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[57) ABSTRACT

A data acquisition system utilizing a microcomputer
and incorporating a plurality of monitors each adapted
to produce an electrical signal indicative of a physical
condition of apparatus to be monitored. The electrical
signals are fed via multiplexing equipment and analog-
to-digital converters into the microcomputer which is
equipped with print-out means. The system 1s such that
the level of any one or all of the signals from the respec-
tive monitors can be printed out as well as a change 1n
the condition of any signal. Means are incorporated into
the computer for calculating and printing the trend (i.e.,
the slope of a plot of signal amplitude versus time) of a
succession of stored signals from any monitor which
would indicate a probable malfunction of a device being
monitored and the probable time to failure. In the case
where the signals from the monitors comprise, vibration
signals, the system performs an automatic frequency
spectrum analysis whenever a probable or actual mal-
function 1s detected.

20 Claims, 6 Drawing Figures
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Re. 31,750

1
DATA ACQUISITION SYSTEM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue.

While not limited thereto, the present invention is
particularly adapted for use in monitoring vibrations
produced by rotating or other types of machinery in a
complete industrial installation, such as'a refinery. By
monitoring vibrations in this manner, malfunctions and
probable future failures of any machines within the
industrial installation can be readily ascertained; and
corrective action can be taken immediately and before a
breakdown or possible dangerous condition occurs.

There are at present essentially two types of data
acquisition systems—the dedicated minicomputer sys-
tem and the simple data logger. Computer systems gen-
erally include disc memory for data storage, CRT ter-
minals for display of data and line printers for hard copy
of data. As a result, they require a relatively large capi-
tal investment. While simple data loggers are relatively
inexpensive, they offer simple functions only such as
logging data and comparing the data to setpoints.

SUMMARY OF THE INVENTION

In accordance with the present invention, a data ac-
quisition system is provided which does not require a
large capital investment but which, nevertheless, is
capable of printing out complete system information
including a malfunction of any one of a number of dif-
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ferent devices being monitored, the time to failure of ;¢

any piece of equipment being monitored, and an analy-
sis of the input information. In the case where the inven-
tion is used in a vibration monitoring system, it performs
the functions of automatic channel data logging, fre-
quency spectrum analysis, and vibration level trend
prediction. Each of these functions additionally may be
manually selected for each individual monitor or chan-
nel via front panel controls. A built-in system fault de-
tection circuit is used which will respond to either an
internal or circuit fault or to an external system alarm
relay closure. Data readout is obtained via a self-con-
tained dot-matrix printer assembly.

All functions of the data acquisition system of the
invention are under the control of an internal mi-
crocomputer which continuously samples data from a
plurality of monitors. At each monitor, vibration input
signals are obtained directly from velocity pickups,
self-amplified accelerometers, noncontact signal sensors
or from accelerometer preamps. In addition, direct
current signals proportional to vibration level or ampli-
tude and trip alarm signals are obtained from the moni-
tors, these latter signals being derived by comparision of
the actual vibration signal with reference signals pro-
portional to preselected alarm and trip levels.

The system automatically indicates, via the computer
print-out, those channels which go into a trip condition
within a preselected time span. That is, the time to fail-
ure is calculated and displayed via the print-out. Each
channel’s “look ahead” time may be selected with a
user-programmable jumper board within the computer.
Additionally, trend prediction for any individual chan-
nel or monitor may be manually requested at any time
via front panel trend and channel selection switches.
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The system also incorporates frequency spectrum
analysis circuitry which provides frequency spectrum
sampling of input vibration signals over a wide range of
frequencies in 1/20 octave steps. Only those frequencies
whose amplitudes are greater than 10% of full scale are
listed on the paper tape computer print-out, along with
the overall vibration level. Vibration analysis is per-
formed automatically upon receipt of a trip or alarm
signal, for a calculated trend alarm for any channel, or
at preset intervals. The paper tape print-out indicates
which channel has gone into a fault condition and what
that condition was (i.e., trip, alarm or trend alarm) as
well as a change in any channel’s condition.

The above and other objects and features of the in-
vention will become apparent from the following de-
tailed description taken in connection with the accom-
panying drawings which form a part of this specifica-
tion, and in which:

FIGS. 1A and 1B (hereinafter referred to together as
“FIG. 1”) comprise a schematic block diagram of the
data acquisition system of the invention;

FIGS. 2 and 3 graphically illustrate the manner in
which successive sampled vibration level signals are
stored in the computer of the acquisition system and the
manner in which a trend (i.e., time to failure) 1s deter-
mined; and

FIGS. 4 and § graphically illustrate the operation of
the voltage tuned filter utilized in the spectrum analyzer
of the invention.

