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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 sensitivity 

- Part 17: Testing of fixed temperature sensitivity 

- Part 18: Testing of transient temperature sensitivity 

- Part 19: Testing of magnetic field sensitivity 

- Part 20: Primary vibration calibration by the reciprocity method 

Annex A forms an integral part of this part of IS0 5347. 
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INTERNATIONAL STANDARD IS0 5347=6:1993(E) 

Methods for the calibration of vibration and shock 
pick-ups - 

Part 6: 
Primary vibration calibration at 

1 Scope 

IS0 5347 comprises a series of documents dealing 
with methods for the calibration of vibration and shock 
pick-ups. 

This part of IS0 5347 lays down detailed specifi- 
cations for the instrumentation and procedure to be 
used for primary calibration of accelerometers at low 
frequencies. It applies to all kinds of pick-ups. 

This part of IS0 5347 is applicable for a frequency 
range from 0,5 Hz to 20 Hz and a dynamic range from 
1 m/s* to 200 m/s* (frequency-dependent) and from 
0,5 mm to 1 000 mm. 

The limits of uncertainty applicable are + 0,5 % of 
reading. 

2 Normative reference 

The following standard contains provisions which, 
through reference in this text, constitute provisions 
of this part of IS0 5347. At the time of publication, the 
edition indicated was valid. All standards are subject 
to revision, and parties to agreements based on this 
part of IS0 5347 are encouraged to investigate the 
possibility of applying the most recent edition of the 
standard indicated below. Members of IEC and IS0 
maintain registers of currently valid International 
Standards. 

IS0 5347-l :1993, Methods for the calibration of vi- 
bration and shock pick-ups - Part I: Primary vibration 
calibration by laser intetferometry 

low frequencies 

3 Apparatus 

3.1 Equipment capable of maintaining room 
temperature at 23 “C + 3 “C. - 

3.2 Guided fixture, to which the pick-up is at- 
tached. 

3.3 Vibration-motion generator, having the fol- 
lowing characteristics: 

frequency stability: better than + 0,Ol % of read- 
ing over the measurement period; 

total distortion: 5 % max. in terms of acceleration 
in frequency band from 0,5 Hz to 100 Hz; 

hum and noise: 50 dB min. below reading; 

transverse vibration: maximum 2 % of axial mo- 
tion. 

NOTES 

1 A flywheel (counterbalanced for the fixture mass) with 
a conical pin, working without play in a conical track on the 
fixture and giving the fixture and the pick-up a sinusoidal 
motion, can be used. 

The connection (including oil film) between the fixture and 
the flywheel should be stiff enough so that harmonics 
caused by the energy shift from the fixture to the flywheel 
and vice versa are negligible. 

The flywheel drive should be such that variations in the an- 
gular velocity of the flywheel do not exceed 0,2 %. 

2 If a crankshaft is used, it should be borne in mind that 
the movement is not sinusoidal: 

d = r(l - cos a) *$- sin2a 
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where 0,5; 1,o; 2,o; 5,o; 10; 20; 50; 100; 200; 500; 
a 000. 

d is the displacement; 

The following frequencies, in hertz! shall be used: is the crankshaft radius; 

is the length of the connecting rod; 0,5; l,o; 2,0; 5,0; 10; 20. 

a is the crankshaft angle. The reference displacement amplitude shall be 1 mm 
(second choice: 5 mm) and the reference frequency 
shall be 5 Hz (second choice: 1 Hz). 

The error caused by distortion 
the limits of error specified. 

should be shown to be within 

3 For small linear displacement amplitudes, there can be 
a significant difference between the calculated or measured 
displacement amplitude and the actual displacement along 
the axis of the pick-up being calibrated. Such difference may 
result from backlash, relative movement between parts of 
the calibration fixture, or rotational components of motion 
in a place containing the nominal axis of motion. A related 
source of error is disturbance of the nominally stationary 
part of the displacement-measuring equipment. All of these 
phenomena may be functions of frequency and of ampli- 
tude, and it is essential to ensure that the resulting errors 
are within the limits of error specified. 

5 Method 

5.1 Test procedure 

Check and set the displacement amplitude measuring 
system statically, and determine the error in the am- 
plitude. With the test pick-up mounted on the fixture, 
check for distortion and for deviations from rectilinear 
motion at the calibration frequencies. Check the am- 
plitude dynamically using the displacement-measuring 
system; care shall be taken to confirm that any dis- 
turbance of the nominally stationary part of the dis- 
placement pick-up does not exceed 0,2 % of the 
nominal displacement amplitude. 

3.4 Linear displacement-measuring system, for 
example a precision linear tranducer or a laser 
interferometer according to IS0 5347-l. 

The system shall be statically calibrated at the cali- 
bration amplitudes. The uncertainty shall be not 
greater than -I- 0,O’l mm. - 

At each of the amplitudes and frequencies, measure 
the output voltage of the pick-up to be calibrated. 

Determine the reference calibration factor at the ref- 
erence amplitude and reference frequency. 3.5 Counting instrumentation, covering the range 

from 0,5 Hz to 20 Hz and with uncertainty maximum 
& O,O% % of reading. Then determine the sensitivity for the other calibration 

frequencies and amplitudes. The results shall be given 
as a percentage deviation from the reference cali- 
bration factor. 

