent analog control loop to optimize the value at 
which it controls with the rest of the system. Set point 
station 8 merely positions the valve and the computer 
itself checks on whether this position provides the op 
timum pressure. While the control system used on com 
ponent A has the advantage of being self-sufficient in 
case of computer failure, the direct digital control util 
ized for the pressure control on component B offers 
major economic advantages by the elimination of the 
additional cost of the analog control loop. 

Referring to FIG. 1, it will be noted that a single mul 
ticonductor cable 29 connects the computer with both 
computer set point control stations. The use of this sin 
gle multiconductor cable with the CSPS terminals con 
nected in parallel is permitted by the addressing feature 
of the invention. 
The circuitry of CSPSS or 8 (which are identical ex 

cept for the hard wired "addresses' discussed below) is 
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4 
shown schematically as a block diagram in FIG. 2. The 
circuitry of each of the blocks of FIG. 2 is shown in 
more detail in FIGS. 3 and following which are 
discussed later in this application. 

In FIG. 2 computer 12 is connected to variable ad 
dress terminal 14 which contains a "hard-wired' ad 
dress which constitutes the digital address of the par 
ticular set point station. The variable address 14 is con 
nected through address logic 15 to control logic 16 
which feeds a "ready' signal back to the computer 
through interlock 17, and which also receives the reset 
signal to provide "bumpless' transfer from local (non 
computer controlled) operation to computer con 
trolled operation. The circuitry of elements 14 through 
15, 16, 17 and 18 is shown in more detail in FIGS. 5, 6 
and 7, respectively. 

Control logic 16 is connected to set point input gat 
ing 19 so that when the particular CSPS is addressed 
through elements 14 and 15, control logic 16 responds 
by signalling set point input gating 19 and resets CSPS 
memory 20. This permits the incoming signal from line 
22 to enter through gating 19 into memory 20. Since 
the signal from the computer is in digital form, it is 
necessary to provide a digital-to-analog converter 21. 
On transfer from local to computer set-point, the 
analog controller set-point is initially sent to compara 
tor 18 for comparison with the set point which was 
previously set on the analog controller 4 while in the 
local mode. In normal operation, the output form the 
digital-to-analog converter 21 feeds through rate of 
change adjustment 23, high and low limit adjustment 
24 and DC-to-DC converter 25 into the remote set 
point located in analog controller 4. Oscillator 26 pro 
vides a ramping to element 20 on the switch-over from 
local to computer control, provides a clocking pulse to 
control logic 16 and provides a chopping of the DC 
signal from DC to DC converter 25 in order to provide 
isolation of the output from that element. Fail-safe 
monitor 27 returns the analog controller 4 to the local 
mode upon any failure within the computer control 
system. (This fail-safe feature is inoperative in direct 
digital control.) Computer status lamp 28a is lit when 
ever the CSPS is under computer control. 

FIG. 3 shows the circuitry of set point input value 
gating 19, memory 20, and digital-to-analog converter 
21. In FIG. 3, the digital memory circuit systems F-1 
through F-11 are bistable circuits ("flip-flops') which 
permit two modes of operation. In the first mode of 
operation, a "one' signal enters through zero conduc 
tor 31 and conductor 32 is strobed (that is, its voltage is 
raised from a high to a low value for a short time 
period, e.g., 15 milliseconds). This strobing opens 
NOR-gates G-1 through G-10, allowing signals from 
the multiconductor cable 22 (composed of 10 separate 
conductors 22-A through 22-J) to enter corresponding 
flip-flops F-1 through F-10. Transistors T-0 through 
T-10 then translate the binary value, which has en 
tered, into an analog value which is transmitted 
through operational amplifier A-1 into digital-to 
analogue (D/A) output line 33, also shown on FIGS. 2, 
4, and 6. A voltage divider comprising resistors 34 and 
35 and relays b-6 and b-9 closes the loop and provides 
a feed-back signal for monitoring by the computer. The 
above-described mode is conveniently termed "the 
computer-control mode" of the CSPS and is the normal 
mode during operation of the control system. 
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The second mode of the memory section of the CSPS 
is utilized in switching from local control to computer 
control, and is termed "the scaling up mode" of the 
CSPS memory. The memory is placed into the scaling 
up mode by a zero pulse arriving through count-enable 
conductor 38 and a "zero-one-zero..." counting pulse 
arriving through clock conductor 39. The flip-flops F-1 
through F-10 begin counting the clock pulse from con 
ductor 39 and continue to count until the voltage out 
put of D/A output 33 becomes equal to the voltage of 
the controller set point in conductor 40. This equality is 
determined by feeding both of these voltages to com 
parator 18. When comparator 18 senses that the two 
voltages are equal it sends a high value through the 
conductor 48 which is normally at a low voltage, 
discontinuing the clock pulse input to line 39. The 
signal to count-enable conductor 38 is automatically 
discontinued approximately 150 milliseconds after it 
begins. This second mode permits "bumperless' 
transfer from local to computer control. The entire "- 
scaling up' mode will usually be accomplished in less 
than 100 milliseconds. 

