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[57] ABSTRACT 

pressor. In addition to the basic functions of monitoring and 
displaying these values, the system performs a multitude of 
other functions such as: continuously comparing preselected 
ones of these parameters with pre-established reference 
signals to determine if these various parameters exceed 
predetermined safe limits; activating alarm devices should the 

monitored should the selected parameters exceed their 
predetermined levels so as to generate alarm signals; and stor~ 
ing the values of other preselected parameters such that these 
values can be subsequently displayed after the occurrence of 
an alarm situation. The system can be operated in a ‘*scan" 
mode whereby the parameters are sequentially monitored, 
checked, and stored values updated at a preselected rate. 

Alternatively, an operator can select a particular station to be 
monitored in which case the instantaneous value of that par 
ticular parameter will continuously be displayed by the 
system. Regardless of whether the system is operated in the “ 
scan” or “hold" mode, the occurrence of an alarm condition 
in any of the pre-established parameters will generate ap 
propriate command signals to shut down or otherwise control 
the device being monitored; while at the same time, the value 
of the parameter which generated the alarm signal will be dis 
played on the apparatus. 

53 Claims, 17 Drawing Figures 
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MONITORING AND DISPLAY SYSTEM FOR MULTI 
STAGE COMPRESSOR 

BACKGROUND OF THE INVENTION 

This invention relates to monitoring and display apparatus 
and more particularly to a system which not only monitors and 
displays the value of a plurality of parameters associated with 
a particular device, but also relates to such a system which can 
performa multitude of other functions related to the satisfac 
tory perfonnance of the particular device being monitored. 
Monitoring and display problems are becoming increasingly 

more complex as the speed of operation and complexity of the 
device being monitored increases. For instance, in a multi 
stage compressor for which the system of the instant invention 
was speci?cally designed, there are some 25 check points 
which must be continuously monitored to determine if the 
compressor is functioning properly. Should the parameters 
being monitored at preselected ones of these check points ex 
ceed predetermined safe limits, speci?c steps must be taken to 
either relieve the condition which caused the “alarm” situa 
tion or shut down the compressor completely. 
One display system in common usage on such multi-stage 

compressors comprises nothing more than a plurality of dials 
responsive to appropriate transducers which sense tempera~ 
ture and pressure. This system requires the presence of one or 
more operators to continuously read these dials; compare 
their instantaneous indication with preestablished limits; and 
take necessary corrective steps should any one of the various 
temperatures or pressures exceed pre-established safe limits 
therefore. Obviously, such a system is highly unsatisfactory 
since there is room for human error in takingv the readings, 
making the necessary comparisons and taking appropriate 
corrective measures in response thereto. Furthermore, such a 
system, which depends on human response, is dangerously 
slow in view of the tremendously high temperatures and pres 
sures which can quickly build up within a device such as a 
multi-stage compressor. 

Accordingly, in recent years there has been great emphasis 
on the development of multi-function systems which can 
quickly and ‘accurately display the instantaneous magnitude of 
a plurality .of parameters associated with a particular device 
being monitored and which system can automatically take 
necessary corrective steps in the event preselected ones of 
such parameters exceed predetermined safe limits. 

SUMMARY OF THE INVENTION 

The instant invention is in fact the result of a concentrated 
effort to improve monitoring and display systems utilized in 
conjunction with multi-stage compressors. To that end, the 
monitoring and display system of the instant invention was 
speci?cally designed to display 25 pressure and temperature 
check points which are crucial to the continuous operation of 
such a compressor. Additionally, various control functions 
built into the system of the vinstant invention are particularly 
tailored to shut down a compressor; relieve the air bank 
thereof etc., in response to predetermined alarm situations. 
Similarly, other functions built into the monitoring and display 
system of the instant invention were designed with a multi 
stage compressor in mind and accordingly will be described in 
that context. However, it is to be understood that the instant 
invention is, in its broadest sense, directed to a system which 
can monitor and display the instantaneous value of a plurality 
of parameters associated with the operation of any desired 
device and additionally, is directed to such a system which has 
multi-functioncapabilities useful in conjunction with what 
ever particular device is being monitored. In a narrower sense, 
the instant invention relates to a monitoring and display 
system which has particularly advantageous characteristics 
when considered in conjunction with, and in the context of, 
the multi-stage compressor for which it was designed. 

Broadly speaking, the monitoring and display system of the 
instant invention comprises a number of sub-systems which 
co-act with one another to perform a multitude of functions. 
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2 
For example, there is a sensing sub-system which includes a 
plurality of transducers each of which produces a signal 
representative of the magnitude of the parameter being moni 
tored by that transducer. There is a display sub-system respon 
sive to the signals produced by the sensing sub-system which 
display system produces an accurate decimal readout of the 
magnitude of the various parameters monitored by the trans 
ducers. Additionally, there is a sequencing sub-system for 
sequentially selecting each of the transducers of the sensing . 
sub-system whereby the display sub-system will sequentially 
display the magnitude of each of the parameters as cor 
responding transducers are sequentially energized. Thus, in 
accordance with a ?rst aspect of the instant invention, a plu 
rality of parameters are continuously and sequentially moni 
tored with the magnitude of each of these parameters being 
accurately displayed in sequence at one central readout loca 
tion. 