With reference now to the drawings, and particularly
to FIG. 1, the data acquisition system shown includes
forty-eight channels or monitors for monitoring a physi-
cal condition of a device to be monitored. Only monitor
Nos. 1 and 48 are shown in the drawing and are identi-
fied by the reference numerals 10 and 12. It will be
further assumed for purposes of explanation that the
data acquisition system is to be used in a vibration moni-
toring system. Thus, each monitor, such as monitor 10,
is connected to a vibration pickup 14 in contact with a
bearing of a rotating member 16, for example, and
adapted to produce either a displacement, velocity or
acceleration vibration signal. Pickup 14 i1s connected
through an amplifier 18 to a rectifier 20 which will
produce an essentially steady-state direct current output
signal on lead 22-1 which 1s applied to one input of a
first multiplexer 24. Similarly, each of the other moni-
tors will apply an input to the multiplexer 24, only the
lead for the last monitor 48 being shown in the drawing
and identified by the reference numeral 22-48.

The oscillatory vibration signal from the pickup 14 1s
also applied directly via lead 26-1 to a second multi-
plexer 28. The same is true of the remaining monitors,
the oscillatory signal for the last monitor 12 being ap-
plied via lead 26-48 to multiplexer 28. Each of the moni-
tors also incorporates first and second comparators and
relays 30 and 32. In comparator 30, for example, the
direct current signal from rectifier 20, representing the
amplitude of the vibration signal, is compared with a
direct current signal from D.C. reference voltage
source 34. If the direct current signal from rectifier 20
equals or exceeds the magnitude of the signal from
source 34, then a relay is actuated to produce a steady-
state direct current signal on lead 36-1 connected to the
input of a third multiplexer 38. The amplitude of the
direct current signal from rectifier 20 at which the relay
1s closed to energize lead 36-1 1s chosen arbitrarily and
represents that amplitude of the vibration signal which
signifies an alarm condition (i.e., an imminent malfunc-
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tion). Similarly, the output of rectifier 20 is compared
with a direct current signal from D.C. reference voltage
source 40 in the comparator and relay 32, the arrange-
ment being such that when the amplitude of the vibra-
tion signal reaches a point where the device being moni-
tored should be shut down, the relay is actuated to
energize lead 42-1. This trip signal on lead 42-1 1s also
applied to the third multiplexer 38. Even though the
equipment in question may be shut down automatically
upon receipt of a trip signal, ordinarily sufficient mo-
mentum of the rotating parts, for example, will keep the
parts rotating for a sufficient period of time to permit a
meaningful spectrum analysis and data log to be taken.
Alarm and trip signals are also applied to the multi-
plexcr 38 from each of the other forty-seven monitors,
the alarm signal from monitor 12 being on lead 36-48
and the trip signal from monitor 12 being on lead 42-48.

Included in each monitor, such as monitor 10, is an
external fault detector 44 adapted to detect faults such
as a change in impedance due to breakage in the cable
leading to the pickup 14 or an inaccurate gap for a
non-contact vibration pickup such as that shown in U.S.
Pat. No. 3,707,671. Whenever an external fault occurs,
a signal is applied to the trip lead 42-49, common to all
monitors, and applied to the multiplexer 38. As will be
seen, in the particular embodiment of the invention
shown herein, the occurrence of an external fault at any
monitor causes a printer to print-out “SYSTEM
ALARM” without identifying the channel from which
the fault signal was derived. This must be derived by
manual examination of each monitor.

A manual programmer 46, comprising an internal
jumper board, allows manual selection of individual
channel parameters such as trip level setpoint for trend
prediction and full-scale range for each channel, along
with appropriate units of measure such as mils, inches
per second or G’s. A selection of sixteen combinations
of (i.e., four binary bits) full-scale range in engineering
units is provided for each channel. These sixteen
choices, specified by the user of the data acquisition
system, are coded into the custom-programmed module
or programmer 46 which forms part of the internal
computer memory. The jumper board allows individual
channel selection to any one of sixteen choices. In addi-
tion, functions common to all forty-eight channels may
be selected on the jumper board 46, such as repetition
rate of automatic data log print-out and *‘time until trip”
setpoint of a trend alarm. Each of the inputs from the
programmer 46 passes through a digital muitiplexer 48
to a computer 50 along with the inputs from multiplex-
ers 38 and 24.

