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Foreword

ISO (the Intgrnational Organization for Standardization) is a worldwide
federation of|national standards bodies (ISO member bodies). The work
of preparing [nternational Standards is normally carried out through iSO
technical committees. Each member body interested in a subject for
which a technical committee has been established has the right to be
represented ¢n that committee. International organizations, governmental
and non-governmental, in liaison with 1SO, also take part in the work. ISO
collaborates glosely with the International Electrotechnical Commission
(IEC) on all miatters of electrotechnical standardization.

Draft International Standards adopted by the technical committees ate
circulated to the member bodies for voting. Publication as an International
Standard requires approval by at least 75 % of the member bodies casting
a vote.
International Htandard ISO 5347-8 was prepared by Technical\Committee
ISO/TC 108, Mechanical vibration and shock, Sub-Committeg SC 3, Use
and calibratiop of vibration and shock measuring instruments.

ISC 5347 consists of the following parts, under the.general titie Methods
for the calibration of vibration and shock pick-ups.

— Part 0: Basic concepts

— Part 1: Primary vibration calibration-by laser interferometry
— Part 2: Primary shock calibration by light cutting

— Part 3: Secondary vibration calibration

— Part 4: Secondary Sheck calibration

— Part 5: [alibration by Earth’s gravitation

— Part 6: Primary vibration calibration at low frequencies

— Part 7: Primary calibration by centrifuge

— Part 8: Primary calibration by dual centrifuge
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— Part 9: Secondary vibration calibration by comparison of phase an-
gles

— Part 10: Primary calibration by high-impact shocks
— Part 11: Testing of transverse vibration sensitivity
— Part 12: Testing of transverse shock sensitivity

— Part 13: Testing of base strain sensitivity

Part 14- Resonancefrequency-testing-of undamped-accelerometers

on a steel block 0
— Part 15: Testing of acoustic sensitivity
— Part 16: Testing of mounting torque sensitivity
— Part 17: Testing of fixed temperature sensitivity
— Part 18: Testing of transient température sensitivity
— Part 19: Testing of magnetic. field sensitivity

— Part 20: Primary vibration Calibration by the reciprocity fnethod

Annex A forms an integrakpart of this part of ISO 5347.
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INTERNATIONAL STANDARD

ISO 5347-8:1993(E)

Methods for the calibration of vibration and shock

pick-ups —

Part B:

Primary calibration by dual centrifuge

1 Scope

ISO 5347 comprises a series of documents dealing
with methods for the calibration of vibration and shock
pick-ups.

This par] of ISO 5347 lays down detailed specifi-
cations for the instrumentation and procedure to be
used for |primary calibration of accelerometers using
centrifugeé calibration. It applies to all types, (of
rectilineaf accelerometers, primary standards; and
working pick-ups.

This part| of ISO 5347 is applicable for a frequency
range from 0,7 Hz to 10 Hz and a dynamiic range from
10 m/s2 fo 100 m/sz.

The limifs of uncertainty applicable are + 2 % of
reading.

2 Apparatus

2.1 Equipment . capable of maintaining room
temperature 4123 °C + 3 °C.

2.2 Balanced—table—rotating—about—a—vertical—axi
o T I\JLGLIIIu AVUULl QO VUOITLUIVAT dATS

The centre ¢f the pick-up mass element shall be lo-
cated at_the) centre of rotation of the gmaller table
with an ‘uncertainty of less than + 0,1 % of the dis-
tance between the axes of rotation of thp two tables.

2.3 Instrumentation for measuring rotational
frequency, with an uncertainty of maximum + 0,1 %
of reading.

2.4 Voltage instrumentation for measuring true
r.m.s. accelerometer output, with an yncertainty of
maximum + 0,1 % of reading.

The r.m.s. value shall be multiplied by a factor of \/?
to obtain (single) amplitude used in the fprmulae.
3 Preferred amplitudes and frequencies

The following amplitudes, in metres |per second
squared, shall be used:

10; 20; 50; 100.

The following frequencies, in hertz, shall|be used:

with uniform angular speed. A smaller table rotating
with independent and uniform angular speed in the
reverse direction shall be mounted eccentrically and
perpendicularly on the table.

The tables shall be levelled within + 0,5°.

The angular speed of the larger table shall be uniform
within + 0,1 %. The angular speed of the smaller ta-
ble shall be uniform within + 1 %.

The distance between the centres of rotation of the
two tables shall be measured with an uncertainty of
less than + 0,1 %.

0,7;1; 2; 5; 10.
The reference acceleration shall be 100 m/s2 (second

choice: 50 m/sz) and the frequency shall be 5 Hz
(second choice: 1 Hz).

4 Method

4.1 Test procedure

Rotate the larger table at different frequencies deter-
mined by calculation of the calibration acceleration, a,


https://standardsiso.com/api/?name=d0454e18c354892b1e57f0d0f47d2e3e

ISO 5347-8:1993(E)

in metres per second squared, from the standard iev-
els using the following formula:

a=4nn’r+k
Set the smaller table to the calibration frequency.