As a further feature of the instant invention, the aforemen~ 
tioned sequencing sub-system may be operated in either a “ 
scan” mode (in which each of the aforementioned transducers 
are sequentially selected ) or in a “hold mode” in which a par 
ticular one of the stations being monitored remains selected 
such that the magnitude of its respective parameter is continu 
ously displayed. Additionally, means are provided to operate 
in the scan mode at either a “slow" or “fast" scan. Finally, the 
sequencing sub-system includes a plurality of energizable light 
indicators each of which carries appropriate indicia and cor 
responds to one of the stations being monitored. in this 
manner, when a particular station is being monitored, such 
that the magnitude of the parameter detected is displayed on 
the readout section of the system, the appropriate indicator 
will be energized to provide a visual indication of which sta 
tion is being monitored and displayed at that particular in~ 
stant. 

As a further feature of the invention, there is provided a “ 
compare" sub-system in which the magnitude of preselected 
ones of the' monitored parameters are continuously compared 
to pro-established “safe” reference values. Should a moni 
tored parameter exceed its predetermined level, an alarm 
signal is produced to energize an alarm indicator on the moni 
tor and display panel and/or to simultaneously initiate cor 
rective steps which take place in the control sub-system about 
to be described. 

The control system is, as noted above, responsive to the 
generation of alarm signals and has as its function the respon 
sibility for quickly and automatically taking appropriate cor 
rective or “shut down" measures when such alarm signals 
have been generated. 

Thus, in the monitoring and display system of the instant in 
vention which was designed in accordance with the require 
ments of a multi-stage compressor, the comparator subsystem 
generates alarm signals in three special circumstances. First, 
should a particular group of temperature check points exceed 
pre-established magnitudes or should the oil pressure of the 
system fall below a predetermined safe magnitude; a ?rst 
alarm signal is generated and the control system, responsive 
thereto, will permanently shut down the motor of the system 
which can not be reactivated again without manual assistance. 
The comparator sub~system will generate a second alarm 
signal should the air banks pressure of the compressor exceed 
a predetermined maximum level. Should the second alarm 
signal be generated, the control sub~system will de-energize 
the compressor’s unloader control valve thereby allowing the 
compressor to operate in the unload condition. Furthermore, 
should the air banks pressure fail to fall below the pre 
established maximum level within 10 minutes, the control 
system will then shut down the compressor motor until the air 
banks pressure returns to an acceptable value. Should the air 
banks pressure fall below a pre-established minimum level, the 
unloader control valve will be energized to allow the compres' 
sor to operate in the loaded mode to build up pressure. The 
end result is that the air banks pressure will oscillate within a I 
given range established by the pre-established maximum and 
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minimum values. Finally, should an especially critical “?rst 
stage discharge pressure" exceed a predetermined limit during 
any start up operation, a third alarm signal is generated in the 
comparator circuit, and in response thereto, the control sub 
system will prevent the compressor’s motor from starting and 
prevent the unloader control valve from closing. 

Thus, in another aspect of the instant invention, the com 
parator and control sub systems cooperate to (1) indicate the 
occurrence of pre-established alarm situations and to (2) take 
necessary corrective steps to alleviate the condition which 
caused the alarm. 

As_ a further feature of the instant invention, appropriate 
sub systems and circuits are provided to instantaneously dis 
play the value of the particular parameter which generated an 
alarm condition even if another station is being displayed 
when the alarm occurs. Thus, regardless of whether the system 
is operating ina “scan” mode or is holding at a particular 
channel, when an alarm occurs, the readout system will auto 
matically shift and display the magnitude of the parameter 
which caused the alarm situation and simultaneously the in 
dicator for that particular channel will be energized to in 
dicate which channel caused the alarm and is being displayed 
at that moment. 

As a further feature of the instant invention, a memory sub 
system is provided which will continually update and retain 
the value of preselected ones of the parameters being moni 
tored. Thus hours, days, or even months after a particular 
alarm has caused the shut down of the compressor (or any 
other device being monitored), an operator can return, 
depress the switches corresponding to the pre-established 
memory channels, and visually observe on the display the 
value of those particular parameters immediately prior to the 
instant of alarm. It will be appreciated that such after-gathered 
information frequently provides insight into the reason for the 
failure. ' 

From the above, it will be seen that it is an object of the in 
stant invention to provide a system for monitoring and display 
ing the instantaneous magnitude of a plurality of parameters 
associated with the continuous safe operation of a particular 
device. 
Another object of the instant invention is to provide such a 

' system which can sequencially monitor and display the value 
of the aforementioned parameters. 
Another object of the instant invention is to provide such a 

system which includes means for continuously monitoring and 
displaying the magnitude of a selected parameter associated 
with a monitored device. 
Yet another object of the instant invention is to provide 

such a system which, in addition to monitoring and displaying 
a plurality of parameters, also performs a plurality of other 
useful functions. 
Another object of the instant invention is to provide such a 

monitoring-display system which continuously compares a 
plurality of monitored parameters with pre-established mag 
nitudes and generates alarm signals should safe limits be ex 
ceeded. 
Yet another object of the instant invention is to provide 

such a monitoring and display system which includes a control 
system responsive to the generation of such alarm signals cor 
rective actions to alleviate situations which have caused alarm 
situations. 
Another object of the instant invention is to provide such a 

monitoring display system which will immediately display the 
magnitude of a parameter which has caused an alarm situa 
tion. ' 

Yet another object of the instant invention is to provide 
such a system which includes a memory sub system for retain 
ing the value of preselected parameters for subsequent display 
after an alarm situation. 
Another object of the instant invention is to provide such a 

monitoring and display system which has especially ad 
vantageous characteristics when operating in conjunction with 
and in a context of a multi-stage compressor. 
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4 
These and other objects of the instant invention will be had 

by referring to the following description and drawings in 
which: 

FIG. 1 is a front view of a display panel of a monitoring 
system constructed in accordance with the teachings of the in 
stant invention; 

FIG. 2 is a schematic block diagram of the monitoring and 
display apparatus of the instant invention; ' ' ' 

FIG. 3 is a layout illustrating the manner in which the 
remaining FIGS. 4A through 13D may be positioned to cor 
respond to the block diagram of FIG. 2; and 
FIGS. 4A through 13D are schematic circuit diagrams illus 

trating in detail, the apparatus of the instant invention. 