The multiplexer 48 is controlled from the computer
50 by means of a nine-bit address input 32. Similarly,
multiplexer 38 is controlled so as to select a particular
input channel monitor via a seven-bit address input 54.
Multiplexer 24 is controlled by a six-bit address input
§6; however the output of the multiplexer 24 must pass
through an analog-to-digital converter 88 before being
fed into the digital computer 80 since the signals on
leads 22-1 through 22-48 are direct current signals
whose magnitudes are proportional to the magnitudes
of the vibration signals being monitored. The multi-
plexer 28, to which the oscillatory vibration signals on
leads 26-1 through 26-48 are applied, is also controlled
by a six-bit address input 60. A strobe input is applied to
each of the multiplexers 24 and 28 via leads 62; while an
end of conversion signal from each of the analog-to-
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4

digital converters 58 and 84 is fed back into the com-
puter via leads 64.

The oscillatory vibration signals at the output of the
multiplexer 28 are applied to the novel spectrum analyz-
ing apparatus of the invention, enclosed by broken lines
in FIG. 1 and identified generally by the reference nu-
meral 66. It comprises a single-double integrator 68
controlled by a signal from the computer 50. It is de-
sired to perform a spectrum analysis on a vibration
displacement signal. Hence, if the signal detected by
any monitor is not a displacement signal but rather a
velocity signal, a single integration is performed to
convert it to a displacement signal. On the other hand,
if the signal produced by a monitor is an acceleration
signal, a double integration is performed to convert the
acceleration signal to a displacement signal.

From the sixteen combinations selected by the man-
ual programmer 486, it is known whether or not integra-
tion is required and the gain required for amplifier 70.
For example, if channel No. 21 is programmed in mils
(i.e., displacement), a single integration is required to
convert a velocity signal in inches per second to mils.
Additionally, the gain of amplifier 70 is adjusted to give
a full-scale output for the particular vibration pickup
used. For example, if a velocity pickup for channel. No.
10 has an output of 764 millivolts RMS per inch per
second peak, then the amplifier gain must be ten to
achieve a 7.64 volt full scale output required for a peak
detector 80 adapted to detect a peak voltage of 10 volts,
as dictated by an analog-to-digital converter 84,

The output of the integrator 68 is coupled through
the programmable gain amplifier 70 to the input of a
voltage tuned filter 72 which has a passband which
sweeps through the éxpected range of frequency com-
ponents of an incoming vibration signal. The operation
of the voltage tuned filter is schematically illustrated in
FIGS. 4 and 8. The passband of the filter, indicated by
the reference numeral 74 in FIG. 4 is caused to sweep
through a frequency range of 600 cycles per minute to
600,000 cycles per minute. This sweep takes a total of
twenty-four seconds. However, in order to obtain a
good frequency sample, it is necessary to have the pass-
band dwell at each frequency being sampled for at least
2 cycles of the selected frequency. The dwell times are
shown in FIG. § and it will be noted that the dwell time
for each frequency is 2 divided by the selected fre-
quency. Thus, at the lowest frequency of 600 cycles per
minute (10 cps), the dwell time is about 1/5 of a second.
The dwell time for each successive step decreases until,
at a frequency of 6000 cycles per minute, for example, it
is 1/50th of a second. The time to sweep through the
band of frequencies from 600 to 6000 cycles per minute,
as shown in FIG, 4, is about eighteen seconds; however
the time required to sweep through the band between
6000 and 60,000 cycles per minute is only four seconds;
and the time to sweep through 60,000 cycles per minute
to 600,000 cycles per minute is only about two seconds.

The manner in which the passband sweeps through
the spectrum is controlled via address inputs or bits on
lead 76 from the computer 80 applied to the voltage
tuned filter 72 through a digital-to-analog converter 78,
Signals passing through the voltage tuned filter are
applied to the peak detector 80, the arrangement being
such that only those frequencies whose amplitudes are
greater than 10% of the full-scale value as determined
by the internal computer program will be listed in the
computer print-out. The peak detector 80 is reset by
signal on lead 82 from the computer prior to each fre-
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quency sample derived from the voltage tuned filter 72.
From the peak detector 80, the signal passes through
the analog-to-digital converter 84 to the computer $0.
The computer 50 includes the usual input-output inter-
face 86 connected to a central processing unit 88, the
central processing unit 88 being controlled by a read-
only memory comprising the computer program 90 and
a random access memory 92. The input-output interface
is also connected to a printer 94.

