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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International 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 on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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M
tr

ethods for the calibration of vibration and shock
ansducers —

Part 45:
In-situ calibration of transducers with built in

calibration coil

1

Th
lab
sel]
usq

Th

transducers with built-in calibration coils in the frequency range typically from 0,1 Hz to 100

Th

2
Th

comstitutes requirements of this document-Y¥or dated references, only the edition cited aj

un

ISC

3
Fo1
ISQ

3.1
vih

Scope

s document specifies the calibration of vibration transducers with builfin calibratio
oratory and in situ. In laboratory, the method described can be appliedsto calibrate the
sitivity and electrical sensitivity, and to obtain the coefficient of calibration coil. In situ
bd to calibrate the electrical sensitivity and vibration sensitivity using‘electrical instrume

s document specifies the instrumentation and procedure forperforming calibrations of
b expanded uncertainty can be evaluated using the methad given in this document.

Normative references
b following documents are referred to in.the‘text in such a way that some or all of thg

Hated references, the latest edition of thereferenced document (including any amendment

16063-1, Methods for the calibratien’of vibration and shock transducers — Part 1: Basic con

Terms and definitions
the purposes of this doeument, the following terms and definitions apply.
and I[EC maintajn.fetminological databases for use in standardization at the following ad

SO Online brewsing platform: available at www.iso.org/obp

IEC ElecCtropedia: available at www.electropedia.org

ration transducer with built-in calibration coils

n coils in
vibration
, it can be
ntation.

vibration
Hz.

ir content
pplies. For
5) applies.

cepts

Hresses:

vil

ratiom trarrsducer employing catibration coils as intermatexciting etfements forwiichseisn

ic mass is

excited to vibrate by electromagnetic force produced by the exciting electrical signal of the calibration coil

EXAMPLE1 Pendulum.
EXAMPLE 2  Seismometers and electromagnetic transducers with built-in calibration coils.
3.2

electrical sensitivity
<for vibration transducer with built-in calibration coils> ratio of the electrical output of the vibration
transducer to the exciting electrical signal of the calibration coil in the absence of mechanical excitation
parallel to a specified axis of sensitivity (3.3) at the mounting surface

© IS0 2017 - All rights reserved
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3.3

sensitivity

<for linear transducer> ratio of the transducer electrical output to its mechanical input during
sinusoidal excitation applied parallel to a specified axis of sensitivity at the mounting surface

3.4

coefficient of calibration coil

<for vibration transducer with built-in calibration coils> ratio of the electrical sensitivity (3.2) to
sensitivity (3.3)

Note 1 to eptry- The coefficient of calibration coil is frr-\qnpnrv dr—\ppndpnr

4 Calihration

4.1 General

The princfple of a vibration transducer with built-in calibration coils is illustrated’in Figure 1. The
pendulum| vibrates under the inertia force produced by measured vibration. A calibration coil can|be
used to prjoduce the equivalent electromagnetic force to simulate the inertial force required to vibrpte
the pendufum.

1 2
E
Ue B
3
4 ——PX
4
Key
1 pendujum Ue exciting electrical signal of the calibration coil
2 sensing element E  output electrical signal of the transducer
3 calibrdtion coil X  vibration measured by the transducer
4  measured«ibration

Figure 1 — Principle of a vibration transducer with built-in calibration coils

The signals and instrumentations used in the calibration of vibration transducers with built-in
calibration coils are shown in Figure 2.

2 © IS0 2017 - All rights reserved
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frequency generator and indicator ¢ coefficient of calibration coil

vibration transducer with built-in calibration coils Sv  sensitivity

voltage measuring instrumentation E  output electrical signal of the transducer
exciting electrical signal of the calibration coil X  vibration measured by the transducer

Figure 2 — Measuring system for calibration of a vibration transducer with bui
calibration coils

b electrical sensitivity of the vibration transducer with built-in calibration coils i

mula (1):

E
S=—
Ue
b sensitivity of the vibration transducer with builtsin calibration coil is given in Formula (4
E
Sv=—
X

e coefficient of calibration coil is given-in Formula (3):

S

c=—
Sv

rording to Formula (1) to Formula (3), the electric sensitivity of the vibration transducer
falibration coil can desetibed as given in Formula (4):

S=cSv
TE Further information on the application of calibration coils is given in Annex C.