DISPLAY PANEL 

Turning to FIG. 1, there is shown the front face 10 of a 
monitoring and display system 12 constructed in accordance 
with the instant invention. As mentioned previously, the 
system of the instant invention was speci?cally designed in 
conjunction with a ?ve-stage motor driven compressor and 
therefore, the following description will present the operation 
of the invention in the speci?c environment of such a com 
pressor. However, it is to be understood that the instant inven 
tion is not to be limited to such environment, but insteat has 
application in any system where it is desired to monitor, dis 
play, and/or control a particular device. 
For the purpose of understanding the invention, it is su?i 

ctient to describe a motor driven multi-stage compressor as 
comprising two or more compression cylinders acting in se 
ries, with the ?rst stage taking its suction from the atmosphere 
or other source and discharging at a higher pressure; the 
second stage taking its suction from the discharge of a ?rst 
stage and compressing to a still higher pressure; and so on. It is 
the compressed air which is exhausted from the last stage 
which is received and stored by the air banks of the compres 
sor system. conventionally water cooling is used in the com 
pressor (around the compression cylinder head and also 
between compression stages) to maintain the temperatures in 
volved as low as possible. 

With this background in compressors, it will be seen that the 
front surface 10 of the monitoring display apparatus 12 in 
cludes at its upper extremity a display readout section 14 com 
prising four conventional seven bar display bulbs, 16, 18, 20 
and 22 respectively. As will be explained in greater detail, this 
display section 14 presents an accurate, visual readout of the 
magnitude of a particular parameter being monitored by the 
system 12., 
Located substantially in the middle of the face 10 is a ?rst 

group of push-button 26, 24 (with individual lights 
therebeneath) which as indicated at 25, correspond to a plu 
raiity of pressure locations around the compressor which are 
being monitored. The second push-button 30 corresponds to a 
station wherein the discharge pressure at the second stage of 
the multi-stage compressor is being monitored. Similarly, the 
push buttons 32 through 48 bear identifying indicia and cor 
respond to other stations in the multi-stage compressor where 
it is desirable to take a measurement of pressure. 

Beneath the ?rst group of push-button 24 is a second group 
50 of push-button switches (with individual lights 
therebeneath) each one of which corresponds to a particular 
location around the multi-stage compressor at which a tem 
perature reading is to be taken. Thus, the push-button 52 cor 
responds to the suction or input station of the ?rst stage of the 
multi-stage compressor at which a temperature reading is 
desirable. Similarly, the push-button 54 corresponds to the 
suction or input station to the second stage of the multistage 
compressor where a temperature reading is desirable. In kile 
manner, the push-buttons 56 through 78 correspond to vari 
ous; stations throughout the multi-stage compressor at which it 
is desirable to sense temperature. 
To the left of the ?rst group of push-buttons 24 are slow and 

fast “scan” push-buttons 80 and 82 (with lights 
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therebeneath), the- functions of which may best be understood 
by considering at this time the interrelationship of the push 
buttons of groups 24 and 50 and the display 14. 
Assuming it is desirable to sequentially monitor and display 

the pressures and temperatures at the various stations which 
have been identi?ed by the push-button numerals 28 through 
48 and 52' through 78, the operator depresses either the slow 
scan push-button 80 or the fast scan push-button 82 (depend 
ing upon the speed at which he wishes to scan the stations). If 
he depresses the fast scan button 82, this button will light upto 
indicate rapid scan and the following events occur. First the 
push button 28 will light up to indicate that the pressure at the 
?rst stage discharge port of the compressor was being moni 
tored, while simultaneously the magnitude of the pressure at 
the first-stage discharge port would appear on the display 
bulbs 16-22. Four seconds later, the light in the ?rst push but 
ton 28 will extinguish, and the light in the second push-button 
30 would become energized indicating that the pressure at the 
second stage discharge port was now being monitored. Simul 
taneously, the readout on the display 14 would change to the 
magnitude of the pressure at second stage discharge port. This 
process continues with each of the 25 stations being sequen 
tially monitored (at 4 second intervals) with the appropriate 
push-button being lit to indicate the channel being displayed. 
Furthermore, unless stopped, the cycling will continue in 
de?nitely. If the oeprator wishes to slow down the scan, he 
would depress the slow scan button 80 which changes the scan 
interval to every 8 seconds rather then every 4 seconds. 
Rather than operating in the scan mode, the operator can 

depress any one of the station push buttons, such that the 
system will switch from the scan mode to the “Hold mode" 
with the station corresponding to the depressed push button 
being continuously monitored and displayed on the bulbs. 
As additional zero test push button 84 is provided in the ?rst 

group of buttons 24 and, as will be further described, should 
produce a zero reading on the display bulbs whenever that 
zero test push button 84 is lit. Therefore, so long as a 0 con~ 
tinues to reappear each time the push button 84 is lit in the 
scan cycle, the operator knows that the system is functioning 
properly. 
A “display test" push button 86 is provided beneath the 

scan push buttons 80 and 82. When this button is depressed, it 
has the affect of causing the display 14 to display 8888 which 
is the maximum utilization of all seven bars in the display 
bulbs 16, 18, 20 and 22. Thus at any time, the operator can as 
sure himself that the bulbs of his display 14 are functioning 
properly. 
On the right side of the display panel 10 is provided an 

"off/on power” push button 88; an alarm reset push button 
90; and ?rst discharge and air banks alarm push buttons 92 
and 94 respectively, the functions of which will be presented 
in greater detail. It is sufficient at this point to note that the 
buttons 90, 92 and 94, and the lights located therein, provide 

- alarmpcapability in the instant invention and indicate that 
preselected parameters have exceeded pre-established limits. 

