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Abstract

This paper describes the absolute accelerometer calibration system developed at the Institute for National Measurement
Standards, NRC. Details of the calibration procedure and the associated equipment are described. The system, based on laser
interferometry, operates from 20 Hz to 5000 Hz, with an estimated uncertainty of less than 0.5% at a confidence level of 95%.

Introduction

Advances in the design of structures and machines over
recent years have created stringent demands for investigation
into vibration problems. Accurate measurements of vibration
have become important with more research efforts devoted to
the design of better transducers. As a result, accurate
calibrations of accelerometers are necessary to verify design
parameters and performance characteristics.

Calibration Arrangement

A standard absolute accelerometer calibration procedure [1]
and the principles of operation [2, 3] have been described. The
measurement set-up is shown in Figure 1. It consists of a
Michelson interferometer with associated equipment as shown.
For frequencies up to 800 Hz the number of fringes Rf per
vibration period is counted. It can be shown that the
displacement amplitude D of the vibration is given by

D Rf

where X is the wavelength of the laser. For a sinusoidal
vibration at frequency /, the acceleration amplitude A is given

by
A =4n% ZR7 X
For frequency ranges from 800 Hz to 5000 Hz the output

signal of the detector is filtered with a bandbass filter.
According to the standard procedure [1], the filtered signal has
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a number of minimum points at various accelerometer
displacements. For a helium-neon laser with a wavelength of
0.6328 pm, the acceleration, in ms'2 is given by

A =39.478x10'6d f 2

where d is the displacement amplitude in micrometres, and/is
the frequency of the shaker in hertz.

Figure 1 Accelerometer calibration set-up



Implementation Considerations

External vibrational noise is one of the most serious
problems encountered in measuring small displacements. In
the arrangement used at INMS, the entire system is mounted
on a heavy 5 cm thick steel bench supported by a 10 cm thick
granite table that is resting on air-pads (Micro-g air table,
Technical Manufacturing Co.). The interferometer is mounted
on top of the shaker supported by four box-shaped columns,
and isolated by a second air-pad system, as shown in Figure 2.
Other disturbances, such as airborne noise may be reduced by
performing the calibrations in the evening or overnight.

Thermal air currents generated by the cooling fans of the
equipment can cause random fluctuations in the refractive
index of air. This leads to random changes in beam intensities.
The effect can be effectively eliminated by shielding the beam
path.
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Figure 2 Accelerometer calibration

Uncertainties

The calculation of the absolute uncertainty for the
calibration is governed by international standard [1]. The
uncertainty audit of the absolute calibration at a frequency 160
Hz is listed in Table 1 The uncertainties of the frequency ratio
counter, charge amplifier and voltmeter are estimated based
on manufacturers’ specifications. The estimated uncertainties
due to tilting (orthogonality), transverse vibration and
waveform distortion are determined experimentally. The
overall uncertainty calculated according to Annex A in [1] is
less than 0.5% at 95% confidence level.

Table 1 Uncertainty contributions for a B & K type 8305
standard reference transducer calibrated at afrequency 160
Hz with an acceleration 10 ms '2

Error source Uncertainty

Voltmeter & charge amp. +0.08%
Frequency counter x 2 +0.002%
Ratio counter +0.2%
Distortion +0.5%
Tilting +0.1%
Transverse vibration +0.06%
Temperature +0.1%
Estimated standard +0.04%

deviation (3 measurements)

Conclusions

The absolute accelerometer calibration system developed
at INMS has an uncertainty of less than 0.5% at 95%
confidence level. Future investigation related to orthogonal
movements of the shaker-head may reduce the uncertainty.
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Gtteinstallation est
dotée d'un veste espece,
calme, anéchoide et
souple permettant de
DU BUREAU DE LA produire et de caractériser
RADIOPROTECTION DE  deschamps sonores. Sas
SANTE CANADA étre concue pour remplacer
DISPONIBLE CONTRE les salles anéchoides
PAIEMENT A L'ACTE commerdiales, elle convient &
une vaste gamme
d applications pertinentes en
génie et en recherche et
développement, qui pourraient
intéresser le secteur prive, les
universités, de méme que les
ministeres et organismes
gouvernementaLx.
Ladisponibilité de la salle
anéchoide sera établie selon les
exigences du programme de protection
contre le bruit du Bureau.
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Nous vous invitons a nous communiquer Vos
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coin al’autre
* anéchoide de 50 220 000 Hz
* bruit defond inaudible
©plions :
* robot de positionnement des microphones
 milieu hémi-anéchoide pour charges réparties
jusgu'a 1200 kg/m2
Quelques applications :
* sydEmes actifs de réduction du bruit
* moyens techniques de réduction du bruit
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"The ABC’s of noise control”

H.L. Blachford’s
Comprehensive
Material Choices

Noise treatments can be
categorized into three basic
elements: Vibration Damping,
Sound Absorption and

Sound Barriers.

Vibration Damping

it is well known that noise is
emitted from vibrating structures
or substrates. The amount of noise
can be drastically reduced by
the application of a layer of a
vibration damping compound to
the surface. The damping
compound causes the vibrational
energy to be converted into heat
energy. Blachford’s superior
damping material is called
ANTIVIBE and is available either
in a liquid or a sheet form.

ANTIVIBE DL is a liquid
damping material that can be
applied with conventional spray
equipment or troweled for
smaller/thicker application.

It is water-based, non-toxic
and provides economical and
highly effective noise reduction
from vibration.

ANTIVIBE DS is an effective

form of damping material provided
in sheet form for direct application
to your product.

MISSISSAUGA

(905) 823-3200

Sound Barriers

Sound Barriers are uniquely
designed for insulating and
blocking airborne noise. The
reduction in the transmission of
sound (transmission loss or “TL")
is accomplished by the use of a
material possessing such
characteristics as high mass,
limpness, and impermeability to
air flow. Sound barriers can be
a very effective and economical
method of noise reduction.

Blachford Sound Barrier materials:

BARYMAT

Limp, high specific gravity, plastic
sheets or die cut parts. Can be
layered with other materials such as
acoustical foam, protective and
decorative facings to achieve the
desired TL for individual applications.

Sound Absorption

Blachford’'s CONASORB materials
provide a maximum reduction of
airborne noise through absorption
in the frequency ranges associated
with most products that produce
objectionable noise. Examples:
Engine compartments, computer
and printer casings, construction
equipment, cabs,...etc.

Available with a wide variety of surface
treatments for protection or esthetics.
Material is available in sheets, rolls and
die-cut parts - designed to meet your
specific application.

MONTREAL
(514) 938-9775

Suggest Specific
Material or Design

Working with data supplied by you,
H.L. Blachford will make
recommendations or treatment
methods which may include specific
material proposals, design ideas,
or modifications to components.

A Quality Supplier

The complete integration of;

- Experience

-Quality-oriented manufacturing
technology

- Research and development

- Problem solving approach
to noise control

Our Mississauga Plant is
1ISO-9001 CERTIFIED

Result in:

Comprehensive
Noise
Control
Solutions

VANCOUVER
(604) 263-1561