In FIG. 3, flip-flop F 11 is an overranging logical 
device utilized in the "scale up mode" to permit over 
ranging of the set point value up to as much as 200 per 
cent of the set point value transmitted by the computer. 
Its function is to prevent constant recycling which 
would result from a minor discrepancy between the 
values in conductors 33 and 40, respectively. 

FIG. 4 shows the circuitry of rate of change adjust 
ment 43, high and low limit adjustment 24, DC-to-DC 
converter 25 and an oscillator 26. 

In FIG.4, resistor 42 and capacitor 43 limit the max 
imum rate of change at which the output from D/A out 
put conductor 33 is transmitted to operational amplifi 
er A-2 located within the DC-to-DC converter 25. A 
switch 44 permits selecting various alternate capacitors 
43-A through 43-C to vary the maximum rate at which 
the signal is inputted to operational amplifier A2. In 
general, the input period rate will be in the range of 
from one second to one-thousand seconds, but is not 
narrowly critical and will preferably be matched to ac 
commodate the rate of change encountered in the 
process which is being controlled. Transistor 45 com 
pares the voltage on the slider arm 46 of a variable 
potentiometer which had previously been preset to the 
lower limit of the range of computer control. For exam 
ple, the rate of the potentiometer can be set at a value 
corresponding to 50 percent of the control value and 
the computer will not control the process if the value of 
that parameter falls below 50 percent of the control 
value. If the computer attempts to input to the CSPS a 
control point which is lower than the lower limit preset 
into potentiometer slider arm 46, the control point cor 
responding to the lower limit will automatically be in 
putted into controller 4. Similarly, transistor 47 com 
pares the voltage being inputted to operational amplifi 
er A-2 with the voltage of the slider arm 48 of a varia 
ble potentiometer, thus providing a high level limit on 
the range of computer control. Normally, the values of 
the high and low level will be selected according to the 
safe range which the parameter may have in the 
process. 

Control station 4 is galvanically isolated from the 
CSPS by means of transformer 49 (having secondaries 
49b, shown on FIG. 7 and 49a, shown in FIG. 4), in 
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6 
order to permit the control station output to float 
without reference to ground and to isolate the control 
station 4 from any short within the CSPS. To permit the 
galvanic isolation, the DC signal from operational am 
plifier A-2 is converted to AC by transistors 50 and 51 
which are driven by oscillator 26, outlined with broken 
lines in FIG. 4 and also shown in block diagram FIG. 2. 
Within oscillator 26, resistor 52, capacitor 53, unijunc 
tion transistor 54 and base resistors 55 and 56 form a 
unijunction relaxation oscillator having an output of 20 
Hz which is divided by 2 and squared by flip-flop F-12. 
The output from the flip-flop is amplified by buffer am 
plifiers 57 and 58. Isolation is provided by capacitor-re 
sistor pairs 59-60 and 61-62. An unlimited signal is fed 
through conductors 63 to control logic 16. The neces 
sary rectification of the AC signal from transformer 49 
is provided by a rectifier 64 and the rectified signal is 
sent to controller 4 through conductors 65-A and B. 
Relays B-4 and B-5 provide an output monitor to the 
computer in a manner similar to that provided by relays 
B-6 and B-9 (shown in FIG. 3). All of the output moni 
tor relays are actuated simultaneously and thus may be 
combined electrically, if convenient. 