OVERALL SYSTEM OPERATION 

Turning to FIG. 2, there is shown in schematic block dia 
gram form the monitoring and display apparatus which was 
broadly designated 12 in FIG. 1. The system includes a sensing 
system 96 which, broadly speaking, andas will be further 
described, includes a plurality of transducers 100 each of 
which produces an electrical analog signal representative of 
the particular parameter being sensed by that transducer. As 
was suggested previously, these transducers are located at the 
various points throughout the multi-stage compressor at which 
it is desirable to monitor and display parameters such as pres 
sure and temperature. 
A sequencing system 98 sequentially selects or enables the 

individual transducers 100 such that every 4 or 8 seconds (as 
suming operation in the scan mode) a different transducer will 
pass its analog signal to an analog to digital converter 102. 
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6 
Should it be desirable to operate in the "hold" mode, depres 
sion of the desired push button on the panel 10 of FIG. 1 will 
direct the sequencing system 98 to seek out the appropriate 
transducer 100 in a sensing system 96 and continuously enable 
it to pass its signal to the converter 102. 
At appropriate intervals, transfer logic‘ 104 transfers the 

digital signals from the output of the A-to-D converter 102 to 
storage system 106 from which the signals pass through gating 
logic 108 to shifting logic 110 which directs the information to 
the appropriate display bulbs in the display system 14. As will 
be further described, the function of the shifting system 110 is 
to direct the digital information into the bulbs 18, 20, and 22 
should a three place parameter be displayed (and blank out 
the ?rst bulb 16) or alternatively to direct the infon'nation to 
the three most mathematically signi?cant bulbs 16, 18 and 20 
( and add a 0 to the fourth bulb 22) should a four place 
parameter have to be displayed. 
At the same time that the output of a particular transducer 

was being passed to the A-to-D converter 102, it might also be 
on its way to a comparator system 112 where preselected 
signals from the sensing system 96 (representative of 
preselected stations in the compressor) are compared with 
predetennined safe limits. If these safe limits are exceeded, 
alarm signals are generated on the output lines broadly 
designated 14 of the comparator 112. These alarm signals per 
form a number of functions such as energizing the lights in the 
alarm buttons 90, 92 or 94 on the panel 10 of FIG. 1 to in 
dicate to an operator that an unsafe alarm condition exist. Ad 
ditionally, such alarm signals are passed on to a control system 
1 16 which broadly speaking takes steps to shut down the com 
pressor and/or obviate the particular condition which caused 
the alarm. ' ‘ 

Finally, as mentioned previously, the instant invention has 
memory capabilities in that it will continuously store updated 
values of preselected parameters which it might be useful to 
display at some subsequent point after an alarm situation. 
Thus memory logic 118 of FIG. 2 is provided to permit the in 
formation stored in auxiliary buffer devices of storage system 
106 to be transferred to the display system when it is desired 
to display the retained information. 

SENSING SUB SYSTEM 

As noted, the sensing system 96 includes a plurality of trans 
ducers 100 each of which produces an electrical analog signal 
representative of the magnitude of the parameter being sensed 
by the respective transducer. For the sake of clarity in the 
drawings, only four such transducers have been illustrated in 
FIGS. 4A and 4B: namely, the temperature transducers 1005,, 
10054 and 10018; and the pressure transducer 100”. The sub 
scripts 52, 54, 78 and 28 are intended to indicate that the par 
ticular transducers identi?ed in FIGS. 4A and 4B are located 
about the multi-stage compressor at the various stations which 
have been previously identi?ed in FIG. 1 by a like numbered 
push button. For example, the temperature transducer 100;: 
would be located, according to the indicia on push button 52 
of FIG. 1, at the entrance or suction port of the ?rst stage of 
the multi-stage compressor to sense the temperature 
developed at that point. Although not completely shown in 
FIGS. 4A and 48, it will be appreciated that the sensing 
system 96 utilized in the instant invention would actually com 
prise l4 temperature transducers corresponding in number 
10052 through 10075 and 1 1 pressure transducers correspond 
ing in number to 10028 through 100“. Furthermore, it should 
be apparent that a greater number of transducers can be pro 
vided should it be desirable to monitor more than the 25 sta 
tions considered critical in the multi-stage compressor under 
consideration. Similarly, a less sophisticated piece of equip 
ment might require fewer transducers to provide adequate 
monitoring functions. Also, parameters other than tempera 
ture and pressure can be monitored using different types of 
transducers available in the art. 
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Each of the temperature transducers 10052 through 10018 
comprises a thermocouple preferably of the copper-constan 
tan type, and as such includes a hot junction 120 of these two 
metals. By virtue of the common lines 122 and 124, all of the 
temperature responsive thermocouples share a common 
reference junction 126 which is provided with conventional 
temperature compensation means for correcting for changes 
in ambient temperature conditions. From the point of view of 
operation of these transducers, it is sufficient to note that each 
will produce an analog voltage the magnitude of which will 

‘ represent the particular temperature being sensed at the hot 
junction 120 thereof. 
Each of the pressure transducers 10028 through 100.,a is 

preferably of the strain gage type and as such includes a re 
sistive bridge 128 excited by the common l0-volt lines 130 
and 132. As well known in the art, the bridge 128 of such units 
will become unbalanced to the extent of the pressure applied 
to one pressure responsive resistor thereof and will generate 
an analog voltage signal on the lines 134 and 136 which is 
representative of the pressure sensed. The output lines 134 
and 136 from each pressure transducer are connected through 
normally open contacts such as 15828 to common lines 138 
and 140. 

