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1
SMART ACCELEROMETER

ORIGIN OF THE INVENTION

The invention described herein was made by an em-
ployee of the United States Government and may be
manufactured and used by or for the Government of the
United States of America for governmental purposes
without the payment of any royalties thereon or there-
for.

TECHNICAL FIELD

The present invention relates to apparatus and
method for monitoring machine vibration. More partic-
ularly, the present invention is directed to an acceler-
ometer package containing a vibration transducer with
an integral and improved frequency detection circuitry
having significant advantages over conventional accel-
erometers.

BACKGROUND ART

Vibration analysis has been used for years to provide
a determination of the proper functioning of different
types of machinery, including rotating machinery and
rocket engines. A determination of a malfunction, if
detected at a relatively early stage in its development,
will allow changes in operating mode or a sequenced of
the machinery prior to a total failure. Such preventative
measures result in less extensive and/or less expensive
repairs, and can also prevent a sometimes catastrophic
failure of equipment. In a rocket thruster, for instance,
certain frequencies can be calculated as a function of the
geometry of the thruster dimensions and, if detected,
indicate thruster instability. If thruster vibration is mon-
itored with respect to these critical frequencies or is
detected in bands of frequencies around the critical
frequencies, then it is possible to either change operat-
ing modes or provide an orderly shutdown of the
thruster prior to failure. A change of operating mode
for a thruster may include changing control signals to
the thruster from a pulsed mode to a continuous mode
signal. If such a change in operating mode is not suc-
cessful to eliminate vibrations at a critical frequency,
then it becomes necessary to shut down the thruster.

Accelerometers which are commercially available
are contained within a package that houses only the
transducer itself and may include wiring to a connector.
In application, this packaging presents a number of
problems. The signal wire from the accelerometer will
typically go through a connector and then make its way
through an electrically noisy environment before reach-
ing a second connector, which will take the signal to a
detector circuit. Noise may be picked up on this signal
wire and cause false machine instability signals. Also,
because the detector circuitry and accelerometer trans-
ducer may be located some distance apart and may be
powered by different power supplies, ground loop er-
rors may occur. Ground loops or ground shifts are
differences between circuit grounds which may occur
when circuits are powered by different power supplies,
or are powered by the same power supply when the
circuits are located a considerable distance apart. Rela-
tively higher currents carried by one part of a ground-
ing system can also result in voltage differences be-
tween other parts of a grounding system. These voltage
differences between grounds, which are often called
ground shifts or ground loops, are typically variable,
unknown, and insidiously cause false signals. When
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2

adding vibration monitoring and detecting circuitry it
may be difficult or impossible to determine whether
ground loops exist in other circuitry which may cause
errors or false signals in the vibration monitoring appa-
ratus. Similarly, noise and ground loop problems may
occur when connecting an instability or fault signal
wire from the detection circuitry of a vibration moni-
toring apparatus to a distant control circuit or computer
which utilizes the fault signal to supervise a machine
shut down. Typically, vibrating machinery will pro-
duce a noisy electrical environment. As well, the vibra-
tion may produce occasional changes in electrical resis-
tance in contacts, connectors, etc. which may produce
spurious machinery fault signals.

R. J. Bozeman U.S. Pat. No. 4,977,395 discloses an
adjustable delay circuit which can be used to delay the
output of an instability signal until the particular type of
vibration signal which denotes instability has occurred
consistently enough over a period of time (e.g. 40 msec
for a rocket thruster) to indicate an instability signal
which is more likely to be valid. However, adding this
delay circuit increases overall circuit complexity which
increases the possibility of a circuit failure, and requires
additional room. Also, the output of the delay circuit is
itself subject to the noise and ground loop problems so
that its purpose may still be defeated even if it is effec-
tive to distinguish spurious signals up to the input of the
delay circuit.

Consequently, a need exists for improvements in ac-
celerometer circuitry to provide a highly reliable means
for preventing false signals from the accelerometer
transducers and related circuitry operating in a vibrat-
ing, electrically harsh environment. Those skilled in the
art have long sought and will appreciate the novel fea-
tures of the present invention which solves these prob-
lems.