Relay B-3 bypasses resistor 42 to provide fast input 
through operational amplifier A-2 when the CSPS 
memory is in the scale-up mode described above. 
FIG. 5 shows the circuitry of the variable address 14 

and the address logic 15. Terminal block 14 is wired 
with the unique digital address of the CSPS. The ad 
dress shown wired in FIG. 5 is "1 1.' The terminals 
labeled 1 through 128 connect through multiconductor 
address cable 125 (similar to cable 22) with the cor 
responding terminals of the computer "ECO" (elec 
tronic contact operate) which comprises a series of 
switches operated in response to the programming of the 
computer. 
While the IBM model 1800 computer is utilized with 

the particular control system described herein, virtually 
any digital computer equipped with a suitable ECO and 
having memory and other data processing ability 
adequate to control the physical system, can be util 
ized. 
A specific description of the IBM 1800 computer 

and its "ECO" appears in the Physical Planning 
Manual for the IBM 1800, file number 800-15, form 
number A26-5922-1, particularly pages 48-50, 
published by IBM, San Jose, Calif. 951 14. 

In FIG. 5, the address logic 15 contains the logic gate 
necessary to decode the address. NOR-gates 67A 
through 67D decode the address from variable address 
14. If the address signal from the computer ECO is 
identical with the address hard wired into the variable 
address 14, the NOR-gates of the address logic 15 out 
put a signal to address-select conductor 66 (also shown 
on FIG. 2). This signal continues so long as the com 
puter ECO continues to transmit the address, generally 
for about 10 to 15 milliseconds. This pulse closes the 
contact on monitor relays b-4, b-5, b-6 and b-9, caus 
ing feedback to the computer through these relays. The 
signal in conductor 66 also is transmitted to control 
logic 16 causing the control logic to permit response to 
the reset signal (if any) on conductor 28 (shown in 
FIG. 6). The signal on conductor 66 also causes control 
logic 16 to be responsive to any set point value which 
may be transmitted while conductor 66 is energized. In 
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operation, control logic 16 does not respond to any 
reset pulse or any new set point unless both such signals 
are preceded by a signal corresponding to the address 
hard wired into variable address 14. Only when an ad 
dress signal corresponding to the address of variable 
address 14 is first received, decoded by address logic 
15 and conductor 66 energized, does control logic 16 
respond to reset signals transmitted through conductor 
28 or new set points transmitted through conductor 22. 
Pull-up resistors 68 and 69 can have 1,000 ohms or 
other suitable values. 

It is this addressing characteristic of the circuitry 
which permits all of the CSPS's to be connected to the 
computer in parallel by means of a single multiconduc 
tor cable. 

FIG. 6 describes the circuitry of control logic 16 and 
(outlined with dotted line) comparator 18. Hold up re 
sistor 70 and NOR-gates 71 and 72 permit control logic 
16 to respond to a reset signal on conductor 28 only 
when address select conductor 66 is energized. In 
operation, conductor 66 is energized upon an ap 
propriate address being received by variable address 14 
and address logic 15. NOR-gate 72 then has an output 
of zero. The reset signal from conductor 28 and the 
zero signal from NOR-gate 72 are both received by 
NOR-gate 71 which responds by energizing conductor 
73 with a signal which is inverted by buffer amplifier 74 
and transmitted to value gating conductor 32 which 
conducts the signal to set point input value gating 19, 
also shown in FIGS. 2 and 3. 

Capacitor 75, NOR-gate 76, buffer amplifier 77 and 
resistor 78 together form a single-shot multi-vibrator. 
In response to the energizing of conductor 73, this sin 
gle-shot multi-vibrator sends a short duration pulse 
(approximately 0.1 millisecond) to zero conductor 31, 
also shown in FIG. 3. This pulse resets CSPS memory 
20 to zero. NOR-gates 79, 80, and 81 form a latching 
circuit. In response to an output signal from NOR-gate 
72, NOR-gate 79 transmits a signal to NOR-gate 80 
which, in conjunction with NOR-gate 81, acts as a latch 
to continuously energize conductor 82 causing com 
puter status lamp 28a (shown in FIGS. 1 and 7) to light, 
indicating that the particular CSPS has been addressed 
and is under computer control. During addressing by 
the computer, the signal from conductor 66 also goes 
to NOR-gate 83 energizing conductor 84 which ener 
gizes relay coils B-4, -5, -6, and -9, closing the cor 
responding relays b-4, -5,-6 and -9, causing feedback 
signals as described above. 
Conductor 85 connects to one side of NOR-gate 81 

