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INTERNATIONAL STANDARD

ISO 5347-10:1993(E)

Methods for the calibration of vibration and shock

pickrups
Part|10:

Primary calibration by high impact shocks

1 Scgpe

ISO 534 comprises a series of documents dealing
with methods for the calibration of vibration and shock
pick-ups|

3 Apparatus

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

This pa
cations
used fof
celerom
mainly @
primary

This par
from 10
10° m/s

The limi
ing.

t of ISO 5347 lays down detailed specifi-
For the instrumentation and procedure to be
primary high impact shock calibration of ack
bters. It applies to rectilinear accelerometérs,
f the piezoelectric and piezoresistive type, to
standards and working accelerometers!

t of ISO 5347 is applicable for a, time range
us to 100 us and a dynamic range from
to 10° m/sz.

b of uncertainty applicable is + 10 % of read-

3.2 High impact shock machine, with {
steel rods, one acting as a hammer and
an anvil to which the accelerometer is atf

The hammer-rod can be shot or permitted
and to strike the anvil-rod which is pern
celerate freely and later to be caught up
or braking device.

At the strike, the longitudinal resonance
excited in the anvil-rod.

The contact of the two rod surfaces and
material between them shall be made
generated stress pulse approximates a ha
having a duration equal to half the period

wo long thin
the other as
ached.

to fall freely
nitted to ac-
by a spring

frequency is

the cushion
so that the
If-sine pulse
bf resonance

2 Normative reference

of the rod in its fundamental longitudinal /mode.

A number of anvil-rods shall be used, gne for each
desired pulse duration.

The f0| Willg bidlluldlU' LUllldillb plUVibiUllb Wilib;l,
through reference in this text, constitute provisions
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.

The Tesonance period of the rod, T, i seconds, can
be estimated from the following formula:

/

T'=5%00

where [ is the rod length, in metres.

In order to avoid coupling of reflected stress pulses in
the hammer-rod into the anvil-rod at the moment of
impact, the length of the hammer-rod should be about
half the length of the anvil-rod.

Strain gauges, having a maximum effective length of
0,3 mm, shall be mounted on the anvil-rod in order to
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measure strain for acceleration calculations. The cen-
tre of the strain gauges shall be applied at a distance
of one rod diameter from the end where the acceler-
ometer is mounted. The cross-sectional area of the
rod at the point where the strain gauges are applied
shall be measured with an error of less than + 1 %.
The rod mass between the point where the strain
gauges are applied and the point at which the ac-
celerometer is mounted and the accelerometer mass
shall be determined with an error of less than + 1 %.

If there are filters in the amplifier, the filter cut-off
frequency settings shall comply with the filter settings
specified in 3.4. The frequency response shall be flat
within + 3 dB from 0,008/T to 10/T, where T is the
pulse duration.

4 Preferred pulse durations and
accelerations

Shock pulse durations shall be chosen from between

3.3 Acceleration/time and strain/time recording
equipment, comprising a digital memory oscilloscope
or digital transient recorder for two channels with
peak amplityde detector and a three-digit indicator
display for peak pulse amplitude, or a strip chart or
X-Y recorder|to obtain a readout of the stored tran-
sient.

The equipment shall have the following character-
istics:

— range: 0,1 us to 100 us and 0 to 50 V;

— uncertainfy for amplitude: maximum + 2 % of
reading;

— amplitudg| linearity: 1 % max. deviation from best
fit line.

3.4 Filters.
The use of filters shall be avoided.

If filters havg to be used, the —3 dB lower limiting
frequency shpll be lower than 0,008/T and the'— 3 dB
upper limiting frequency shall be higher than 10/T,
where T is the pulse duration.

3.5 Strain gauge, with a d.c.\voltage supply, and
amplifier, with no filtering @nd”having the following
characteristicp:

— frequency| response! flat within + 3 dB from

TU pus and 100 us.

Accelerations shall be chosen from~ between
10° m/s? and 10° m/s?

5 Method

5.1 Test procedure

For high impact shockcalibrations, the sinuspidal vi-
bration calibration (factor determined accorfling to
ISO 5347-1 shallbe used as reference calibrafion fac-
tor.

The shock " motion calibrations are then dsed to
measure‘the amplitude linearity deviations at high ac-
celerations.

