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INTERNATIONAL STANDARD

ISO 5347-6:1993(E)

Methods for the calibration of vibration and shock

pick-ups —

Part 6:

Primary vibration calibration at low frequencies

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 primary calibration of accelerometers at low
frequencies. It applies to all kinds of pick-ups.

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

The limits of uncertainty applicable are + 0,6 % of
reading.

2 Normative reference

The follow a G A
through reference in '[hIS text constrtute provusrons
of this part of ISO 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 ISO 5347 are encouraged to investigate the
possibility of applying the most recent edition of the
standard indicated below. Members of IEC and ISO
maintain registers of currently valid International
Standards.

ISO 5347-1:1993, Methods for the calibration of vi-
bration and shock pick-ups — Part 1: Primary vibration
calibration by laser interferometry.

3 Apparatus

3.1 Equipment capable of maintajning room
temperature at 23 °C + 3 °C.

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

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

— frequency stability: better than + 0,dJ1 % of read-
ing over the measurement period;

— total distortion: 5 % max. in terms of acceleration
in frequency band from 0,5 Hz to 10q Hz;

— hum and noise: 50 dB min. below reading;

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

NOTES

1 A flywheel (counterbalanced for the flxture mass) with
z k Bl track on the
flxture and glvmg the flxture 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:

2
d=r(1-cosa) +%l—sin2a
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where
d is the displacement;
r is the crankshaft radius;
1 is the length of the connecting rod;
o is the crankshaft angle.

The error caused by distortion should be shown to be within
the limits of error specified.

3 For small linear displacement amplitudes, there can be

0,5; 1,0; 2,0; 50; 10; 20; 50; 100; 200; 500;
1 000.

The following frequencies, in hertz, shall be used:
0.5; 1,0; 2,0; 5,0; 10; 20.

The reference displacement amplitude shall be 1 mm
(second choice: 5 mm) and the reference frequency
shall be 5 Hz (second choice: 1 Hz).
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bhall be calibrated in (single) amplitude

having the fol

5 Method

5.1 Test procedure

Check and set the displacementramplitude measuring
system statically, and detertnine the error in the am-
plitude. With the test pick=up mounted on thp fixture,
check for distortion andfor’ 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
nominaldisplacement amplitude.

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

Determine the reference calibration factor af{ the ref-
erence amplitude and reference frequency.

Then determine the sensitivity for the other calibration
frequencies and amplitudes. The results shall|be given
as a percentage deviation from the referehce cali-
bration factor.

5.2 Expression of results

5.2.1 If the pick-up senses displacement, falculate
the displacement sensitivity, Sy, in volts pgr metre,

value shall be 'multiplied by a factor of using the following formula:
(single) amplitude.
Sd = %
bn-measuring instrumentation, capa-
ring ‘total distortion of 0 to 10 % and ) ,
oMina-eharactarictiog: 522 |f the pick-up senses velocity calcdlate the

— frequency

VvV oriairaCteTISTIC S,

range: 0,5 Hz to 100 Hz;

— 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.

4 Preferred amplitudes and frequencies

The following displacement amplitudes, in milli-

metres, shall be used:

velocity sensitivity, S,, in volts per (metre per second)
[V/(m/s)], using the following formula:

-V
v 2nfx

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

|4
Se=—5—
¢ 4n2f2x

where


https://standardsiso.com/api/?name=6e8fcd6f71e0cc06c03e2716d6c5d60a

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.

ISO 5347-6:1993(E)

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.
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Annex A
(normative)

Calculation of uncertainty

A.1 Calculation of total uncertainty

The total unc

brtainty of the calibration for the specified confidence level (for the purposes of this part.ofi

CL =99 % ot 95 %), X¢,, shall be calculated from the following formula:
Xo =+ \/X,2 + X2
where |
X, is|the random uncertainty;
X is[the systematic uncertainty.
The random {incertainty for a specified confidence level, X, ¢, is calculated from the following formula:
o ’I: A+ el rest . +el ]1/2
UG | nin-1)
where
€. e, efc. are the deviations from the arithmetic mean of single measurements in the series;
n is the number of measurements;

¢

The systema
into account

Xsen =T= %6
s(CL) \/3—
where
K equals 2,0 forthe 95 % confidence level (CL = 95 %) or K equals 2,6 for the 99 % confide
QL = 99 %),
eg is|thetabisolute uncertainty for the calibration factor for calibrated frequencies, amplitudes and

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

tic errors shall, first of all, be gliminated or corrected. The remaining uncertainty, Xy, shall
by using the following forniula:

gafin settings (see A.2).

50 5347,
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A.2 Calculation of the absolute uncertainty for the calibration factor, ¢, for calibrated
frequencies, amplitudes and amplifier gain settings

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

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

(%)

where
Sq is the displacement sensitivity, in volts per metre (see 5.2);
X is the preset displacement value checked for dynamic effects;
e, is the error for the preset displacement value, including dynamic effects;
1% is the pick-up output, in volts;
ey is the absolute error for the pick-up voltmeter output, in volts;
112
af a2
dioy | is the total distortion and is equal to 100 % ~expressed as a percentage, in Which a, is
the total true r.m.s. amplitude; Ams

ams | IS the true r.m.s. amplitude at driving frequency;

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

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

ay is the amplitude caused by hum andwnoise;

f is the frequency, in hertz,

e is the absolute uncertainty for.the frequency, in hertz.

A.3 Cglculation of the total absolute uncertainty for the calibration factor, ¢ .| over the
complete frequency and amplitude range

The absolpte uncertaintyforthe calibration factor, calculated in accordance with A.2, is only valid for the calibration
frequencigs, amplitudes-and amplifier gain settings. The total absolute uncertainty for the calibratiop factor, e,
over the gomplete freguency and amplitude range is calculated from the following formula:

2 2 2

2 2 2 2 2 2
St | 5. Lipa Lip, Lap2 Lapy Ip2 Ip, R, En2
s "i[(sj+(1ooJ+[1oo)+[1oo 700 ) (700 ) F{ 700 ) Tl 700 ) T\ oo ) *
21/2
o[ Ee2
100

where
S is the calibration factor;
e is the absolute uncertainty for the calibration factor at reference frequency, amplitude and amplifier gain

settings;

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