and one side of NOR-gate 86 which outputs through re 
sistor 87 and time-delay capacitor 88 into one side of 
NOR-gate 89 which itself outputs into one side of 
NOR-gate 79, previously described. When the local 
controller is in the local position conductor 85 is ener 
gized at a "one" level, thus NOR-gate 79 prevents the 
lighting of the computer status lamp. 
NOR-gate 90 outputs through capacitor 91 and re 

sistor 92 to one side of NOR-gate 76, previously 
described. Elements 91, 92, and 76 thus comprise a sin 
gle shot multivibrator which generates a 0.1 mil 
lisecond signal in zero conductor 31, resetting the 
memory of control logic to zero at the instant when 
controller status conductor 85 is deemergized by 
manually switching the controller from local to the 
computer control mode. 
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8 
NOR-gate 93, capacitor 94, NOR-gate 95, resistor 

96 together comprise a single shot multivibrator 
generating a 150 millisecond pulse into one side of 
NOR-gate 97 at the instant that conductor 85 is 
deenergized by manually switching to the computer 
control mode. 

This pulse goes to NOR-gate 97 and buffer amplifier 
98, bringing count-enable conductor 38 to a zero logic 
level for 150 milliseconds, permitting control logic 
memory to operate in the scale-up mode. The same 
pulse from buffer amplifier 98 also gates NOR-gate 99. 
NOR-gates 99 and 100 are in parallel so that the pulse 
to NOR-gate 99 gates NOR-gate 100 admitting the 10 
KHz signal to clock conductor 39. The pulse from 
NOR-gate 97 also passes through resistor 101 energiz 
ing relay coils B-1, B-2, and B-3 (shown in FIG. 7). 
The circuitry of comparator 18 is outlined with a 

dotted line in FIG. 6. When conductor 102 is energized 
with a one signal, relay coils B-1, B-2 and B-3 (shown 
in FIG. 7) operate transfer contacts b-1 and b-2, 
(shown in FIG. 6) and b-3 (shown in FIG. 4). Opera 
tional amplifier 103 then receives a voltage pulse from 
capacitor 104. This voltage pulse which is indicative of 
the set point value then set in the analog controller, is 
compared with the output from the digital-to-analog 
converter 21, which is inputted to the operational am 
plifier 103 acting through scaling resistors 105 and 106. 
So long as the voltage pulse from capacitor 104 (the 
controller set point value) is greater than the digital-to 
analog converter output in conductor 33, operational 
amplifier 103 will output a zero signal through resistor 
126 into one side of NOR-gate 100 admitting the 10 
KHz signal from conductor 63 to clock conductor 39. 
This causes scaling up of the value in the CSPS memory 
20. A zener diode 127, connected to ground limits the 
voltage between operational amplifier 103 and NOR 
gate 100. 
When control logic memory 20 is in the scale-up 

mode, activating (closing) relay b-3 allows capacitor 
43 to charge rapidly through resistor 109 (both shown 
in FIG. 4). On initial transfer to computer control 
mode, this allows rapidly bringing the output of the 
CSPS on conductors 65-a and 65-b into equality with 
the locally set set-point on conductors 40-a and 40-b, 
thus providing "bumpless' transfer from the local to 
the computer control mode. 

FIG. 7 shows the circuitry of interlock 17 and a 
remaining portion of the circuitry of control logic 16. 

Relays b-1 through b-7 and b-9 have been previ 
ously discussed above. 
A warning of failure of a CSPS is provided by con 

ductor 107 which energizes relay coil B-8 sending a 
continuous signal indicative of failure to the controller 
and returning the controller automatically into local 
mode. A pulse is directed back to the computer 
through conductor 107 at the start of each time when 
the CSPS is addressed by the computer. Various acces 
sory circuits may be added to provide "ready" or addi 
tional "failure' signals to the computer which can be 
programmed to respond in accordance with various 
emergency procedure programs. 
When line 107, described above, is energized, NPN 

transistor 110 admits current to conductor 111 sending 
a "ready' signal back to the computer. Output to con 
troller 4 is monitored by the second of the secondary 
windings 49-B of the transformer (the primary and 
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other secondary of which are shown in FIG. 4). This 
output is rectified by bridge rectifier 112 and fed to 
operational amplifier 113 and compared with a 
reference voltage established by resistors 114 and 115. 
If the output voltage drops below the preset limit set by 
the resistors, operational amplifier 113 will latch in the 
up mode due to the positive feed back through diode 
116 and resistor 117, thus placing a positive voltage on 
conductor 118 and deenergizing relay coil B-8, turning 
on monitor failure lamp 119, indicating failure of the 
particular CSPS. 