3.6 Voltage instrumentation for measuring true 
r.m.s., having the following characteristics: 

- frequency range: 0,5 Hz to 20 Hz; 5.2 Expression of results 

- uncertainty, maximum: k 0,l % of reading. 
5.2.1 If the pick-up senses displacement, calculate 
the displacement sensitivity, & in volts per metre, 
using the following formula: 

V =- % x 

The reading shall be calibrated in (single) amplitude 
he r.m.s. value shall be multiplied by a factor of 

2 to obtain (single) amplitude. 

3.7 Distortion-measuring instrumentation, capa- 
ble of measuring total distortion of 0 to 10 % and 
having the following characteristics: 5.2.2 If the pick-up 

velocity sensitivity, SyI 
[V/(m/s)], using the fo 

senses 
in volts 

velocity, calcu 
per (metre per 

formula: Ilowing 

late the 
second) 

- frequency range: 0,5 Hz to 100 Hz; 

sv = J-- 
27cfx - uncertainty, maximum: & 10 % of reading. 

3.8 Oscilloscope, for checking the waveform of the 
pick-up signal, with a frequency range from 0,5 Hz to 
2 000 Hz. 

5.2.3 If the pick-up senses acceleration, calculate 
the acceleration sensitivity, Sal in volts per (metre per 
second), using the following formula: 

sa =+ 
4d x 

4 Preferred amplitudes and frequencies 

The following displacement amplitudes in milli- 
metres, shall be used: where 

2 
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is the output from the pick-up to be cali- 
brated, in volts (single) amplitude; 

is the set displacement value checked for 
dynamic effects; 

is the frequency, in hertz. 

5.2.4 When the calibration results are reported, the 
total uncertainty of the calibration and the corre- 
sponding confidence level, calculated in accordance 

‘with annex A, shall also be reported. 

A confidence level of 99 % (second choice: 95 % 
confidence level) shall be used. 

3 
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Annex A 
(normative) 

Calculation of uncertainty 

A.1 Calculation of total uncertainty 

The total uncertainty of the calibration for the specified confidence level (for the purposes of this part of IS0 5347, 
CL = 99 % or 95 %), XcLl shall be calculated from the following formula: 

xr 
Xs 

is the random uncertainty; 

is the systematic uncertainty. 

The random uncertainty for a specified confidence level, Xr(cL), is calculated from the following formula: 

[ 

2 2 2 2 

1 

‘IL 
X 

r(CL) 

=+t 
erl +er2+er3+ - +e,, 

- 
n(n - 1) 

where 

erl’ er21 etc. are the deviations from the arithmetic mean of single measurements in the series; 

n is the number of measurements; 

t is the value from Student’s distribution for the specified confidence level and the number of 
measurements. 

The systematic errors sha II, first of 
into account by using the following 

X s(CL) = 
K 

T 3 
x es 

all, be eli minated or corrected. The remaining uncertainty, X S(CL)I 
formula: 

shall be taken 

K equals 2,0 for the 95 % confidence level (CL = 95 %) or K equals 2,6 for the 99 % confidence level 
(CL = 99 %); 

es is the absolute uncertai 
gain settings (see 8.2). 

nty for the calibration factor for cal d frequencies, amplitudes and amplifier 

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

The absolute uncertainty for the calibration factor, es, for calibrated frequencies, amplitudes and amplifier gain 
settings is calculated by the law of the combination of errors from the following formula: 

f ) l/2 

z= + { (-q*(+-)y+(~J~*( l;;ms J*(-pJ} 
I 

b d 
I a J 
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If the calibration factor has been calculated by using the value off(see 5.2), add the following factor to the above 
formula: 

ef 
2 

c-1 f 

If the calibration factor has been calculated by using the value off (see 5.2), add the following factor to the above 
formula: 

2e 2 

f 7 
f 

\f 

where 

sd 

x 

ex 

V 

eV 

/ 

is the 

is the 

is the 

is the 

is the 

4 ot 

arms 

aT 

a; 

aH 

f 

ef 

is the 

displacement sensitivity, in volts per metre (see 5.2); 

preset displacement value checked for dynamic effects; 

error for the preset displacement value, including dynamic effects; 

pick-up output, in volts; 

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

total distortion and is equal to 100 expressed as a percentage, in which qot, is 
the total true r.m.s. amplitude; \ arT-ms / 

is the true r.m.s. amplitude at driving frequency; 

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

is the maximum transverse sensitivity of the pick-up, expressed as a percentage of the transducer 
sensitivity in the measuring direction; 

is the amplitude caused by hum and noise; 

is the frequency, in hertz; 

is the absolute uncertainty for the frequency, in hertz. 

A.3 Calculation of the total absolute uncertainty for the calibration factor, est, over the I 
complete frequency and amplitude range . 

The absolute uncertainty for the calibration factor, calculated in accordance with A.2, is only valid for the calibration 
frequencies, amplitudes and amplifier gain settings. The total absolute uncertainty for the calibration factor, eSt, 
over the complete frequency and amplitude range is calculated from the following formula: 

, 

EP2 
2 J/2 

+ 100 ( )I 
S is the calibration factor; 

es is the absolute uncertainty for the calibration factor at reference frequency, amplitude and amplifier gain 
settings; 

%A2 is the frequency linearity deviation, expressed as a percentage of the calibration for the amplifier for the 
pick-up to be calibrated; 

5 
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