In addition to automatic functions, it is also possible
to manually obtain data from any monitor or channel] by
means of touch switches 96 and 98. In the illustration
given in FIG. 1, for example, the switches 96 and 98
have been adjusted to receive information from channel
17. After the channel is selected, a system test can be
achieved by depressing touch switch 100. Similarly, a
data log can be achieved by depressing touch switch
102 and a spectrum analysis can be achieved by depress-
ing switch 104. Finally, a trend analysis can be achieved
from any monitor by depressing touch switch 106, these
switches being connected through a touch switch inter-
face 108 to the computer 50. When touch switch 100 is
depressed, a test voltage source 110, for example, will
apply test voltages to two selected channels.

A flow diagram of the computer program utilized
with the invention is as follows:

DECLARE ALL VOLTAGES
TO BE READ INTO STORAGE
|
CONSTRUCT TABLE OF
FREQUENCIES TO BE
PRINTED OUT (Read-only memory)
}
CONSTRUCT TABLE OF
TUNING VOLTAGES FOR
VOLTAGE TUNED FILTER
67 tenth-octave filters (Read-only memory)
!
ACTIVATE DC
MULTIPLEXING (MULTIPLEXER 24)
!
READ INTERNAL
CIL.LOCK - HOURS
& CALCULATE DAYS through 365
|
SELECT CHANNEL # FOR MANUAL
ANALYSIS AND TREND

|
TEST ALARM STATUS

!
ACTIVATE DIGITAL
MULTIPLEXERS 38 and 48

‘
ACTIVATE STATUS FILE

|
ESTABLISH TREND
ALARM (same time for all channels)
{
READ IN FULL SCALE
& ENGINEERING UNITS
I
ESTABLISH DATA LOG
SCHEDULE PRINT-QUT
l
ESTABLISH AUTO DATA
1.OG PRINT-OUT
ESTABLISH AUTO
ANALYSIS PRINT-OUT
|
SCALING FACTOR FOR
FULL SCALE
MANUAL DATA LOG
INPUT COMMAND

l
MANUAL TREND

l
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-continued

MANUAL ANALYSIS

|
CALCULATE TREND
FOR ALL CHANNELS
& STORAGE WITH last
5 Hourly Readings

!
COMPARE WITH
ESTABLISHED TREND
ALARM

|
ANALYSIS PRINT-OUT

!
DATA LOG PRINT-OUT

|
TREND ALARM PRINT-OUT

!
SYSTEM ALARM PRINT-OUT

The first step in the program is to declare all variables
to be read into the random access memory 92 and their
location in storage. This includes direct current ampli-
tude signals from multiplexer 24, the signals from man-
ual programmer 46, and the trip and alarm signals from
multiplexer 38. A table of frequencies to be printed out
in each spectrum analysis is then constructed from data
permanently stored in the read-only memory 90. This
table 1s the same for all channels; however only those
frequencies will be printed out which exceed 10% of
full scale in amplitude. The next step in the program is
to construct a table of tuning voltages derived from the
read-only memory 90 for the voltage tuned filter 72, this
corresponding to the table of frequencies to be printed
out. Direct current multiplexing by multiplexer 24 is
then activated; whereupon each of the direct current
amplitude signals from the multiplexer 24 is sampled in
successton. This is followed by a reading of the internal
clock in hours and days, the days being calculated from
accumulated hours. The internal clock is capable of
indicating the day of the year from 1 through 365 as
well as time of day up to 24 hours.

The following step in the program is to select a chan-
nel for manual frequency analysis or trend analysis. In
this phase, the central processing unit 88, activated by
touch switches 96 and 98, is conditioned to receive
signals from a single channel to perform a spectrum
analysis upon depression of touch switch 104 or a trend
print-out upon depression of touch switch 106. Thereaf-
ter, a test alarm status is performed by momentarily
altering internal test voltages. The print-out will indi-
cate system alarm and system normal as test voltages
are altered, then returned to normal. This step insures
that the internal computer circuitry is operating prop-
erly. The digital multiplexers 38 and 48 are then acti-
vated to read-in alarm and trip signals as well as infor-
mation from the manual programmer 46. A status file is
then activated to store normal, alarm and trip signals
and to determine whether there has been a change in an
alarm, trip or normal signal. Following this, the trend
alarm is established, which is the time to failure (i.e.,
trip) of a particular unit being monitored. Generally,
this time will be the same for all channels.