STATEMENT OF THE INVENTION

The present invention is directed, in a preferred em-
bodiment, to an improved accelerometer package con-
taining not only a transducer but also the necessary
frequency decoder circuitry used to provide a fault
signal, thereby providing a “smart” accelerometer
package. This package is designed to be powered from
a single power source. The resulting packaged system
may be incorporated within an accelerometer case dur-
ing the original manufacturing process, or may be retro-
fitted into commercially available accelerometers. Con-
ventional integrated circuits and components may be
used for this purpose. Alternatively, micrologic and
surface mount technology may be employed to signifi-
cantly reduce the package size.

Due to the proximity of both the transducer and
decoder circuitry within a single housing powered by a
single power source, noise problems and ground loop
problems typically found between the transducer and its
related circuitry are greatly reduced to improve reli-
ability of operation. The reduction of noise has an
added benefit of reducing the necessary filtering and
amplification of the transducer signal, so that compo-
nents which perform these functions can be eliminated.
In a preferred embodiment, the present invention allows
for adjustment of the width of the band of frequencies
contained in the transducer signal which will cause the
decoder circuitry to produce an instability output sig-
nal. Also, it is possible to select an approximate number
of pulses or cycles within the frequency band which
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must occur prior to the decoder circuit producing an
instability output signal. This feature is available by
preferably taking advantage of an inherent trait of the
decoder circuit, and requires no additional circuitry.
This pulse or cycle counting feature also is an effective
delay which helps prevent spurious instability signals.
In a preferred embodiment, the fault signal output is
coupled to machinery control or a computer via optics
to preclude false shutdown signals by system ground
loops.

Accordingly, it is an object of the present invention
to provide an integrated “smart” accelerometer pack-
age which is inherently reliable in operation in monitor-
ing machine vibrations, regardless of unknown ground
loops and electrical noise.

A feature of the present invention is the ability to
vary the band width of frequencies which produce a
machine instability signal.

Another feature of the present invention is the use of
pulse or cycle counting to form a delay in production of
the fault signal until sufficient data is received to con-
firm the validity of any fault signal produced.

An advantage of an integrated smart accelerometer
package is a great reduction in noise and ground shift
error that is associated with machinery vibration moni-
toring equipment.

Another advantage of an integrated smart accelerom-
eter package with an optically isolated output is that it
may be connected to other electronic equipment that
may have a ground that is at a different voltage than the
ground of the accelerometer package without concern
of spurious signals being generated due to this differ-
ence in ground.

These and further objects, features, and advantages of
the present invention will become apparent from the
following detailed description, wherein reference is
made to the figures in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an elevational view of an accelerometer
package assembled onto a thruster in accord with the
present invention.

FIG. 2 is an elevational view, in section, of an accel-
erometer package in accord with the present invention.

FIG. 3 is a circuit diagram of frequency decoder
circuitry in accord with the present invention.

While the invention will be described in connection
with the presently preferred embodiment, it will be
understood that it is not intended to limit the invention
to this embodiment. On the contrary, it is intended to
cover all alternatives, modifications, and equivalents as
may be included in the spirit of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention is directed to instable machin-
ery vibration detection apparatus which includes not
only a transducer which may be used to measure ma-
chine vibration, but also contains integral electronics
which may be used to determine if a fault condition has
occurred, thereby creating a “smart” accelerometer
package.