In their preferred embodiment, each of the pressure trans 
ducers 10028 through 1004,, includes an individual gain adjust 
ment means 142 in the form of a multi-tum minature poten 
tiometer provided with a selectively positionable tap whereby 
the gain of the individual pressure transducers can be in 
dividually adjusted. Similarly, each pressure transducer in 
cludes a zero adjustment means 144 similarly in the form of a 
minature multi-turn potentiometer provided with a positiona 
ble tap. The zero adjustment means 144 is customarily used in 
the initial set up procedure by applying zero pressure to the 
transducers 134 and 136 to generate a zero signal on lines 134 
and 136 which by de?nition represents a zero pressure (at 
mospheric pressure). When this zero pressure is applied, the 
tap of the multi~tum potentiometer 144 is then varied until the 
display system 14 visually presents 0 on its bulbs. 

Finally, each of thepressure transducers includes a filter 
network 146 the components of which are selected to filter 
variations approximately 15 cycles per second and above 
which also happens to be the normal frequency variation in 
the pressure responsive system. Thus, the selection of IS cy 
cles per second eliminates all noise in that frequency range 
while at the same time eliminates undesirable frequency varia 
tions in the transducer output. 

TRANSFER FROM THE SENSING SYSTEM TO THE 
AN ALOG-TO-DIGIT AL CONVERTOR 

As will be described in greater detail, the sequencying 
system 98 of FIGS. ISA-13D includes a plurality of output 
channels 148 which for the sake of uniformity of numbering, 
are designated 14823 through 14818 to suggest the fact that 
each of the output channels corresponds to one of the transdu 
cers in the sensing system 96. Taking output channel 14828 for 
example, it is sufficient to point out at this time that as each 
channel is energized, there will be a low signal, such as illus 
trated at the take off point 148%,, and by virtue of an inverter 
150, there will be high signal (14828”) utilized to turn on a 
transistor 152 which permits the energization of a coil 154 and 
simultaneously the energization of an indicating light bulb 156 
which are in fact the indicating lights positioned beneath the 
push buttons 28 through 78 of FIG. 1. 
The coil 154 of each channel 148 controls a respective pair 

of normally open contacts such as 158,; in the sensing system 
96 of FIG. 43. It is to be understood that each coil 154 of the 
respective output channels 148 controls a similar pair of nor 
mally open contacts in the particular transducer circuit which 
corresponds to that particular channel. 
Also to be described further is the fact that the sequencing 

system 98 includes means for sequentially selecting each of 
the channels 14828 through 14818. Therefore, as each channel 

20 

25 

30 

35 

45 

50 

55 

60 

65 

70 

75 

8 
is energized the following events take place. Considering 
channel 14828 of FIG. 13D as illustrative, high signal 148w, 
turns on transistor 152 and permits the energization of the coil 
154 and the indicating light 156. When coil 154 is energized, 
the contacts 15828 in sensing system 96 controlled thereby, 
close to enable the pressure transducer 100” to pass the pres 
sure representing voltage signal along the common lines 138, 
140 to a pressure ampli?er'160 (FIG. 4A). Thus the signal 
representative of the pressure at the discharge port of the ?rst 
stage of the multi~stage compressor is on its way to be dis 
played by the display system. Simultaneously, the energization 
of the light 156 positioned beneath the push button 28 on the 
panel 10 reading on the display 14 corresponds to the pressure 
at the first stage discharge port. 

Thus, with the system operating in the scan mode, every 4 
or 8 seconds one of the channels will be sensed and displayed. 

In the event a temperature channel such as 14818 happens to 
be energized, its respective coil 154 will be energized to close 
contacts 158,; in sensing system 96, to pass the analog signal 
representative of temperature along common lines 122 and 
124 through the common reference junction 126 and on toa 
temperature ampli?er 162. 
The ampli?ers 160 and 162 are preferably conventional DC 

operational ampli?ers of the integrated circuit type and as 
suggested in FIG. 4A are gain controlled by feedback resistors 
which are externally connected. The ampli?ers raise the mil 
livolt output of the respective transducers to approximately a 
5 volt level which signals are then passed by the following 
described circuitry, to the analog-to-digital convertor 102. 

Speci?cally, whenever a pressure channel (such as 14828 - 
14848) of the sequencing system 98 is energized; the low signal 
produced therein (for example 148m of FIG. 13D) is applied 
to a line such as 164 in the sensing sub system 96 of FIG. 4A 
which, through ‘the inverter 166, applies a high to a transistor 
168 to energize a coil 170 the nonnally open contacts 172 of 
which will close to pass the output of the pressure ampli?er 
160 ‘along the line 174 to the analog-to-digital converter 102 
of FIG. 5. Should a temperature channel such as 1481,, be 
energized, it will be appreciated that no signal will be applied 
to the inverter 166 of FIG. 4A and therefore a low signal will 
appear at its output. However, this low signal is inverted by in 
verter 176 to turn on transistor 178 which in turn brings about 
the energization of the coil 180 whose normally open contact 
pair 182 will close to pass the signal developed at the output of 
the temperature ampli?er 162 on to the line 174 and to the 
analog-to-digital converter 102. It may be pointed out that at 
the output of temperature ampli?er 162 there is provided a 
shaping network 184 to linearize the signal representing tem 
perature. 