The next step in the program is to read in full-scale
units for each monitor and the engineering units from
the manual programmer 46. This determines: (1) the
time period between scheduled automatic data log
print-outs (i.e., one hour, eight hours, etc.); (2) data log
print-out upon receipt of a trip, alarm or trend alarm
signal; and (3) automatic spectrum analysis print-out
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upon receipt of a trend alarm, a trip signal, or an alarm
signal. A scaling factor for full scale is then entered
which corrects the stored overall value for full-scale
readings. This is followed by the manual data log, man-
ual trend and manual analysis input commands. At this 5
time, the conditions of switches 100-106 are examined
by the central processing unit 88 to determine if a manu-
ally-activated print-out has been commanded. The
alarm trend for all channels is then computed and stored
with the last four hourly-readings of vibration level 10
from multiplexer 24.

FIGS. 2 and 3 illustrate the manner in which the
trend alarm is calculated. From FIG. 2, it can be seen
that the vibration amplitude from a particular monitor
has risen over five successive hours. At the 6th hour, 13
the signal received at the first hour is removed from
storage and the 6th-hour signal is inserted. However,
before the first-hour signal is removed, it 1s averaged
with the first through fifth-hour signals. Likewise, the

second through sixth-hour signals are averaged. From 20

these two averages, the computer establishes, in effect,
a straight line 112 and calculates the slope of that line.
Whether or not an alarm trend signal will be generated
is achieved by calculating, through a simple trigono-
metric relationship, the time between the last average 23
point and an intersection of line 112 with an established
trip setpoint 114. If the calculated time 1s equal to or less
than a predetermined time stored in the random access
memory 92 (which is the same for all channels), then
automatic input-output occurs for the channel in ques- 30
tion as well as a vibration analysis for that channel and
a data log on all monitors associated with a piece of
equipment from which the trend alarm was signaled.
The final steps in the program comprise analysis print-
out, data log print-out, trend alarm print-out and system 3>
alarm print-out, in which steps the printer 1s com-
manded to print-out data stored in the random access
memory 92

Typical print-outs from the printer 94 under certain

conditions are as follows: 40
CONDITION PRINT-OUT
Normal Periodic Data Data Log 1b17 ¢p25
Log or On Command &1 $.15 G 45
Via Touch Swiich &2 $.10G
$3 ¢.81 MIL
b4 $.07 1/8
¢S5 $.18 MIL.
47 $.25 MIL
48 ¢.30 MIL 50
Spectrum Analysis Analysis 2¢31 d9¢ CH2I
on Command Via Overall $.8 1 MIL
Touch Switch 1476 d.1 2---
1582 ¢.1 9e-eo
1696 b4 3--a--
1817 $.3 9eree-
1946 b.t 6 35
3163 ¢.2 2-----
3391 $.2 Bonene
3614 100 .1 B---
4171 $.1 b
$8dd ¢$.1 ¢--
5146 ¢.1i-- 60
689¢ b.1 2---
Trend on Command TREND ALARM 1412 693 CHIS
via Touch Switch INF HOURS TO TRIP
Automatic Vibration Analysis bld7 IPCHI
Analysis & Data Log  Overall $9.3 MIL
Upon Receipt of 1378 $2.5 MIL------ 65
Alarm or Trip Signal 1582 $b1.7 MIL----
1817 4.6 MIL-----------
6430 4.1 MIL-—-ee--
DATA 1L.OG

8

-continued
CONDITION PRINT-OUT

$3 5.0d MIL A*TD
&4 .07 1/S
$11 1.641/S T*TD
$24 $.78 MIL
$25 6.22 MIL A*
SYSTEM TEST SYSTEM ALARM ¢815 225
SYSTEM NORMAL ¢816 225

The first print-out above is normal periodic data log
or a data log which can be on command via the touch
switch 102. The number 1017 indicates that the print-
out occurred at the 10th hour and 17th minute of the
day in question; and the number 025 indicates that the
print-out occurred on the 25th day of the year. The
condition of each channel 1s printed out beneath the
date and time. For example, channel No. 1 prints out
0.15 G’s. The arithmetic unit involved for this particular
channel was determined by the manual programmer 46
as are the arithmetic units for all of the other channels.
Channel No. 3, for example, prints out 0.81 MILS
whereas channel No. 4 prints out 0.07 inch per second
and represents a signal derived from an accelerometer
pickup.