By using rods of different lengths and consequently
different resonance frequencies and dropping them
from different heights, determine the shock gensitiv-
ity at the standard selected shock pulse duratipns and
accelerations and for the standard amplifief range
switch positions.

The results shall be given as a percentage deviation
from the sinusoidal reference calibration factor.

5.2 Expression of results

Calculate the acceleration, ag,, in metres per [second
squared, from the strain measurements in acc¢rdance
with the following formula (see also annex A)

ExA

0,008/T tq 10/Twhere T is the pulse duration; st = T, +my <&
— linearity: hetter than + 0,05 % from best fit line; where
- square metre;
. S - o
— calibrated amplification ranges within + 0,5 %. A is the cross-sectional area of the rod, in
square metres, at the point where the
3.6 Other apparatus requirements. strain gauges are applied;
my is the rod mass, in kilograms, between the

The accelerometer shall be structurallg( rigid. The base
strain sensitivity shall be < 0,2 x 107° m/s? at a base
strain of 2,5 x 107* m/s?, the transverse sensitivity
<2% and the stability of the acceler-
ometer/amplifier combination shall be better than
0,2 % of the reading per year.

point where strain gauges are applied and
the transducer;

m, is the pick-up mass, in kilograms;

€ is the strain as a function of time.
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Calculate the shock sensitivity, Sy, expressed in volts
per (metre per second squared) [V/(m/s )], using the
foIIowmg formula:

my +my « Foeak
ExA €peak

Ssh =

where

my, my, E and A are as given above;

ISO 5347-10:1993(E)

The acceleration and strain curves shall aiways be
checked directly on an oscilloscope or recorder with-
out filters and amplifiers.

NOTE 1 If there is a zero shift in the signal, the zero point
immediately before the shock and the shifted zero point
immediately after the shock shall be connected by a straight
line, this line being the baseline for acceleration determi-
nation.

When the calibration results are reported, the total

i f the strain . o )
Epeak LS”rEtf, peak value of t uncertainty of the calibration and the corresponding
7 confidence level calculated in_accordance with
| is the peak value of the acceler- annex B, shall also be reported.

ation curve, in volts.

A confidence level of 95 % shall be.tsed
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Annex A
(normative)

Formulae for the calculating of acceleration

A schematic diagram for aid in calculating acceleration from strain measurements is shown in figure A.1

Area A
/—_ Strain gauges
——
4 /_—

N\
Mass m __5/ Height equal to one
/ rod diameter
/ |
Mass m, -
—~—— pick-up
Figure A.1

The mass below the strain gauges-shall be considered as being rigid.

At the cross-gection at the point where the strain gauges are applied, the following formulae apply;
F=(mH{my) xa
F=pxA
p=Exg¢g

ExexA=(m+my)xa

a= ”ﬁ—j% x &
where
F is the force;
m, is the mass between the strain gauges and the pick-up;

m, is the mass of the pick-up;

A is the cross-sectional area at the point where the strain gauges are applied:;
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E is the modulus of elasticity;
£ is the strain measured by the strain gauges;
p is the pressure in pascals.
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Annex B
(normative)

Calculation of uncertainty

B.1 Calculation of total uncertainty

The total undertainty of the calibration for the specified confidence level (for the purposes of this part of ISD 5347,
CL = 95 %), g5, shall be calculated from the following formula:

Xos = + [V X7 + X2

where
X, is| the random uncertainty;
X is| the systematic uncertainty.

The random funcertainty for the specified confidence level, X, qs), is calculated ffom the following formula:

12
2 2
t[ 2+2+++]

Xiom = F n(n-1)

where

€. €, gtc. 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 systemattic errors shall, first of all, be eliminated or corrected. The remaining uncertainty, X;s), shall Qe taken
into account|by using the following formula;

K
Xs@5) = T7/— % €s5h
5

where
K equals 2,0 for the'95 % confidence level;
essh 15| the absolute uncertainty for the shock calibration factor at calibrated levels, expressed in vplts per
(metre persecond squared) (see B.2).
B.2 Calculati i i i t

calibrated levels

The absolute uncertainty for the shock calibration factor, e ¢, in volts per (metre per second squared), at calibrated
levels, is calculated by the law of combination of errors from the following formula:

€5 e ¥ /o o V2 o ¥ . ¥ e V . 2712
5 my m, £ A a s P
=4 || 2 T ZE A il
Ssh _[(m’)+(”"")+(E)+(A]+(apeak)+(£peak)+(1))}

where

Ssn  is the shock sensitivity (amplitude-dependent), in volts per metre second squared;
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m, is the rod mass, in kilograms, between the point where the strain gauges are applied and the acceler-
ometer;
€m, is the uncertainty for the rod mass between the point where the strain gauges are applied and the

accelerometer, in kilograms;

m, is the accelerometer mass, in kilograms;

is the uncertainty for the accelerometer mass, in kilograms;

ny,

E is the modulus of elasticity, in newtons per metre squared;

)

A is the cross-sectional area of the rod, in square metres, at the point where the strain_galiges are ap-
plied;

e, is the uncertainty for the cross-sectional area of the rod at the point where the.strain galiges are ap-

plied, in square metres;

aheaq IS the accelerometer output, in volts;

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

€peak| IS the strain value;

e, is the uncertainty in strain;

P is the voltage supply to the strain gauges;

ep is the uncertainty for the voltage supply to the strain‘gauges.

If the acgelerometer has a voltage supply, add the followingfactor to the above formula.
2

#)

where

P, is the voltage supply to the accelerometer;

ep, is the uncertainty for the-veftage supply to the accelerometer.

B.3 Chplculation of the total absolute uncertainty for the shock calibration factpr, ¢ .,
outside the calibrated values

The absglute uncertajnty.for the shock calibration factor, calculated in accordance with B.2, is valid ¢nly for cali-

brated values. The total absolute uncertainty for the shock calibration factor, eg ¢, in volts per (metre| per second
squared)| outside €alibration values is calculated from the following formula:

2 2 2 2 2 2
Es.shyt essh | [ L ’ o[ L ’ o Loar ) (L ) (L ) (e ) (R
S Ssh 100 100 100 100 100 100 100
2 2

2 2 2 2 2 2 2
Epy Ep, Lino Lip, Lona Lapy Iny Ip, R,
+(100J+(100 700 ) *{ 700 ) {700 ) {00 ) T{F00 ) T{Fo0 ) Tl Fo0 ) *

2 2 2 2 2 2 172
+ Epp + Ep, : + Ly ’ + Ly + I + E, + Ec 4 E, + Ey Y
100 100 100 100 100 100 100 100 100

+

+

where
Ssn  Is the shock sensitivity (amplitude-dependent), in volts per (metre per second squared);

essn  Is the absolute uncertainty for the shock calibration factor, in volts per (metre per second squared) (see
B.2);
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Lips
Lip,

LaA‘I

is the frequency linearity deviation, expressed as a percentage, for the strain gauge amplifier;
is the frequency linearity deviation, expressed as a percentage, for the strain gauges;
is the amplitude linearity deviation, expressed as a percentage, for the strain gauge amplifier;
is the amplitude linearity deviation, expressed as a percentage, for the strain gauges;
is the instability error for the strain gauge amplifier gain, expressed as a percentage;

is the instability error for the strain gauges, expressed as a percentage;

i§ the frequency linearity deviation, expressed as a percentage of thecalibration factor for the
to be calibrated;

i§ the amplitude linearity deviation, expressed as a percentageof, the calibration factor for the
for the pick-up to be calibrated;

i§ the amplitude linearity deviation, expressed as a percentage of the calibration factor for thg
to be calibrated;

ig the instability uncertainty for the amplifier gain, ahd source impedance error, expressed a
centage of the calibration factor for the amplifier;for the pick-up to be calibrated;

i the instability uncertainty for the pick-up_toybe calibrated, expressed as a percentage of the ca
factor;

the range tracking error (errors inrgain for different amplification settings), expressed as a pe
the calibration factor for the amplifier for the pick-up to be calibrated;

the uncertainty caused by environmental effects on the pick-up to be calibrated, expresg
rcentage of the calibration factor;

s a per-

ntage;

amplifier

pick-up

hmplifier

pick-up

s a per-

libration

centage

pressed

ed as a

r for the

r for the

factor;

is the uncertainty caused by environmental effects on the low-pass filter, expressed as a percentage;

is the error caused by acceleration/time and strain/time curves deviation from the true harmonic, ex-

pressed as a percentage;

is the uncertainty, expressed as a percentage in comparison measurements of acceleration p

eak and

strain peak values; this error includes reading errors or chart recording and chart reading errors and

signal channel difference errors;

is the uncertainty caused by environmental effects on recording equipment, expressed as a percentage.
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