. Lalibration procedure

t-in

given in

e8]

(2)

(3

lvith built-

(4)

4.2.1 General

Calibration of vibration transducers with built-in calibration coils comprises two parts: calibration in
laboratory and in-situ calibration.

Before the transducers are employed in situ, calibration can be made in laboratory: the sensitivity
can be calibrated by primary or comparison methods; the electrical sensitivity can be calibrated by
the frequency generator and indicator and voltage measuring instrumentation; and the coefficient of

cal

ibration coil can be calculated according to Formula (3).

After the transducers are employed in situy, the electrical sensitivity can be calibrated by the frequency
generator and indicator and voltage measuring instrumentation and the sensitivity can be calculated
according to Formula (4) using the coefficient of calibration coil obtained in laboratory.

© IS0 2017 - All rights reserved
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4.2.2 Calibration in laboratory

4.2.2.1 Calibration of the sensitivity

Determine the sensitivity at the reference frequency ( f.of) and acceleration ( X ¢ ) using primary or
comparison methods. The amplitude of output electrical signal of the transducer isE ...
E

_ Lref
Svref - X
ref

Then, det¢rmine the sensitivities at other calibration frequencies and accelerations using primary] or
comparisqn methods.

4.2.2.2 [alibration of the electrical sensitivity

At the ref¢rence frequency ( fif ), adjust the exciting electrical signal of the calibratign-oil so that the
amplitudg of output electrical signal of the transducer equals E ..;. The amplitude‘ofexciting electrical
signal (Uq,.r) is being measured simultaneously. The electrical sensitivity at\the reference point is
given as fgllows:

S ] Eref

ref —|
Ue ref

Then, det¢rmine the electrical sensitivities at other calibratipemnpoints using the frequency generaftor
and indicdtor and voltage measuring instrumentation.

4.2.2.3 [alibration of the coefficient of calibration.ceil
The coeffirient of calibration coil at the reference point is calculated according to Formula (3):

S

ref

Cref =
re SV

ref

Then, calcjulate the coefficient of calibration coil at other calibration points.
4.2.3 In-situ calibration

4.2.3.1 [n-situ calibration of the electrical sensitivity

At the refgrence frequency ( fr ), adjust the exciting electrical signal of the calibration coil so that the
amplitudg of output.electrical signal of the transducer equals E ... The amplitude of exciting electrical
signal (Uq,..p)\Is being measured simultaneously. The electrical sensitivity at the reference poing is
given as fgllows:

E ref
Uleef

SZref =

Then, determine the electrical sensitivities at other calibration points using the frequency generator
and indicator and voltage measuring instrumentation.

4 © IS0 2017 - All rights reserved
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4.2.3.2 In-situ calibration of the sensitivity

At the reference point, according to Formula (4), the sensitivity is calculated using the coefficient of
calibration coil calibrated in laboratory.

S
S 2ref
Voref =

ref

Then, calculate the sensitivities at other calibration points.

4. Prelerred amplitudes and irequencies

The frequencies, each with associated accelerations, velocities or displacements (amplitude or r.m.s.
value) equally covering the transducer range, should preferably be chosen from the fallowing series.

a) | Accelerations (m/s2), velocities (m/s) and displacements (mm):
Magnitude values should be selected in 1 - 2 - 5 steps, e.g. 0,01; 0,02; 0,05;°0,1; 0,2; 0,5; 1] 2; 5; 10 ...
NOTE The selected amplitudes depend on the measurement type and.range of the transducerfcalibrated.
b) | Frequency (Hz):

Selected from the standardized one-third-octave-frequency series (see ISO 266) betw¢en 0,1 Hz
and 100 Hz (or the series of radian frequencies evolvingfrom w = 1 000 rad/s).

5 | Uncertainty of measurements

5.1 Allusers of this document shall make uncertainty budgets in accordance with Annex A tol[document
thdir level of uncertainty. An example is given-in Annex B.

To |help set up systems fulfilling different requirements and environmental conditions, twol examples
arg¢ given in a) and b) below. For each,'system requirements are set up and the attainable uncprtainty is
given. These two examples are used-throughout this document.

a) | Example 1

The sensitivity is calibrated by primary means and documented uncertainty. In th¢ primary
vibration calibration’laboratory, the electrical sensitivity and coefficient of calibratign coil are
measured. In sitin(for example, cave with seismometers), the electrical sensitivity and $ensitivity
are measured. The environmental conditions are well controlled within the limits given fin Table 1.
The electrieal instrumentations fulfil the requirements given in Table 2 and Table 3.

