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Specifications and Specmanship
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The selection of accelerometers is
based on published specifications. Some
items in the specifications may, however,
be irrelevant to the application or may be
subject to misinterpretation, since test
procedures and presentation of test re-
sults are not sufficiently standardized.
Some items in the specifications are not
inclusive. A specification may not be met
for the entire range of another item in the
specification such as temperature, for
example. Certain important specifica-
tions are never listed and some manufac-
turers do not meet their own published
specifications. The buyer, commercial or
military, is not usually equipped or ca-
pable of performing tests to verify the
specifications and may base his choice,
aside from price and delivery, on the pub-
lished data of the manufacturer of the ac-
celerometers.

These shortcomings result in unsuit-
able selections and often lead to unfair
competition through “specmanship” by
the vendor. Caveat Emptor!

Following is a discussion of the speci-
fications that should be considered, in-
cluding those which are incomplete or
missing.

Sensitivity. The sensitivity is stated
with a window of +5, 10 or 20%. For in-
dustrial applications, such as machinery
health monitoring using trending tech-
niques, a sensitivity window of 5 or even
10% is not deemed necessary and is more
costly to achieve.

Acceleration Range. The stated accel-
eration range is given for frequencies in
the operating frequency range using rela-
tively short cables at room temperature.
At higher temperatures the range may be
lower. Modulated high frequency vibra-
tions at frequencies above the operating
range, however, often lead to severe
intermodulation or washover distortion
producing low frequency false signals.
Such signals may set off false alarms, par-
ticularly if the signal is integrated to ve-
locity.!

Accelerometers with very similar
specifications may vary by more than a
factor of ten in these distortion products.
Therefore, an additional specification
item is missing: the acceleration range
should be listed when driving a certain
capacitive load, 5 nF for example, repre-
senting about 100 ft of cable, at 15 kHz.
Rather than using a modulated signal, a
pure sinusoidal excitation can be used,
since it is equivalent to modulation at
zero frequency and requires less instru-
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mentation to perform the test. The output
bias voltage of the sensor, which is pow-
ered through a current limiting diode and
carrying the AC and DC on the same wire,
will suddenly shift when the sensor is
overdriven. It is recommended that a
shift of about 10 mV in the bias voltage
should set the maximum acceleration for
these conditions.

Frequency Response. For industrial ac-
celerometers used for machinery health
monitoring there is no need to have a flat
response within 5 or 10%. Vibration lev-
els of machinery change much more than
10% due to a malfunction. Moreover,
measurements made with accelerometers
of different weights will give different ac-
celeration levels above about 5 kHz.2
When using swept sine or pseudorandom
excitation in the calibration, glitches in
the response caused by secondary reso-
nances in the housing or connector are
often present. These glitches, unless
large, should be of no concern for indus-
trial applications. Some manufacturers of
accelerometers spend a considerable
amount of time and effort to eliminate
these glitches. The magnitude of the
glitches often varies with the type and at-
tachment of the connector.

With respect to specmanship, the
manufacturer of accelerometers may ei-
ther ignore the glitches in their specifi-
cation of frequency response, calibrate
using swept band limited random noise
or discrete frequency signals for the ex-
citation to suppress these glitches, or
base the specifications on a test of a de-
sign model and not a frequency response
test of each unit.

Resonance Frequency. This item is
relatively unimportant if the frequency
range is stated. The internal amplifiers of
the sensor are often compensated for the
increase in sensitivity with frequency
and, therefore, the response cannot be de-
rived theoretically by the user from the
resonance frequency unless the internal
circuit is known. A sensor with a lower
resonance frequency may have a wider
frequency response than a sensor with
higher resonance frequency. As a result,
this specification may be misleading.

Transverse Sensitivity and Strain Sen-
sitivity. The transverse sensitivity and
strain sensitivity varies in a figure resem-
bling an elliptic lemniscate pattern, or an
open Figure 8, as a function of the rota-
tion about the sensitive axis. For usual in-
dustrial applications, a high transverse
sensitivity should be of no concern, a

100% rather than the usual 5% transverse
sensitivity might be very desirable.

The strain sensitivity is important for
low frequency applications, where the
ratio of strain to acceleration is the great-
est.? The strain sensitivity is also propor-
tional to the acoustic sensitivity. Usually
a value of 0.01 g per microstrain is suffi-
cient except for very low frequencies and
unusual applications; however, the allow-
able value may have to be increased for
sensors having a low profile. The strain
sensitivity is very dependent on mount-
ing torque.

With respect to specmanship, the
manufacturer of accelerometers may list
the maximum value, the average value, a
random value or a value obtained on the
design prototype. Different results by a
factor greater than fifty have been ob-
tained between manufacturer specifica-
tions for strain sensitivity and the results
obtained by an independent activity.

Noise (Sometimes Called Resolution).
Broadband noise specifications are only
necessary when using broadband data
acquisition instruments such as a voltme-
ter or when considering saturation of the
first stages of the data acquisitions sys-
tem. Whenever the signal is filtered as
with all FFT analyzers or data collectors,
the noise at different frequencies must be
specified as is listed, for example, for
acoustic sensors, amplifiers, transistors
and many other components and sensors.
It is reported as the spectrum level or
power spectral density, both givenina 1
Hz bandwidth. One cannot derive the
spectrum level of the noise from the
broadband noise, yet one can derive the
broadband noise from the spectrum level
of the noise measured over the frequency
range. With respect to specsmanship, a
sensor with a much higher broadband
noise may have a much lower noise at
low frequencies, where acceleration lev-
els are low and the noise level is, there-
fore, important and specifications listing
noise or resolution over a large frequency
band are of little use and are misleading.
Low noise at high frequencies is impor-
tant for accelerometers used for leak de-
tection and some military and security
applications.

Magnetic Sensitivity. This sensitivity,
although usually of little concern unless
the magnetic field is extremely great, de-
pends on the orientation of the sensor in
the magnetic field. The orientation is
never listed.

Output Impedance. The output imped-
ance may vary with frequency. The value
should be lower than about one third of
the impedance of the cable at the maxi-
mum frequency of interest in order to
have negligible effect on the frequency
response.

Hermeticity. Hermeticity, not to be con-
fused with sealing against liquid intru-
sion or watertightness, is related to long
term reliability in hostile industrial en-



vironments. Some manufacturers claim
sealing by design, others immerse the sen-
sor in water and observe rising bub-bles
which is adequate for observing leaks of
more than 107 cc/sec — a value deemed
insufficient for claims of her-meticity.

Other manufacturers test each unit to 10~

8 cc/sec — a much more rigorous require-

ment than the bubble test.

Settling Time. This is the time for the
output bias voltage to reach a certain per-
centage of its final value. The percentage
is often not specified.

Missing Specifications. Missing speci-
fications other than those discussed pre-
viously:

1. Susceptibility to Radio Frequency In-
terference,? now required by the Euro-
pean Community, is not listed in the
specifications

2. The calibration of a triaxial accelerom-
eter has no specified test or reporting
method. The manufacturer may cali-

brate the unit mounted to a mounting
block and reference the acceleration of
the sensor in the triax to a small accel-
erometer mounted on the block, or ref-
erence the response to a sensor mount-
ed on the triax which will provide a flat
frequency response to higher frequen-
cies. Totally different frequency re-
sponses will be obtained by the two
methods. Manufacturers do not all play
by the same rules.
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