The next print-out represents a spectrum analysis for
a particular channel on command via the touch switch
104 of FIG. 1. The print-out shows that the analysis
occurred at the 20th hour and 31st minute of the 90th
day of the year and i1s for channel No. 21, this being
determined by the touch switches 96 and 98 in FIG. 1.
The print-out shows that the overall signal level (i.e.,
for all frequencies) is 0.81 MIL. Following this 1s a
print-out of the specific amplitudes at various predeter-
mined frequencies which are initially determined in the
manual programmer 46. In the example shown, samples
are taken at 1476, 1582, 1696, etc. cycles per minute.
From this analysis, and from previous experience with
the vibrating equipment in question, the general condi-
tion of the equipment can be determined. For example,
excessive amplitude at one frequency can indicate a
lubrication problem. The tips of the dashed lines to the
right of the amplitude readings give an approximate
visual representation or plot of the spectral response of
the input signal. Each dash represents a full 0.04 mil
amplitude such that the line for 0.43 mils, for example,
contains 10 dashes, that for 0.39 mils contains 9 dashes,
€1c.

The next two print-outs in the foregoing example are
trend on command via the touch switch 106 of FIG. 1
and an automatic trend alarm. In the trend on com-
mand, the print-out indicates that for channel 15, prese-
lected via the switches 96 and 98, there are an infinite
number of hours to trip at 10:12 A.M. on the 95th day of
the year and that the equipment being monitored 1s
operating satisfactorily. The next print-out ts an auto-
matic vibration analysis and data log upon receipt of an
alarm or trip signal from any monitor. This automatic
analysis occurred on the 310th day of the year at 1:.07
A M. for channel 11. Following the print-out of the
vibration analysis at preselected frequencies is a data log
for only those monitors associated with the equipment
from which the alarm or trip signal was received on
channel 11. These comprise monitors 3, 4, 11, 24 and 25
preselected in the manual programmer 46. The “T™ for
channel 11 shows that this channel went into a trip
condition and the “A” for channel 3 shows that this
channel went into an alarm condition. The “TD” signi-
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fies that both channels 3 and 11 are in a trend alarm
condition also. The asterisk indicates a change in that
channel’s condition. When the fault condition is reset,
an automatic data log will follow, with only the asterisk
present (i.e., without the “T”, “A” or “TD"” designa-
tions).

Finally, a system test print-out occurs when touch
switch 100 is depressed. As was explained above, the
system test provides for checking of internal circuit
faults sensing by momentarily altering the internal test
voltages via the touch switch 100. The print-out indi-
cates system alarm and system normal as test voltages
are altered, then returned to normal. An automatic
system alarm occurs when an external monitor system
circuit fault relay is energized while a system normal
will result when the external relay is released. Also, an
automatic system alarm occurs if a malfunction in the
data acquisition system is detected. A system normal
will result when the malfunction is corrected.

Although the invention has been shown in connec-
tion with a certain specific embodiment, it will be
readily apparent to those skilled in the art that various
changes in form and arrangement of parts may be made
to suit requirements without departing from the spirit
and scope of the invention.

I claim as my invention:

1. In a data acquisition system, the combination of a
plurality of monitoring devices each adapted to pro-
duce an electrical signal indicative of a physical condi-
tion of apparatus to be monitored, computer apparatus
including memory means and print-out means, multi-
plexing means for feeding each of said signals from the
respective monitoring devices to said computer appara-
tus, means for periodically storing at least selected ones
of said electrical signals from each monitoring device in
said memory means, a said selected electrical signal being
characterized as representative of a plurality of signal am-
plitudes substantially corresponding with the entire fre-
quency response range of a said monitoring device, means
in said computer apparatus for [computing from the
trend of a characteristic} performing a trend analysis on
the basis of historical data consisting of said representative
amplitudes of the stored electrical signals from each
monitoring device wherein the probable time to failure
of the monitored apparatus from which those signals
were derived [, ) is computed, said trend analysis being
performed on the basis of a predetermined restricted num-
ber of said stored signals and [ means responsive to said
determining means] said computer apparatus including
means for causing said print-out means to print indicia
indicative of the probable time to failure.

2. The system of claim 1 wherein the oldest stored
said selected signal is removed from the memory means
each time a new selected signal is fed into said memory
means.

3. The system of claim 1 including means for sensing
an alarm condition of a said selected signal from each
monitor indicating a probable malfunction of the appa-
ratus being monitored and for producing a steady-state
alarm signal, means for sensing a trip condition of a
selected signal from each monitor and for producing a
steady-state trip signal indicating that the apparatus
being monitored should be shut down, multiplexing
means for [feeding] inputting all of said alarm and trip
condition signals to said computer [means] apparatus
and apparatus within said computer [ means] apparatus
for actuating Jthe] said print-out means to print the
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existence of an alarm or trip [signal] condition and an
identification of the monitor from which it was derived.