ANALOG DIGITAL CONVERSION 

Although not speci?cally illustrated in the block diagram of 
FIG. 2, the system of the instant invention employs a pulse 
generator 186 (see FIG. 12) which produces at output ter 
minals 188, 190, and 192 pulses which are designated “E" 
pulses, “D” pulses, and “F” ulses respectively. The purpose 
of each of these pulses will become further apparent as the 
description of the system unfolds. ' 

Considering the analog-to-digital converter and with 
reference to FIG. 5, 30 times per second an “E” pulse is ap 
plied to the terminal 194 of the Asto-D converter to initiate a 
conversion process. The A-to-D converter is a conventional 
device responsive to analog signals and produces as an output 
three groups of digital signals 196, 198 and 200 each of which, 
in four line binary form, represents one decimal digit of a 
three digit number. 
Each time the conversion process is complete, an end of 

conversion pulse 202 is produced on an output line 204 (see 
also FIG. 6). The manner in which the numbers represented 
,by the three, four line groups 196, 198, and 200 are trans 
ferred to the storage system 106 is controlled by the transfer 
logic 104 in the following manner. 
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TRANSFER LOGIC 

The transfer logic 104 of FIG. 6 includes a ?ip-?op 206 and 
gates 208', 210, 212, 214, and 216 which operates as follows: 
With the generation of a coincidence pulse 220 (to be 
described) ?ip ?op 206 is enabled (to apply one signal via line 
207' to pin 222 of gate 216) such that an end of conversion 
pulse 202 developed on the line 204;passes through gate 208 
and‘ is applied by line 224 as the second enabling signal to gate 
216. Thus, the output line 228 of the gate 216 will go low and 
enable main bu?‘er storage devices 230, 230’ and 230" of the 
storage system 106 of FIG. 7 to receive the respective groups 
of signals 196, 198 and 200. In this manner, each of the main 
buffer storage devices will receive and retain a four bit binary 
signal representing one mathematical place of a three place 
number which, as previously described, corresponds to the 
particular parameter‘ which happens to be monitored at the 
particular instant of time when the end of conversion pulse 
202 was applied to gate 216. In addition the end of conversion 
pulse 202 resets flip flop 206 which then awaits the next coin 
cidence pulse 218. 

It will be appreciated that for the sake of drawing clarity, 
only the four lines 232, 234, 126 and 238 of the signal group 
196 of FIGS. 5 and 6 have been fully shown as directly passing 
to the main buffer storage device 230. Similar connections are 
suggested in FIG. 6 and do, in fact, exist between the signal 
groups 198 and 200 of FIG. 5 and the respective main buffer 
storage devices 230’ and 230’ ' of FIG. 7. 

MEMORY FUNCTION 

As noted previously, it is a feature of the instant invention 
that the last value of preselected ones of the parameters being 
monitored can be stored and subsequently displayed after an 
alarm situation. To that end the storage system 106 of FIG. 7 
includes auxiliary buffer storage devices 240, 240', 240"; 242, 
242’ and 242"; and 244, 244’ and 244”. Before going into 
detail, it might be pointed out that in the instant system, by 
design, the auxiliary buffer storage devices 240, 240’ and 
240" will store the third ‘stage discharge temperature of the 
compressor; auxiliary buffer storage devices 242, 242’ and 
242" will store the fourth stage discharge temperature; and 
auxiliary buffer storage devices 244, 244' and 244” will store 
the ?fth stage discharge temperature. 

Returning to the sequencing system 98 of FIG. 13D, let it be 
assumed that the system is operating in the scan mode in 
which each of the output channels 148 will be sequentially 
energized to perform the functions previously described. 
When the scanning gets up to output channel 14870 for exam 
ple, in addition to the respective coil 154 and indicator 156 
becoming energized, an additional line such as 246 will go 
high to apply a signal to pin 248 of the gate 210 of transfer 
logic 104 of FIG. 6. Therefore, upon the generation of the 
next end of conversion pulse 202 (signifying that the analog 
voltage representative of the 3rd stage discharge temperature 
developed at transducer 10010 has passed through respective 
contacts such as 15870 and has been converted to digital form) 
line 224 will go high, so as to apply an enabling pulse not only 
to the gate 216 of FIG. 6 but also to the gate 210. Therefore, 
with the gate 216 enabled (by the application of pulses on pins 
222 and 226) and gate 210 enabled (by the application of 
signals on lines 246 and 224); the net result is that enabling 
signals appear not only on the output line 228 to enable the 
main bu?’er storage devices, but also on a line 250 to enable 
the third stage discharge auxiliary bu?‘er storage devices 240, 
240' and 240". 

Thus each time the output channel 14870 of the sequencing 
system 78 is energized, the magnitude of the 3rd stage 
discharge temperature will pass to the main buffer devices 
230, 230' and 230" and simultaneously to the auxiliary buffer 
storage devices 240, 240' and 240". To be described sub— 
sequently in the manner in which. this additionally stored in~ 
formation can be displayed after an alarm situation has oc 
curred. 
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10 
A similar operation takes place when channel 1481, of FIG. 