Table 1 — Environmental conditions for Example 1

Site Parameter Limit
Temperature (23+3)°C
Vibration calibration laboratory Relative humidity 75 % max.
Environmental vibration VC-E (3 um/s)
Temperature (23 +10)°C
In situ Relative humidity 75 % max.
Environmental vibration VC-E (3 um/s)
NOTE VC-E is described in ISO/TS 10811-2:2000, Clause 7.

© IS0 2017 - All rights reserved 5
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Table 2 — Frequency generators and indicators for Example 1

Parameter Unit Limit

Frequency uncertainty % 0,05 %

. % of reading over the
Frequency stability measurement period 0,05 %

. . % of reading over the
Amplitude stability measurement period 0,05 %

Table 3 — Voltage measuring instrumentation for Example 1

Parameter Unit Limit
Frequency range Hz 0,1 Hz~100_Hz
Relative expanded uncertainty of voltage % 052

b) Example 2

The s¢nsitivity is calibrated by comparison means and documented uncertainty. In the comparigon
vibrafiion calibration laboratory, the electrical sensitivity and coefficient of calibration ¢oil
are njeasured. In situ (for example, bridges furnished with electrgmagnetic transducers), the
electrfical sensitivity and sensitivity are measured. The environmiental conditions are such that
only less narrow tolerances can be maintained, as per the limits given in Table 4. The electrical
instrymentations fulfil the requirements given in Table 5 and. Table 6.

Table 4 — Environmental conditions for Example 2

Site Parameter Limit

Temperature (23+5)°C

Vibration ¢alibration laboratory Relative humidity 75 % max.
Efivironmental vibration VC-D (6 um/s)
Temperature (-40~60) °C

In situ Relative humidity 90 % max.
Environmental vibration VC-B (25 um/s)

NOTE VC-I and VC-B are described jn ISO/TS 10811-2:2000, Clause 7.

Table 5(= Frequency generators and indicators for Example 2

Parameter Unit Limit

Frequencyf uncertajnty % 0,1%

% of reading over the

. 0,1%
measurement period

Frequency stability

0L of raadinag auar tha
- FedetiR g over—+ie

Amplitude stability 0,1 %

measurement period

Table 6 — Voltage measuring instrumentation for Example 2

Parameter Unit Limit
Frequency range Hz 0,1 Hz~100 Hz
Relative expanded uncertainty of voltage % 0,4

5.2 Attainable uncertainties are expanded uncertainties calculated using a coverage factor of 2
in accordance with ISO 16063-1. Two examples are given in Table 7. In practice, these limits may be
exceeded depending on the environmental conditions or/and the stability of the transducer to be

6 © IS0 2017 - All rights reserved
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calibrated. It is the responsibility of the laboratory or end user to make sure that the reported values of
expanded uncertainty are credible.

Table 7 — Attainable uncertainties

Site Parameter Example 1 Example 2
. ' . ' Sensitivity (0,1 Hz~100 Hz) 1% 2%
Vibration calibration gy -5 o dtivity (0,1 Hz~100 Hz) 1% 15%
laboratory
Coefficient of calibration coil (0,1 Hz~100 Hz) 2% 3%
Inkit Electric sensitivity (0,1 Hz~100 Hz) 1,o% 1 %
nfsitu
Sensitivity (0,1 Hz~100Hz) 5% 10 %
NQTE The expanded uncertainties given as examples are based on specific uncertainty budgets; see Annex B.

6

Report of calibration results

When the calibration results are reported in laboratory, in addition to"the calibration m

ins
be

a)

b)

d)

trumentation with calibration due dates, at least the following conditions and characteri
stated.

Ambient conditions:

1) temperature of the transducer;

2) level of the environmental vibration.

Mounting technique:

1) material of mounting surface;

2) characteristics of mounting compénents or adapters (if used);
3) oil or grease or wax (if used);

4) cable fixing;

5) orientation (verticalor horizontal).

All amplifier settings)(if adjustable) when the transducer is calibrated in combination wi
conditioner or amplifier:

1) gain;
2) cutoff frequencies and slope of filters.

Calibration results:

bthod and
stics shall

th a signal

1Y valueos afcalihratian frao
HHeS- oA HdB e He

a n .
=7 v o T T TT et T v Torrrprree 5

2) values of sensitivity;
3) values of electrical sensitivity;
4) values of coefficient of calibration coil;

5) expanded uncertainty of measurement, k factor if different from k = 2.

