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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: Resonance frequency testing of undamped accelerometers

on a steel block
— Part 15: Testing of acoustic sensitivity
— Part 16: Testing of mounting torque sensitiyity
— Part 17: Testing of fixed temperature sensitivity
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Annex A forms an integral\part of this part of ISO 5347.
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INTERNATIONAL STANDARD

ISO 5347-3:1993(E)

Methods for the calibration of vibration and shock

pick-ups —

Part 3:
Secopdary vibration calibration

1 Scope

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

This parf of ISO 5347 lays down detailed specifi-
cations for the instrumentation and procedure-to be
used for [secondary vibration calibration of-rectilinear
pick-ups and working pick-ups.

It is appliable for the following parameters:

— frequency
range:

— dynamic range:

20 Hzto5 000 Hz;

0,1-gm to 10 mm
{frequency-dependent);

1T mmj/s to 10 m/s
(frequency-dependent);

The limits of uncertainty applicable are as follows:

for displacement and velocity pick-ups 20 Hz to
1 000 Hz: + 4 % of reading;

for accelerometers 20 Hz to 1 000 Hz: + 2 % of
reading;

for accelerometers 20 Hz to 2 000 Hz: + 3 % of
reading;

for accelerometers 20 Hz to 5 000 Hz: + 5 % of
reading.

2 Normative reference

The following standard contains provi

sions  which,

through reference in this text, constitute -provisions
of this part of ISO 5347. At the time of pyblication, the

edition indicated was valid. All standard

5 are subject

to revision, and parties to agreements Qased on this

part of ISO 5347 are encouraged to in

estigate the

possibility of applying the most recent gdition of the

standard indicated below. Members of
maintain registers of currently valid
Standards.

|EC and ISO
International

ISO 5347-1:1993, Methods for the calipration of vi-
bration and shock pick-ups — Part 1: Prirpary vibration

calibration by laser interferometry.

3 Apparatus

3.1 Equipment capable of maintajning room

temperature at 23 °C + 3 °C.

+ 0,6 % at selected frequency and acce

calibrated

10 m/s? to 1 000 m/s* 3.2 Primary standard accelerometdr,
(frequency-dependent). together with amplifier in accordance ﬂith the laser-
j 7-1)  within

leration.

3.3 Frequency generator and indicator, having the

following characteristics:

— uncertainty for frequency: maximum + 0,1 % of

reading;

— frequency stability: better than + 0,1
over the measurement period;

over the measurement period.

% of reading

— amplitude stability: better than + 0,1 % of reading
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3.4 Power amplifier/vibrator combination, having

the following

charateristics:

— total distortion: 5 % max.;

— transverse, bending and rocking accelerations:
kept to a minimum, 10 % max. of the acceleration
in the intended direction at used frequencies;

- Lo AN 0/ ia marmeittad-
above 1 000 Hz, 30 % is permittea;

— hum and noise: 40 dB min. below full output;

5 Method

5.1 Test procedure

Mount the primary standard acceierometer (3.2) and
the pick-up to be calibrated back-to-back on the vibra-
tor head. The test set-up shall be as shown in

fiqure 1
rigure 1.

Check the distortion and transverse movement for the
two pick-ups at the calibration frequencies and levels.

— acceleratipn

amplitude stability: Dbetter than

+ 0,1 % df reading over the measurement period.

Base strain
tachment su
factor.

3.5 Voltag
r.m.s. at acc

characteristic$:

— frequency

— uncertaint

The r.m.s. va

troduced to the pick-up from the at-
aces shall not influence the calibration

instrumentation measuring true
lerometer output, having the following

p

range: 20 Hz to 5 000 Hz;

y, maximum: £+ 0,1 % of reading;

ue shall be multiplied by a factor of \/2—

to obtain (single) amplitude used in the formulae.

3.6 Distorti
ble of meast
having the fol
— frequency

— uncertaint

bn-measuring instrumentation, capa-
ring total distortion of 0 to 10 % and
owing characteristics:
range: 5 Hz to 10 kHz;

, maximum: £+ 10 % of reading.

3.7 Oscilloscope (not mandatory), for checking of

waveform of
range from 5

the pick-up signalxhaving a frequency
Hz to 5 000 Hz

4 Preferr

Measure the output voltage for the two pick{ups.

Determine the reference calibration factor af the ref-
erence frequency, for accelerometers’ prefgrably at
160 Hz (second choice: 80 Hz), and-at the referenc%
amplitude, for accelerometers_preferably at 00 m/s

(second choice: 10 m/s?).

Then determine the calibration factor at the ¢ther cal-
ibration frequencies and-amplitudes. The resliits shall
be given as a percentage deviation from the reference
calibration factor

5.2 Expression of results

If the two pick-ups sense the same vibration|parame-
ter,xcalculate the calibration factor of the plck-up to
be-calibrated, S,, using the following formula

X2
S2 = W X S1
where
S, is the calibration factor of the| primary
standard;
X is the output from the primary stajndard;

X is the output from the pick-up td be cali-
brated.