13D energized during a scan cycle ( with the magnitude of the 
fourth stage discharge temperature being transmitted from the 
respective transducer 10012; through the respective contacts 
15812; through the temperature ampli?er 162 and to the 
analog-to—digital converter 102). ‘Thus, in addition to energiz 
ing the coil 154 and indicator light 156 of the output channel 
1481,, an additional line 252 goes high to apply a signal to the 
gate 212 of FIG. 6. Thus, on the next end of conversion pulse 
202, line 224 goes high to enable gate 212 which drives line 
254 high to enable the auxiliary storage buffer devices 242, 
242', and 242" to receive and store the signals representative 
of the fourth stage discharge temperature. At the same time, 
the main bu?‘er storage devices 230, 230', and 230" are ena 
bled by the high signal on the line 228 as previously described. 
Again the net result is to transfer the three groups of binary 
signals representing the fourth stage discharge temperature to 
the auxiliary buffer storage devices as well as to the main 
buffer storage devices. 

Finally, whenever the output channel 148,, of the scanning 
system 98 is energized, so as to sense the 5th stage discharge 
temperature; similar circuitry enables the gate 214 (as well as 
216) such that the magnitude of the ?fth stage discharge tem 
perature will be passed not only to the main bu?'ers 230, 230' 
and 230” but also to the fifth stage auxiliary storage buffer 
devices 244, 244' and 244". 

Summarizing, as the various output channels 14828 through 
14818 of FIG. 13D are sequentially energized, the magnitude 
of the parameters sensed by the corresponding transducers are 
sequentially placed in the main storage buffer devices 230, 
230' and 230”, each device receiving four bits of binary infor 
mation representative of one decimal number. If the particular 
channel energized happens to be one such as 14810, 14872 or 
1487., wherein it has been predecided to store the value of such 
corresponding parameter, the parameter will be additionally 
stored in one of the respective auxiliary bu?‘er storage devices 
such as 240, 242, 244 and their respective primed devices. 

TRANSFER FROM STORAGE TO DISPLAY 

Assuming there is no alarm situation generated in the com 
parator system 112 of FIG. 11, gating circuitry broadly 
designated 108 (FIG. 8) is utilized to transfer the information 
from the main buffer storage devices 230, 230' and 230" to 
the shifting circuitry 110 (FIG. 9) which in turn applies such 
information to the display section 14 of FIG. 10. 
The gating circuitry 108 includes 3 banks of gates 256, 258, 

and 260, one for each of the three decimal numbers. Each 
bank (for example, 260) includes four smaller banks of gates 
such as 262, 264, 266 and 268. Each smaller bank such as 262 
includes four individual gates such as 270, 272, 274 and 276. 
It should be noted that in the interest of simplifying the 
Figures, only one such sub-bank 262 has been illustrated in 
detail, it being understood however, that the following 
description would be applicable to each of the sub-banks 264, 
266, and 268 within a larger group of banks 256, 258 and 260. 
For the sake of explanation, let it be assumed that the main 

buffer storage devices 230, 230’ and 230" presently store the 
magnitude 367 which is representative of the particular 
parameter being sensed. Thus, and considering the main 
buffer storage device 230 which would be storing the decimal 
number 3, output lines 278, 280, 282, and 284 thereof would 
be presented with the bits of information 001 1. Thus, the volt 
age representing “0” on line 278 is passed to one input of the 
gate 270, the other input of which is maintained high by a 
signal appearing, in a manner to be further described, on out 
put line 286 of memory logic circuitry 118. With gate 270 ena 
bled, the “0“ signal appears on line 288. 

Similarly, the voltage-representing the “0" on line 280 of 
buffer device 230, passes through corresponding gate 270’ of 
bank 264 such that a “0" voltage appears on the output line 
290. In like manner, the “ l ‘s” appearing on lines 282 and 284 
are transferred through the corresponding gates 270 (not 
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shown) of banks 266 and 268 such that the respective “1" energive the seven bar display bulb 20in accordance with the 
signals appear on the lines 292 and 294 of bank 256. In this magnitude of the decimal number represented by the group of 
manner the four bit binary representation of the decimal num- signals on the lines 298. 

beral “3" has been transferred from the main storage bu?‘er Since it has been assumed that the display system 14 is 
device 230 through the gating logic 108. 5 presenting a four place mathematical ?gure, means must be 

Similar events take place with respect to the main bu?‘er provided to cause the fourth display bulb 22 of FIG. 10 to dis 
storage devices 230’ and 23" such that the second and third play a 0. This is accomplished by applying on overriding “0” 
decimal numbers will appear on the four line groups 296 and signal at the input terminal 367 of the fourth four bit-to-seven 
298 at the output of the banks 258 and 260. converter 368 which signal is derived from a line 369, which is 

10 high whenever the line 314 of ?ip-?op 310 of FIG. 9 is high, 
SHXFHNG LOGIC indicating, as noted previously, that a four place number is to 

be displayed. This “0” regardless of the fact that the group of 
signals broadly designated 298 are simultaneously being ap 
plied to the gates 370, 372, 374, and 376 of FIG. 9. In effect, 
the “0” signal on the line 369 over powers the signals which 

As may be appreciated from the description thus far, the in 
stant invention produces at the output of the gating circuitry 
108, a three digit number (represented in binary form). How- 115 
ever, some of the parameters being monitored require-four 
mathematical places to represent them (i.e., their magnitude 
is greater than 999), while others of the parameters require 

1 . ' ' - ' . - 20 

('. e ' less tha" 999 '" mawmde) Thus’ means must be P” 300 through 306 of the shifting logic 110 of FIG. 9 such that 

the ?ip ?ops 310 and 312 will be switched and the respective 
pairs of lines 314, 316; 318, 320 will reverse their high and low 
condition respectively. Thus, dealing with the group of signals 

2 5 broadly designated 296, it will be seen that when line 314 goes 
low, gates 340, 342, 344, and 346 will be disabled, while 
(because line 320 has gone high) gates 348, 350, 352 will be 
enabled. Therefore, the signal represented by group of lines 
296 will be shifted one place and be passed through the last 

30 mentioned gates to the four bit-seven bit converter 366 of 
FIG. 10 whereby appropriate signals will then be applied to 

bulb: namely bulbs 16, 18, and 20 (and force a “ " on bulb 
22) if a four placed parameter is to be displayed; or bulbs 18, 
20 and 22 (and blank the display bulb 16) if a three placed 
parameter is to be displayed. 