© IS0 2017 - All rights reserved
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When the in-situ calibration results are reported, in addition to the calibration method and
instrumentation with calibration due dates, at least the following conditions and characteristics shall
be stated.

a) Ambient conditions:
1) temperature of the transducer;
2) level of the environmental vibration.

b) All amplifier settings (if adjustable) when the transducer is calibrated in combination with a signal
condifioner or amplifier:

1) gain;
2) cuiit-off frequencies and slope of filters.
c) Calibijation results:
1) values of calibration frequencies and vibration amplitudes;
2) values of electrical sensitivity;
3) values of sensitivity;

4) expanded uncertainty of measurement, k factor if differentfrem k = 2.

8 © IS0 2017 - All rights reserved
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Annex A
(normative)

Expression of uncertainty of measurement in calibration

A.1.1 Calculation of the relative expanded uncertainty, Uy (S), for the electrical
sensitivity

The relative expanded uncertainty of measurement of the electrical sensitivity) Urel(S), is palculated
from Formula (A.1) and Formula (A.2):

Urel(S):kuc,rel(S) (A1)

u.(S) 1
Uerel(S)= ‘ =< Zulz (S) (A.2)
S S\
Wi]ere the coverage factor is k = 2.
Talple A.1 lists the uncertainty sources.

Table A.1 — Uncertainty components for determination of S

Standard Relatiye
I uncertainty Source of uncertainty ““Cer.ta I}ty
component contribution
u(xi) urel,i(})
1 ~ Measurement of the exciting electrical signal of the urel1(8)
u(uy, ) calibration coil rel, 144
2 ”(aE ) Measurement of the output electrical signal urel,2($)
3 u(ﬂ ) Effect of environmental vibration on measurement of the ure1 3(5)
EE output electrical signal rel, 344
~ Residual effects on measurement of the output electrical s
4 u(uglre) signal trel4(})

A.1.2 (Calculation of the relative expanded uncertainty, Uy|(c), for the coefficient of
calibration coil

The relative expanded uncertainty of measurement of the coefficient of calibration coil, Urel(c), is
calculated from Formula (A.3) and Formula (A.4):

Urel(c) :kuc,rel(c) (A.3)

Ugrel(€)= UC(EC) :%1} 4 uiz () (A4)

© IS0 2017 - All rights reserved 9
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where the coverage factor is k = 2 (see Table A.2).

Table A.2 — Uncertainty components for determination of ¢

Standard Relative
uncertaint . uncertaint
I y Source of uncertainty Fainty
component contribution
u(xi) ureli(y)
Calila 3 £+l it '4—)] L)‘ P H 57 P H
1 — GAdITUT AdUIVUIT UL LIIU OCTIoILIVIU o T ITIIIAar Ul CUIIT dAl'1OoUIT u C
u(us, ) method rel,1(0)
2 u(ﬁs ) Calibration of the electrical sensitivity urel,2(€)

A.2 Calgulation of expanded uncertainty of measurement in situ

A.2.1 Calculation of the relative expanded uncertainty, U;¢|(S2), for the'electrical

sensitivi

For each df the applied frequencies, accelerations and amplifier gain settings (if an amplifier is part
the calibrgted transducer), the calculation method of the relative expanded uncertainty of measurem
of the eledtrical sensitivity in situ, Ure)(S2), is the same as A.1.1. Because of the different environmer
conditiong, the contribution of each uncertainty source will be différent.

A.2.2 C3lculation of the relative expanded uncertainty, U¢(Sv2), for the sensitivity

For each
of the cal

Urel(Sv2), 1s calculated from Formula (A.5) and Formiula (A.6):

Urel(SVZ)zkuc,rel(SVZ) (A

uc,rel(

where the|coverage factor is k € 2 (see Table A.3).