4. The system of claim 1 wherein said selected electri-
cal signals indicative of a physical condition [com-
prise] are derived from vibration signals, and [includ-
ingJ wherein means are included for performing a spec-
trum analysis on a vibration signal from a monitor.

5. The system of claim 4 including means for actuat-
ing said print-out means to print selected ones of the
frequencies in said vibration signal and the amplitudes
of said selected frequencies.

6. The system of claim 4 wherein said means for per-
forming a spectrum analysis includes a voltage tuned
filter which samples selected ones of the frequencies in
the vibration signal.

7. The system of claim 1 including means in said
computer [ means] apparatus for causing said print-out
means to print the status of each electrical signal indica-
tive of a physical condition and an identification of the
monitor from which each signal was derived.

8. A vibration analyzing monitoring system compris-
ing a plurality of vibration pickups each adapted to
produce an oscillatory electrical vibration signal de-
rived from a device being monitored, monitor devices
incorporating rectifiers for producing direct current
signals proportional to the amplitudes of the vibration
signals, computer apparatus including memory means
and print-out means, an analog-to-digital converter and
a multiplexer for feeding into said computer apparatus a
succession of digital signals representing the amplitudes
of the direct current signals, means for periodically
storing at least selected ones of the digital signals from
each monitor device in said memory means, apparatus
in said computer apparatus for computing from a [plu-
rality] predetermined restricted number of stored digital
overall amplitude signals which are characterized as rep-
resentative of a plurality of signal amplitudes substantially
corresponding with the entire frequency response range of a
said vibration pickup, and which are increasing in magni-
tude the probable time to failure of a vibrating device
from which said stored signals were derived, and means
in said computer apparatus for actuating said print-out
means to print-out the time to failure thus computed.

9. The monitoring system of claim 8 including means
for storing in said memory means a condition of the
computed time to failure for each monitor at which a
trend alarm should be signaled, and means for automati-
cally actuating said print-out means to print the time to
failure whenever said stored condition 1s exceeded.

10. The monitoring system of claim 8 including means
for automatically actuating said print-out means period-
ically to print the magnitude of the stored signals repre-
senting vibration amplitude from each monitor device.

11. The monitoring system of claim 8 including means
for sensing an alarm condition of a signal from each
monitor indicating a probable malfunction of the appa-
ratus being monitored and for producing a steady-state
signal, means for sensing a trip condition of a signal
from each monitor and for producing a steady-state trip
signal indicating that the apparatus being monitored
should be shut down, multiplexing means for feeding all
of said alarm and trip signals to said computer, and
apparatus within said computer apparatus for actuating
the print-out means to print the magnitude of the stored
signals representing vibration amplitude for each moni-
tor and an identification of the monitor from which
each stored signal was derived.
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12. The monitoring system of claim [8]} 77 including
means for performing a spectrum analysis on a vibration
signal from a monitor whenever that monitor generates
an alarm or trip signal.

13. The monitoring system of claim 8 including means
for manually actuating said print-out means to print the
magnitude of the vibration signal from any monitor, or
the trend in variation of the magnitude of the [vibra-
tion} overall amplitude signal from any monitor.

14. In vibration analyzing apparatus, the combination
of means for producing an electrical oscillatory signal
having frequency components corresponding to those
found in vibrations produced by a vibrating element, a
filter having a variable passband and capable of sam-
pling said oscillatory signal over a frequency range
corresponding with that of said means for producing an
electrical oscillatory signal, means for applying said oscil-
latory signal to the input of said filter, means for causing
said passband to sweep through said frequency range 1in
steps to produce sample signals at different frequencies,
the passband stopping during each step in an amount at
least equal to 2 divided by the frequency being sampled,
a peak detector coupled to the output of said filter for
generating output signals only when the sampled fre-
quencies exceed a predetermined amplitude, and means
for recording those frequencies detected by the peak
detector.

15. The vibration analyzing apparatus of claim 14
including means for recording the maximum amplitude
of the vibration signal for each recorded frequency.