In the instant system, it is known that the fourth stage 
discharge pressure, the ?fth stage discharge pressure, the air 
banks pressure, and the accumulated pressure may all have a 
magnitude of 1,000 or greater psi. Therefore, whenever one of 
these stations is being monitored, the shifting logic 110 of FIG. 

9 must provide that the three decimal numbers (represented the Seven bar display bulb 20 

in binary form) appearing at the output of the gating circuitry Similarly when line 318 of ?ip ?op 312 goes low gates 358 
108 be shifted directly to the bulbs 16, 18 and 20 and means 360 ‘362 and 364 will be d- ’ - . ’ 
must be provided for causing the least mathematical signi?- 35 ’ 

cant bulb 22 to display a “0". Should any other station be the gates 370’ 372, 374 

monitored, the shifting circuitry must be such as to direct the converter 368 of FIG 10 and the“ to the Seven bar display 
""3" Place quantity ‘° the bulbs 18' 2°’ and 22 and al" bulb 22. (Ofcourse the high line 369 ofFIG. 10 now goes low 

' propriate means must be provided to blank out the most because line 314 of?lp?op 310 has gone low), 
mathemaucauy slgnf?cam dlsplay bulb 16‘ _ 40 With respect to the 0011 signal appearing on lines 288 
As discussed previously, whenever one of these four stations through 294, these Signals will be applied thmuglnhe gates 

are being monitored, the corresponding output channel of the 322, 328, 330 and 322 to the four blt_to_seven bit Convener 
sequencing system 98 of FIG. 13D (i.e., output channels ‘340 of FIG 10’ and illsO to the converter 356 through the 
1483,; 1483,; 14838; 148“) will be energized so as to apply the gates 326, 334, 336 and 338 which are enabled by the high 
corresponding 10w slgna] (14834L’_l48361-’ 148351‘) 1_4848'-)_t° the 45 now appearing on line 316. However, a blanking signal carried 
line 300, 302, 304, or 306 respectively of the shifting logic 110 by the line 378 of FlG. 10 will be applied to the converter 340 
of FIG. 9. In response to the application of such a low signal, 110 override thé signals being applied by gates 324, 328, 330 
gating circuitry designated 308 influences a pair of flip ?ops , and 332, It may be appreciated that the high appearing on line 
310 and 312 to produce high and low signals respectively on 378 of Fla 10 and being applied to the converter 340 at an 
the lines 314. 316; 318. 320 to perform the following ?mC- 50 input terminal 380 thereof, is derived from the high which 

llQlls- _ _ _ now appears on the line 320 of the flip ?op 312 by virtue of 
Assllllllllglhal a foul‘ Place Parameler ls to be dlsplayedt a the fact that a three place number, and not a four place 

high appears on the line 314 to enable gates 340, 342, 344, number, is being Sense _ 

346; and a high on line 318 enables gates 358, 360, 362 and 55 ll will be appreciated that by virtue of the "blanlw and " 
364- Similarly, a low will appear on the line 316 to disable zero" signals utilized on the lines 378 and 369 respectively, it 
Sales 326, 334, 336, 333 and a low 0" line 320 dlsables Sales is: possible to eliminate the duplicate set of gates which were 
343, 350i 352, and 354- Gales 324, 328i 330 and 332 are al- required for the middle two mathematical places. Further 
Ways enabled and, accordingly the slgllal 0011 representing more, such arrangement compensates for the fact that certain 
the decimal number 3 will be shifted directly through the gates 60 of the transducers (monitoring pressures over 1,000 psi) have 
324, 323, 330 and 332 to a foul‘ bll-lo-sevell line Converter adifferent output sensitivity. Thus the output of these transdu 

converts the fOul' information into cars di?'ers from those monitoring less than psi a fag. 
corresponding seven line information which in turn is applied tor of 10 for which the shifting logic inherently compensates. 
to the seven bar display bulb 16 which will thereby display the Finally, with respect to the display, it was noted previously 
decimal number 3 on the bulb 16. 65 that there is a display test push button provided on the panel 
With the gates 340, 342, 344 and 346 enabled by the high 10 of FIG. 1. This push button 86 shows diagramatically in 

on line 314, the signals appearing on the group of lines broadly FIG. 10 and when depressed, in?uences gating broadly 
designated 296 will pass directly to a second four bit-to~seven designated 382 to develop high signals on the lines 384, 386, 
converter 356 of FIG. 10 which in turn will apply appropriate 388 and 390. These high signals are applied to the respective 
signals to the second display bulb 18 which will display the 70 input terminals 392, 394, 396 and 398 respectively to cause 
decimal number represented by the group of 296- the converters to apply high signals to each of the seven inputs 

Finally, the high signal on line 318 will enable gates 358, of each of the bulbs 16, 18, 20, and 22. The net result is that 
360, 362 and 364 such that the signals on the group of lines the display will read 8888 whenever the display push button 
broadly designated 298 will pass directly to a four bit-to-seven 86 is depressed. Should any bar lights be out when that button 
bit converter 366 which will produce the necessary signals to 75 is depressed, it will become immediately apparent. 




