Conventional commercially available circuitry com 
ponents may be employed with the invention. For ex 
ample, the operational amplifiers can conveniently be 
Model No. SQ 10A manufactured by Nexus of Canton, 
Mass. and described in their brochure PB-103a 
9/66(1966914 manu 
factured by Fairchild, and flip-flops can be Model No. 
923 manufactured by Fairchild and described in their 
brochure BR-BR-0015-29-100M, Library of Con 
gress Cat. No. 75-87311 (1969), control stations can 
be Model No. 940R, manufactured by Taylor and 
described in their brochure 98569-S1 (1969), File 
11-5A. Conventional power and ground connections 
to the various components should be supplied where 
conventionally required, e.g., to the NOR-gates. In 
general, the conventional techniques of computer con 
trol of set points and direct digital control by computer 
are applicable to the present invention, see, for exam 
ple, Computer Control of Industrial Process by E.S. 
Savas, McGraw-Hill (1965), Computer Process Con 
trol by Lee A. Gaines, and Mathematical Modeling in 
Chemical Engineering by R. G. E. Franks, John Wiley 
and Son (1967). 

MODIFICATIONS OF THE INVENTION 

It should be understood that the invention is capable 
of a variety of modifications and variations which will 
be made apparent to those skilled in the art by a read 
ing of the specification and which are to be included 
within the spirit of the claims appended hereto. For ex 
ample, all of the CSPS can be linked in parallel to a 
continuous loop multi-conductor cable, expanding 
over a large area employed by the process plant, which 
is connected back to itself just prior to the connection 
to the computer. Such a loop will continue to provide 
control to each of the CSPS spread throughout the 
plant, even if it is broken at any single point along its 
length. Further, the loop can be extended by merely 
breaking the loop and adding sections where desired 
without taking any of the CSPS out of service. As has 
been previously stated, the CSPS can be utilized for 
direct digital control rather than operating through an 
analog station as described in some portions of the 
specification. Instead of the multiconductor cable, a 
single conductor cable may be utilized if a "shift-re 
gister" is installed in each CSPS. Such a shift register 
receives the address signal as a series of pulses from the 
signal conductor and directs each pulse to a different 
logical component of the shift register. After all pulses 
have been received, they are then simultaneously trans 
mitted to the CSPS which then operates as described 
above for a multiconductor cable installation. By utiliz 
ing a carrier wave signal to conduct the pulses into the 
shift register, the ordinary utility wiring can be used to 
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10 
carry the signals, CSPS's can then be plugged into any 
normal convenience outlet in the installation affording 
a high degree of portability where desired. 
An analogous design using AND-gates in place of the 

NOR-gates can be substituted; a very wide variety of 
process components as well as machines can be con 
trolled by the invention, the collectors and emitters of 
the individual transistors can be transposed in the cir 
cuitry. 
What is claimed is: 
1. Apparatus for interfacing a digital computer with a 

control system comprising in combination, 
a. a digital computer controlling the system in 

response to inputs received from various sensors 
indicative of conditions within various points in 
the system, said computer having means for out 
putting a selective digital address signal and as 
sociated command signals, 

b. a multiplicity of control stations, each of said con 
trol stations having means for controlling at least 
one variable of the system in response to one of 
said command signals indicative of a desired con 
trol point value for that variable, 

c. common cable means for receiving said selected 
digital address signal and associated command 
signals outputted by said computer means, said 
cable means being connected to a plurality of said 
control stations, 

d. prewired address means in each of said control sta 
tions which is distinct from similar prewired ad 
dresses of other of said control stations, 

d. comparator means in each said control stations for 
comparing the address outputted by said computer 
with said prewired address, 

f. address logic means for permitting said digital 
command signals to be transmitted from said com 
puter to said memory means, within a particular 
control station, when, and only when, said com 
mand signals are associated with an address signal 
corresponding to the prewired address of said par 
ticular control station, 

... zeroing means in each said control station for zero 
ing said memory means in response to an ap 
propriate zero command signal from said com 
puter, 

h. memory means in each said control station for 
storing said desired control point value transmitted 
from said computer. 