16. In a data acquisition system, the combination of a
plurality of monitoring devices each adapted to pro-
duce an electrical signal indicative of a physical condi-
tion of apparatus to be monitored, computer apparatus
including memory means and print-out means, multi-
plexing means for [feeding] directing each of said sig-
nals from the respective monitoring devices to the com-
puter apparatus, means for periodically storing selected
ones of said electrical signals from each monitoring
device 1 saidd memory means, g said selected electrical

signal being characterized as representative of a plurality of

signal amplitudes substantially corresponding with the
entire frequency response range of a said monitoring de-
vice, means for sensing an off-normal condition of a
signal from each monitoring device and for producing
steady-state signals indicative of the off-normal condi-
tion, said steady-state off-normalsignals comprising
alarm signals indicating a probable malfunction of appa-
ratus being monitored and trip signals indicating that
the apparatus being monitored should be shut down,
multiplexing means for [feeding] inputting all of said
steady-state signals to said computer apparatus, and
means in the computer apparatus for actuating the print-
out means to print the values of said stored signals as
well as the existence of a steady-state off-normal signal
and an indication of whether the off-normal signal is an
alarm or trip signal.

17. A wvibration analyzing monitoring system com-
prising a plurality of vibration pickups each adapted to
produce an oscillatory electrical vibration signal de-
rived from a device being monitored, monitor means for
producing signals proportional to the amplitudes of the
vibration signals, computer apparatus including mem-
ory means and print-out means, means for [feeding])
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signals representing the amplitudes of the vibration
signals, means for periodically storing at least selected
ones of the signals from each monitor device in said
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memory means, a said selected electrical signal being
characterized as representative of a plurality of signal am-

plitudes substantially corresponding with the entire fre-

guency response range of a said monitoring device, appara-
tus in said computer apparatus for computing from a
plurality of stored said selected signals derived from
monitor devices which are increasing in magnitude the
probable time to failure of a vibrating device from
which said selected stored signals were derived, and
means in said computer apparatus for actuating said
print-out means to print the time to failure thus com-
puted.

18. In a data acquisition system, the combination of a
plurality of monitoring devices each adapted to pro-
duce an electrical signal indicative of a physical condi-
tion of apparatus to be monitored, computer apparatus
including memory means and print-out means, multi-
plexing means for feeding each of said signals from the
respective monitoring devices to said computer appara-
tus, means for periodically storing at least selected ones
of said electrical stgnals from each monitoring device in
said memory means, [apparatus in] a said selected
electrical signal being characterized as representative of a

plurality of signal amplitudes substantially corresponding

with the entire frequency response range of a said monitor-
ing device, said computer [ means for]) apparatus com-
puting from the trend of [a characteristic of the] said
representative amplitude stored electrical signals from
each monitoring device the probable time to failure of
the monitored apparatus from which those signals were
derived, [ means responsive to said determining} said
computer apparatus including means for causing said
print-out means to print indicia indicative of the proba-
ble time to failure, means for actuating said print-out
means to print an indication of a trip or alarm condition
detected by any monitor, and means for automatically
actuating said print-out means to print the magnitude of
the stored signals representing vibration amplitudes for
selected ones of said monitors whenever a trend or
alarm condition occurs.

19. In vibration analyzing apparatus, the combination
of a plurality of monitors each adapted to produce an
electrical oscillatory signal having frequency compo-
nents corresponding to those found 1n vibrations pro-
duced by a vibrating element, spectrum analyzing appa-
ratus incorporating means for performing, alternatively,
a single integration or a double integration on an incom-
ing signal, means for applying the oscillatory signals
from each monitor in succession to said spectrum ana-
lyzing means, means for actuating said spectrum analyz-
ing means to perform a single integration on an incoms-
ing signal when the oscillatory signal from a monitor
applied thereto 1s a velocity signal, and means for actu-
ating said spectrum analyzing means to perform a dou-
ble integration on an incoming signal when said imcom-
ing oscillatory signal from a monitor is an acceleration
signal.

20. In a data acquisition system, the combination of a
plurality of monitoring devices each adapted to pro-
duce an electrical signal indicative of a physical condi-
tion of apparatus to be monitored, computer apparatus
including memory means and data indicating means,
means for feeding each of said signals from the respec-
tive monitoring devices to said computer apparatus,
means for periodically storing at least selected ones of
said electrical signals from each monitoring device in
said memory means, a said selected electrical signal being
characterized as representive of a plurality of signal ampli-



Re. 31,730
13 14

tudes substantially corresponding with the entire frequency  derived and [means responsive to said determining}
response range of a said monitoring device, means in said g4 computer apparatus including means for causing said

computer apparatus for computing from the trend of a indicating means to produce indicia indicative of the
characteristic of the stored electrical signals from each & )
5 probable time to failure.

monitoring device the probable time to failure of the
monitored apparatus from which those signals were @ 0 * 2 %
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