An accelerometer package, designated by the nu-
meral 12, according to a preferred embodiment of the
present invention is shown in FIG. 2. An external hous-
ing 28 holds electronics circuit 18 including circuit
board 26 and mounted electronic components 27 in
close proximity to transducer 20. External housing 28
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provides shielding from electromagnetic fields which
may be in the general vicinity of the package due to
radio transmitters, etc.(not shown). By enclosing all
necessary components within external housing 28, the
signals from transducer 20 contain less noise and have a
relatively greater signal to noise ratio. This allows for a
reduction in filtering and amplification circuitry. Six pin
connector 22 provides a ready method for electrically
connecting the accelerometer package 12 to thruster
control circuitry 24 (see FIG. 1). ]

FIG. 1 shows accelerometer package 12 mounted on
rocket thruster 10 adjacent oxidizer valve 14. Related
rocket thruster components including fuel valve 16 and
electrical junction box 34 are also indicated in FIG. 1.
Thruster control and warning circuitry 24 uses the fault
signal from accelerometer package 12 to change operat-
ing modes of thruster 10 and/or to shut down thruster
10 in an orderly manner before failure. Also thruster
control and warning circuitry 24 may activate an indi-
cation of failure, such as a warning light or bell (not
shown). Thruster control and warning circuitry 24 may
include actual electronic circuitry or a software con-
trolled computer. It is highly desirable to avoid any
false or spurious indications of machine or thruster
failure which may result from noise and ground loops.
A ground loop, or voltage difference, may exist be-
tween ground 17 and ground 15 due to a variety of
reasons, some of which may be unknown and difficult
to detect during operation. These ground loops may
cause a spurious indication of thruster failure and may
be difficult to detect during operation of rocket thruster
10. A combination of transducer 20 and electronics
circuit 18 into the same housing 28 greatly reduces the
possibility of spurious signals due to ground loops and
other noise which otherwise could detrimentally affect
transducer 20 and related circuitry 18. Additional
means for preventing spurious signals due to typically
transient differences in voltage between grounds 17 and
15 are discussed subsequently.

FIG. 3 provides a preferred embodiment of circuit 18
contained within accelerometer package 12. A single
power source (not shown) is connected at connector 22,
pin 1, with a common ground shown at pin 2. This
source voltage is filtered by capacitor 21 and is used by
regulator 40 to provide 5 volts at output pin 0. The
regulated 5 volt output is filtered by capacitor 25. Field
effect diode 23 regulates current flow to transducer 20.
Transducer 20 changes resistance in response to “G”
forces, thus creating an electrical transducer signal
which corresponds in magnitude and frequency to ma-
chine or thruster vibrations. “G” forces are generally
understood to be the forces which act on a mass de-
scribed by using the force of gravity as a unit force
acting on a mass, e.g., two “G”’s would be a force acting
on a mass twice that which would occur due to gravity.
Frequency adjust 38 is set for a desired center fre-
quency selected to be equal to the expected unstable
vibration frequency of the machinery or thruster to be
monitored and may be calibrated by reading with a
frequency counter (not shown) at pin 6 of decoder 32. A
frequency band around the center frequency may be set
using switch 28 which selects either wide bandwidth
capacitor 26 for an approximately 300 hertz bandwidth
or narrow bandwidth capacitor 24 for a bandwidth of
approximately 75 hertz. With narrow band width ca-
pacitor 24 connected to switch 28, approximately 50
incoming cycle signals of a requisite magnitude within
the frequency band are required before a fault condition
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is indicated at pin 8 of decoder 32. With wide band-
width capacitor 26 connected to switch 28, approxi-
mately 10 to 15 cycles are required to generate a fault
signal. These values are calculated assuming a center
frequency of 1000 Hz, and will typically vary with a
change in center frequency. The pulse counting feature
which is inherent to preferred embodiment LM567
decoder circuit 32 prevents transient pulses within the
window from generating a fault signal. By taking ad-
vantage of this inherent feature of the LM567 decoder
circuit 32 which might in other circumstances be a
disadvantageous characteristic, it is possible to obtain
an effective delay in the circuitry without adding extra
delay circuitry. The LM567 decoder circuit 32 includes
a loop filter connection at pin 2 so that capacitor 26 or
24 is used to complete this loop filter. The LM567 de-
coder circuit 32 may also use external resistive compo-
nents (not shown). A general description of the LM567
decoder is disclosed on pages 5-51 through 5-55 of the
publication entitled “Semiconductor Master Selection
Guide 1989 by National Semiconductor and is incor-
porated herein by reference.