Determine the calibration factor at the reference fre-
quency and reference acceleration. Then determine
the sensitivity at the other frequencies and acceler-

At the lowest acceleration level and the highest fre-
guencies or when the tolerance between the centre
of rotation of the smaller table and the centre of the
pick-up mass element cannot be kept within the limits
given above, the correction factor k shail be used. The
value of k is given by the following formula:

k= 47t2ed(n - nx)2

ations. The results shall be given as a percentage de- where
viation from the calibration factor. n is the rotational frequency of the larger ta-
L)iU, ill iIUILL,
4.2 Exprelsion of results . "
ey is the positional error betwgen the centre
The sensitivity, S, in volts per (metre per second of the pick-up mass element andf the cen-
squared) [V/(m/s2)], related to the (single) amplitude tre of rotation of the sraller tablg, in me-
for every frequency is given by the following formula: tres;
g = 4 n, is the calibration~'rotational frequency,
a2 + & which is equal™o the rotational ffequency
of the smallentable, in hertz.
where When the calibration® results are reported, |the total
n is[the rotational frequency of the larger ta- uncertainty of the calibration and the correpponding
blg, in hertz: confidence Jevel, calculated in accordance with
annex A, shall also be reported.
r is [the radius of rotation, in metres;
A confidence level of 95 % shall be used.
k is[a correction factor given by the formula
bglow.
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Annex A
(normative)

Calculation of uncertainty

A.1 Calculation of total uncertainty

The total
CL=95

Xg5 =
where
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uncertainty of the calibration for a specified confidence level (for the purposes of this part
6), Xg5, shall be calculated from the following formula:

+ \/X,z +Xs2

is the random uncertainty;
is the systematic uncertainty.

bm uncertainty for the specified confidence level, X; g5, is calculated from the following forr

112
e e +er+es+ .. +el
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,, etc. are the deviations from the arithmetic.fiean of single measurements in the series;
is the number of measurements;

is the value from Student's-distribution for the specified confidence level and th
measurements.

matic errors shall, first of allxle eliminated or corrected. The remaining uncertainty, Xys), §
Lint by using the following. formula:

equals 2;0(for the 95 % confidence level,

is thedabsolute uncertainty for the calibration factor, at calibrated levels and frequencies,
volts per (metre per second squared) (see A.2).

of ISO 5347,

nula:

e number of

hall be taken

expressed in

A.2 Calculation of the absolute uncertainty for the calibration factor, ¢, at calibrated
levels and frequencies

The absolute uncertainty for the calibration factor, e, expressed in volts per (metre per second squared), at cali-
brated levels and frequencies is calculated by the law of the combination of errors from the following formula:
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where

P

€p

is the calibration factor, in volts per (metre per second squared) (see 4.2);
is the accelerometer output, in volts;

is the absolute uncertainty for the accelerometer output, in volts;

is the table levelling error, in degrees;

is the calibration acceleration, in metres per second squared (see 4.1);

is the rotational frequency of the larger table, in hertz;

is the absolute uncertainty for the rotational frequency of the larger table, in hertz;
is the absolute uncertainty for the rotational frequency constancy of the larger table, in\hertz;

is the calibration rotational frequency, which is equal to the rotational frequency ofithe’ smaller| table, in
hertz;

is the absolute uncertainty for the rotational frequency of the smaller table,.in-hertz;
is the absolute uncertainty for the rotational frequency constancy of thesmaller table, in herts;

he radius of rotation to the centre of the accelerometer mass element, in metres;

&

s the uncertainty in the radius of rotation, in metres;

s the acceleration amplitude caused by hum and noise, in ietres per second squared;

is the correction factor for the induced acceleration of the smaller table, calculated in accordance with
4.2, in metres per second squared;

he voltage supply to the accelerometer;

&

s the uncertainty in voltage supply to the accelerometer.

A.3 Calcylation of the total absolute uncertainty for the calibration factor, ¢, over the

complete frequency and amplitude range

The absolute [uncertainty for the calibration factor, e, calculated in accordance with A.2, is only valid for| the cali-
brated levels jand frequencies. The total)absolute uncertainty for the calibration factor, es,, in volts per (metre per
second squargd), over the completé frequency and amplitude range is calculated from the following formula:

[4 S,

s

where

€s

Lia

Lip
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=% (TS) +(1o%)+(1o%)+(10?))+(10%)*(130)*(150){100]*(10Ao)+

1)2

+ (1)

is the calibration factor, in volts per (metre per second squared);

is the absolute uncertainty for the calibration factor, in volts per (metre per second squared), at cali-
brated levels and frequencies (see A.2);

is the frequency linearity deviation, expressed as a percentage of the reference calibration factor for the
amplifier;

is the frequency linearity deviation, expressed as a percentage of the reference calibration factor for the
accelerometer;

is the amplitude linearity deviation, expressed as a percentage of the reference calibration factor for the
amplifier,;
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is the amplitude linearity deviation, expressed as a percentage of the reference calibration factor for the
accelerometer;

is the instability uncertainty for the amplifier gain, expressed as a percentage of the reference cali-
bration factor;

is the instability uncertainty for the accelerometer, expressed as a percentage of the reference cali-
bration factor;

is the tracking uncertainty for the amplifier range (errors in gain for different amplification settings),
expressed as a percentage of the reference calibration factor;

antal affante An tha armanlifiar Avinrscond o0 o o
—ETt e pe

o th rr. Ak AL oo
is-the-errorecaused-by-environmental-effects—o pHHer—expressed-as-a-pereentage of the refer-

ence calibration factor;

is the error caused by environmental effects on the accelerometer, expressed as a _percgntage of the
reference calibration factor.
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