Ly

f the applied frequencies, accelerations and amplifier gain settings (if an amplifier is p|
brated transducer), the relative expanded‘dincertainty of measurement of the sensitiyv|

;VZ):%;/Z)=%,/§“?(SV2) (A

TableA,3 — Uncertainty components for determination of Sv;

of
bnt
tal

art
ity,

.5)

6)

Standard Relative
I incertaihty Source of uncertainty uncel_'tan}ty
component contribution
u(xi) urel,i(y)
1 “([‘52 ) In-situ catibration of the elfectrical Sensitivity Urel1(9V2)
2 “(&c ) Calibration of the coefficient of calibration coil Urel 2(Sv2)
3 u(ﬂc s) Stability of the coefficient of calibration coil over time Urel,3(Sv2)

10
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Annex B
(informative)

Example of uncertainty calculation

B.t—€atculatiomrof expamded uncertainty of mreasurement i taboratory

B.1.1 Relative expanded uncertainty, U¢(Sv), for the sensitivity

EXIAMPLE 1  The sensitivity is calibrated by primary method, the relative expanded uncg

thd sensitivity calibration is 1 % (k = 2).

EXIAMPLE 2  The sensitivity is calibrated by comparison method, the relative expanded u

of the sensitivity calibration is 2 % (k = 2).

B.1.2 Relative expanded uncertainty, U¢|(S), for the electrical sensitivity

Twlo examples of calculation of the relative expanded uncertainty for the electrical sensitivity
in [fable B.1. The expanded relative uncertainty (coverage factor k = 2) for example 1 and ex|

shgwn in Formula (B.1) and Formula (B.2), respectively:

Urel(S)=0,6 %

Urel(S)=1,34 %

rtainty of

hcertainty

[ are given
ample 2 is

(B.1)

(B.2)

© IS0 2017 - All rights reserved
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Table B.1 — Example of budget of uncertainty for the electrical sensitivity in laboratory

Relative e)_(panded o Relative
uncertainty or Probability | pactor | SEMSIHIVILY |contribution
Quantity Description ~ |bounds ofestimated| gjstribution coefficient
error components model X; o urel,i ()
1
% %
Exciting electrical 0,2 (example 1) 0,12
Ue signal of the Rectangular | 1 / \/5 1
calibration coil 0,4 (example 2) 0,24
; 0,2 (example 1 0,12
E Qutput electrical ( ple 1) Rectangular | 1 y \/g 1
signal 0,4 (example 2) 0;24
Influence of
environmental
vibration on
E:VC-E (3 pm/s)
1E {;JCr eDX(a6mple/1),f 0,3 (example 1) N | 5 g 0,173
B - pum/s) for ectangular | 1/./3
example 2. If the 0,6 (example 2) / 0,346
sensitivity is 10 V/
(m/s), the output
is 10mV, estimated
error is:
Influence on E 0,3 (example 1) 0,173
I(E rg) | |measurement from Rectangular| 1/ 3 1
residual effects 0,8 (example 2) 0,462
Uncertainty for the Stindard
electrical i 0,30
Urel(S) ricat uncertainty
sensitivity in 0,67
laboratory (k=1)

B.1.3 Re¢lative expanded uncertainty, Uze)(c), for the coefficient of calibration coil

Two examples of calculation of the relative'expanded uncertainty for the coefficient of calibration

oil

are given|in Table B.2. The expanded-relative uncertainty (coverage factor k = 2) for example 1 4nd

example 2

Urel(c

Urel(c

=154 %

=2,66 %

is shown in Formula (B.3) dnd Formula (B.4), respectively:

(4.3)

(B.4)

12
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Table B.2 — Example of budget of uncertainty for the coefficient of calibration coil

Relative expanded Relative
uncertainty or Probability | pactor | SERSItiVity contribu-
Quantity Description bounds of estimated| gistribution coefficient tion
error components model Xj ¢ Ureli (V)
% %
Calibration of the
sensitivity by 1,0 (example 1) 0,5
Sy primary or Normal 1/2 1
comparison 2,0 (example 2) 1,0
method
Calibration of the 1,0 (example 1) 0,58
S electrical sensitivity Rectangular 1/\/§ 1
in laboratory 1,5 (example 2) 0,87
Uncertainty for the Standard 0,77
urel(c) |coefficient of uncertainty 1/\/§
calibration coil (k=1) 1,33
B.2 Calculation of expanded uncertainty of measurément in situ

B.2.1 Relative expanded uncertainty, U¢|(S2), for the €lectrical sensitivity

Two examples of calculation of the relative expanded uncertainty for the electrical sensitiity in situ

are

example 2 is shown in Formula (B.5) and Formula (B.6), respectively:

Urel(Sz) =1,26 %

Urel(S,)=3,76 %

given in Table B.3. The expanded relative uncertainty (coverage factor k = 2) for exanpple 1 and

(B.5)

(B.6)

© IS0 2017 - All rights reserved
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