In operation, alternating current from transducer 20,
that corresponds in magnitude and frequency to ma-
chine vibration “G” forces, passes through signal ca-
pacitor 27 to signal threshold adjust 30 which deter-
mines the desired amplitude trip level based on acceler-
ometer calibration data. For example, if a basic acceler-
ometer produces 1 volt per “G” force and the amplitude
threshold desired is 1.5 “G’s”, a simulated signal at the
desired frequency and at 1.5 volts (typically applied
with a signal generator) is fed into circuit 18, and signal
threshold adjust 30 is used to set a trip level which
produces an output at pin 8 of decoder 32 or pins 3 and
4 of connector 22. All adjustments described above
might be set during accelerometer manufacture/calibra-
tion, and the entire package permanently encapsulated
with a sealing material to minimize or eliminate effects
of vibration during use. Alternatively, these calibration
sequences may be determined by the user if field adjust-
ments are desired.

A machinery fault condition results in the impedance
seen at pin 8 of decoder 32 changing from a high impe-
dance to a low impedance due to the sinking of an open
collector integral to decoder 32. As a result, current
flows through light emitting diode 35 between pins 1
and 2 of optical isolator 38. A resulting output then
occurs at pins 3 and 4 of optical isolator 38, which is
also available at pins 3 and 4 of connector 22. A separate
power supply, load, and ground connection to pins 3
and 4 of connector 22 is made through indicated wires
46, 47, and 48 which results in a circuit independent of
the common circuit ground wire or land 42 connected
to pin 2 of connector 22. Therefore, if return wire 46 is
analogous to ground 15 of FIG. 1, if ground 42 of FIG.
3 is analogous to ground 17 of FIG. 1, and if grounds 15
and 17 of FIG. 1 are at different voltages with respect to
each other, the output signal received from accelerome-
ter package 12 by thruster control 24 will be unaffected
by this voltage difference. The accelerometer package
12 and thruster control 24 circuits are thus electrically
isolated from each other near optical coupling. The
optical isolator 38 precludes unwarranted or inadver-
tent shutdown caused by electrical ground loop condi-
tions of which an end user of accelerometer package 12
may not be aware, since the output of optical isolator 38
is independent of the ground at pin 2 of connector 22.
For backup and corroboration purposes, the output of
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transducer 20 is also made available at pin 5 of connec-
tor 22 through direct current blocking capacitor 33.

The foregoing description of the invention has been
directed in primary part to a particular, preferred em-
bodiment in accordance with the requirements of the
patent statutes and for the purposes of illustration. It
will be apparent, however, to those skilled in the art
that many modifications and changes in the specifically
described accelerometer package 12 may be made with-
out departing from the scope and spirit of the invention.
For example, although developed for accelerometers,
the teachings of this invention could be used with vari-
ous types of transducers generating dynamic signals of
user interest, i.e., pressure transducers, acoustic sensors,
flowmeters, etc. Micro-circuitry and surface mount
technology may allow control circuitry or parallel de-
coders operable at different frequencies to be included
within accelerometer package 12. Other means for iso-
lating the output of the package may also be used. For
example, it may be possible in some situations to use
differential transmission of the fault signal from acceler-
ometer package in accordance with RS-422 or RS-485
as defined by the Electronics Industry Association
(EIA) so that the effects of ground shifts and noise
signals will appear as common mode voltages on the
transmission line and thereby be nullified. If it is desired
to have a latched output condition upon fault detection
rather than a pulse, an optical silicon controlled rectifier
(SCR) may be used, and could be reset by an external -
reset switch or by dropping the load. It may be desir-
able for some applications to have an output pulse of a
fixed time duration so that circuitry may be added to
produce a pulse having a fixed time duration in response
to a variable width fault pulse signal. Therefore, the
invention is not restricted to the preferred embodiment
illustrated, but covers all modifications which may fall
within the scope of the spirit of the invention.