If the two pick-ups sense different vibration|parame-
ters, calculate the calibration factor of the s¢condary
pick-up, using the following formulae:

series:

d amplitudes and frequencies
L, =2n fx S,

Six amplitudgsand six frequencies equally covering —4 zf'z

the pick-up range shall be chasen from the following Sg=4n X S
Sd = 21‘:f>( SV

a) Amplitude, in metres per second squared: where

1,2, 5, 10 or their multiples of ten. S, is the acceleration calibration factor;

S, is the velocity calibration factor;

b) Frequency, in hertz:

20, 40, 80,
5 000.

160, 315, 630, 1250, 2 500,

Values chosen shall be the same as for the standard
accelerometer calibration values.

Sy is the displacement calibration factor;
f is the frequency of the vibrator, in hertz.

When the calibration results are reported, the total
uncertainty of the calibration and the corresponding
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confidence level, calculated in accordance with A confidence level of 95 % shall be used.
annex A, shall also be reported.

Powe.r. Frequency
amplifier (3.4) generator and
indicator (3.3)

/N

Vibrator (3.4)

Primary
= standard (3.2)

Pick-up
for calibration

>>} Voltmeter (3.5)

Amplifier

Distortion
meter (3.6)

9
|
} Oscilloscope (3.7
J
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Annex A
(normative)

Calculation of uncertainty

A.1 Calculation of total uncertainty

The total unchrtainty of the calibration for the specified confidence level (for the purposes of this part of 1§

CL =95 %), X
Xgs = 1 1
where
X, is
X is

The random

Xi95) = 1
where

€10 €2 e

n

¢

The systematic errors shall, first of all, be gliminated or corrected. The remaining uncertainty, Xs), shall

into account

Xs@5) =
where
K eq
es, is
qu

g

45, shall be calculated from the following formula:

JX,Z +X§

the random uncertainty;
the systematic uncertainty.

ncertainty for the specified confidence level, X, g, is calculated from the following formula

[

c. are the deviations from the arithmetic mean;of single measurements in the series;

2 2 2 2
e” +er2+ e,3+ +em
a(n—-1)

is the number of measurements;

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

by using the following formuta:

X 332

uals 2,0 for\the 95 % confidence level;

the absolute uncertainty for the calibration factor of the secondary pick-up for the calibr
encies, amplitude and amplifier gain settings (see A.2).

0O 5347,

mber of

be taken

ated fre-

A.2 Calculation of the absolute uncertainty for the calibration factor, ¢, for calibration
frequencies, amplitudes and amplifier gain settings

The abso!ute uncertainty for the calibration factor for the secondary pick-up, es, for the calibration frequencies,
amplitudes and amplifier gain settings is calculated by the law of combination of errors from the following formula:

%,
S2

1/2
2

e S, )

Sy

2ey,
|4

ot
100

2(1H
a

arly
1004,

T,
100a;ns

(e () () oo (o T
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If the calibration factor has been calculated by using the value of f (see 5.2), add the following factor to the formula
above:

2
7)
f
If the calibration factor has been calculated by using the value of/2 (see 5.2), add the following factor to the formula
above:

(%)

where

S, is the calibration factor of the pick-up to be calibrated (see 5.2);

Sy is the calibration factor of the primary standard,

Sy is the displacement calibration factor (see 5.2);

S, is the velocity calibration factor (see 5.2);

S, is the acceleration calibration factor (see 5.2);

e is the total absolute uncertainty for the reference standard’ piek-up and amplifier combination (not
0,5 %) calculated in accordance with total uncertainty caletlation of the primary standard calibration
method (see ISO 5347-1); it is dependent on selected{frequency, amplitude and primary standard
amplifier gain setting {see note 1),

Vv is the pick-up output, in volts;

ey is the absolute error for the pick-up voltmeter output, in volts;

5 2 1/2
; ; ; ; ot ~ Grms
diey | is the total distortion and is equal to 100 ———— | , expressed as a percentage,
Gms

in which
a is the total true r.m.s-acceleration, in metres per second squared;

ams IS the true r.m.§-acceleration at driving frequency, in metres per second squafed;

ar is the transverse, rocking and bending vibration, in absolute measures;

T, is the maximum tfansverse sensitivity of the pick-up to be calibrated, expressed as a percgntage of the
transducer sensitivity in the measuring direction;

T, is the maximum transverse sensitivity of the reference pick-up, expressed as a percentage of the
transducer’sensitivity in the measuring direction;

ay is thexamplitude caused by hum and noise, in metres per second squared;

f is,the frequency of the vibrator, in hertz;

€ is the absolute uncertainty for the frequency of the vibrator, in hertz.

NOTE 1  The total absolute uncertainty for the calibration factor of the primary standard pick-up and amplifier combination,
e5,, when they are used for values outside calibrated frequencies and amplitudes in accordance with the primary vibration cali-
bration method, is calculated from the following formula:

112
ﬁ=:t ﬁ2+ Lin 2+ Lip 2+ Laa 2+ Lyp 2+ I 2+ s 2+ R 2+ En 2+ E Y
N S 100 100 100 100 100 100 100 100 100

where

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