2. The apparatus of claim 1 wherein there is further 
provided: 

i. rate of change limiting means for controlling the 
transmission of said signal from said memory to 
said control station so that the control value signal 
inputted to said control station changes at a rate 
not in excess of a predetermined maximum rate of 
change whereby said new digital control value is 
gradually applied to said system. 

3. The apparatus according to claim 2 wherein the 
rate of change limiting means comprises capacitive 
means having a preselected time constant correspond 
ing to the desired maximum rate of change. 

4. The apparatus according to claim 1 wherein the 
signal outputted by said computer is transmitted to said 
comparator by means of a multi-conductor cable con 
nected to a plurality of said address comparators. 



3,693,163 

5. The apparatus according to claim 4 wherein said 
address signal is binary in character and each binary bit 
is transmitted through a separate conductor. 

6. The apparatus according to claim 5 wherein each 
binary bit is carried on both a bit conductor and a not 
bit conductor and wherein redundancy checking means 
is provided to check the bit-signal for correspondence 
with the non-bit signal. 

7. Apparatus according to claim 4 wherein said 
multi-conductor cable is looped back upon itself so that 
two alternate paths are provided for transmitting said 
computer signal to said control station. 

8. The apparatus according to claim 1 wherein the 
control station is a direct digital control station which 
actuates means for controlling said system variable and 
whereby the value of said variable is measured by a sen 
sor which transmits said value to the computer and not 
to any localized control station. 

9. The apparatus according to claim 1 wherein the 
control station is an analog control station and wherein 
the signal received from said memory adjusts a set 
point on an analog control loop and wherein the value 
of said system variable is determined by a sensor which 
transmits said value back to said analog control station. 

10. In a process for converting output from a digital 
computer to operate a control system by changing the 
digital control point value in the memory of a desired 
control station via a common cable means to which a 
plurality of said control stations are connected, the im 
provement comprising: 

a. transmitting via said common cable an address 
signal which causes the desired control station to 
become responsive to a command signal, 

b. transmitting a command signal to zero the set 
point value of said desired control station, and 

c. thereafter transmitting a command signal to insert 
the new digital control point value into the 
memory of said desired control station. 

11. A process according to claim 10 including the 
step of said computer transmitting signals from said 
comparator by transmitting each digit of said signal 
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over a separate conductor of a multi-conductor cable 
and wherein said signals are transmitted to a plurality 
of said comparators, each connected to the conductors 
of said multi-conductor cable, 

12. A process according to claim 11 wherein said ad 
dress signal is binary in character and each binary bit is 
carried by a separate conductor. 

13. A process according to claim 12 wherein each bi 
nary bit is carried on both a bit conductor and a not-bit 
conductor and wherein redundancy checking means is 
provided to check the bit-signal for correspondence 
with the non-bit signal. 

14. A process according to claim 10 wherein the con 
trol station is an analog control station and including 
the additional step of the signal received from said 
memory causing adjustment of a set point on an analog 
control loop, and determining the value of said system 
variable by a sensor which transmits said value back to 
said analog control station. 

15. A process according to claim 10 including the ad 
ditional step of said memory continuously transmitting 
said new digital control values to said control station 
until said digital control value is zeroed in response to a 
zero command signal from said: c uter, said zero 3RRR 3. 2.pOT Fileå by 
a proper address signal. 

16. The process of claim 15 wherein the transmission 
of said signal from said memory to said control station 
is limited by rate of change limiting means so that the 
digital control value signal inputted to said control sta 
tion changes at a rate not in excess of a predetermined 
maximum rate of change whereby said new digital con 
trol value is gradually applied to said system. 

17. A process according to claim 1 wherein the con 
trol station is a direct digital control station and the 
control station actuates means for controlling said 
system variable including the additional step of measur 
ing the value of said variable by a sensor which trans 
mits said value to the computer and not to any localized 
control station. 
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