What is claimed is: ’

1. A machinery vibration monitoring apparatus, com-
prising:

a housing defining an interior;

a transducer physically disposed with said interior of
said housing and responsive to vibration in machin-
ery operative to produce an electrical transducer
signal functionally related to the magnitude and
frequency of said vibration;
decoding circuit physically disposed within said
housing and responsive to said electrical transducer
signal greater than a predetermined magnitude
within a selected frequency band to produce a first
fault signal;

a single power source supplying power to both said
transducer and said decoding circuit, said power
source further providing a common ground con-
nected to both said transducer and said decoding
circuit; and

isolating circuitry responsive to said first fault signal
operative to produce a second fault signal for nulli-
fying ground shift effects with respect to said com-
mon ground.

2. The apparatus of claim 1, wherein:

said isolating circuitry for producing said second
fault signal includes optical isolating circuitry.

3. A machinery vibration monitoring apparatus, com-

prising:

a housing defining an interior;

a transducer physically disposed within said interior
of said housing and responsive to vibration in ma-
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chinery operative to produce an electrical trans-
ducer signal functionally related to the magnitude
and frequency of said vibration;

a decoding circuitry physically disposed within said
housing and responsive to said electrical transducer
signal greater than a predetermined magnitude
within a selected frequency band to produce a first
fault signal;

a single power source supplying power to both said
transducer and said decoding circuit said power
source further providing a common ground con-
nected to both said transducer and said decoding
circuit;

a capacitor directly connected to said transducer; and

a potentiometer circuit within said housing and di-
rectly connected through said capacitor to said
transducer for adjusting said predetermined magni-
tude of said electrical transducer signal.

4. The apparatus of claim 3, further comprising:

a split transducer electrical signal output, one path of
said split transducer signal output bypassing said
frequency decoder to allow separate monitoring of
said transducer electrical signal.

5. The apparatus of claim 3, further comprising:

a bandwidth adjustment means for controlling the
width of said frequency band.

6. The apparatus of claim §, wherein:

said bandwidth adjustment means includes a switch
for selectively varying the width of said frequency
band.

7. The apparatus of claim 3, further comprising:

loop filter means operative in conjunction with said
decoder circuit to produce said fault signal only
after a predetermined number of cycles have oc-
curred of said electrical transducer signal within
said frequency band.

8. The apparatus of claim 7, further comprising:

adjustment means for selectively varying said prede-
termined number of cycles needed before said de-
coding circuit produces said fault signal.
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9. The apparatus of claim 3, further comprising:

a voltage regulator powered by said single power
source and controlling the voltage applied to said
decoding circuit, and

a current regulator powered from said single power
source and controlling the current to said trans-
ducer.

10. A machinery monitoring apparatus, comprising:

a transducer adapted to be mounted on machinery
and operatively responsive to vibration in said
machinery to produce an electrical transducer sig-
nal functionally related to the magnitude and fre-
quency of said vibration;

a decoding circuit in close physical proximity to said
transducer and responsive to said electrical trans-
ducer signal greater than a predetermined magni-
tude within a selected frequency band to produce a
first fault signal, said decoding circuit including:

a decoding circuit in close physical proximity to said
transducer and responsive to said electrical trans-
ducer signal greater than a predetermined magni-
tude within a selected frequency band to produce a
first fault signal, said decoding circuit including:

a single power source supplying power to both said
transducer and said decoding circuit, said power
source further providing a common ground con-
nected to both said transducer and said decoding
circuit; and

a potentiometer circuit coupled to said transducer for
adjusting said predetermined magnitude of said
electrical transducer signal.

11. The apparatus of claim 10, further comprising:

isolating circuitry responsive to said first fault signal
operative to produce a second fault signal for nulli-
fying ground shift effects with respect to said com-
mon ground.

12. The apparatus of claim 11, wherein: said isolating

circuitry for producing said second fault signal includes
optional isolating circuitry.
* *
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