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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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Introduction

:2015(E)

The ISO 16063 series describes in several of its parts (ISO 16063-1, ISO 16063-11, ISO 16063-13,
[SO 16063-21 and ISO 16063-22) the devices and procedures to be used for calibration of vibration
transducers. The approaches taken can be divided in two classes: one for the use of stationary signals,
namely sinusoidal or multi-sinus excitation; and the other for transient signals, namely shock excitation.
While the first provides the lowest uncertainties due to intrinsic and periodic repeatability, the
second aims at the high intensity range where periodic excitation is usually not feasible due to power
constraints of the calibration systems.
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e results of the first class are given in terms of a complex transfer sensitivity in the frequéen
1 are, therefore, not directly applicable to transient time domain application.

blects (knowingly) the frequency-dependent dynamic response of the transducer to trang
nals with spectral components in the resonance area of the transducer’s response. As a co

pe of the transient input signal applied for the calibration and, therefore)from the calibrat
s has two serious consequences:

The calibration with shock excitation in accordance with ISO 16063-13 or ISO 16063-22 i
use as far as the dissemination of units is concerned. Thatis; the shock sensitivities Sgp, d
by calibrations on a device in a primary laboratory “might not be applicable to the d
device in the secondary calibration lab, simply dueto a different signal shape and thu
constitution of the secondary device’s shock excitation signal.

cy domain

e results of the second class are given as a single value, the peak ratio, in thé¢time dgmain that

ient input
hsequence

this “peak ratio characterization”, the calibration result might exhibit a;strong dependehce on the

on device.
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btermined
ustomer’s
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A comparison of calibration results from different calibration facilities with respect to c
of the estimated measurement uncertainties, e.g. for validation purposes in an acd

b approach taken in this document is*a mathematical model description of the acceler

pr

of that model and the associated uncertainties are then determined on the basis of calibr
achieved with established methods (ISO 16063-11, ISO 16063-13, ISO 16063-21 and ISO ]
The complete model with quantified parameters and their respective uncertainties can suh
bejused to either calculate the time domain response of the transducer to arbitrary transie
(inkcluding time-dependent uncertainties) or as a starting point for a process to estimate the
transient input of the'transducer from its measured time-dependent output signal (ISO 16
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portional to an intrinsic mechdnjcal quantity (e.g. deformation). The estimates of the p

16063-13).

a side effect, the method also usually provides an estimate of a continued frequency doma
sitivity-ofthe model.

bhort; this document prescribes methods and procedures that enable the user to

process, is not feasible if the facilities apply input signals of differing spectral composition.
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reditation
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ynamic system with mechanical.input and electrical output, where the latter is assued to be

hrameters
htion data
6063-22).
sequently
nt signals
unknown
063-11 or

n transfer

calibrate vibration transducers for precise measurements of transient input,
perform comparison measurements for validation using transient excitation,
predict transient input signals and the time-dependent measurement uncertainty, and

compensate the effects of the frequency-dependent response of vibration transducers (in
and thus expand the applicable bandwidth of the transducer.
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Scope

s document prescribes terms and methods on the estimation of parametefs used in mat
dels describing the input/output characteristics of vibration transducers, together with the
rameter uncertainties. The described methods estimate the parameters on the basis of ¢
a collected with standard calibration procedures in accordance with 1SO 16063-11, ISO

| definitions in those International Standards. The uncertainty €stimation described confo
thods established by ISO/IEC Guide 98-3 and ISO/IEC Guide98-3/Supplement 1.

e new characterization described in this document is intended to improve the quality of c3

iracterization of the vibration transducer’s response to a transient input and, therefors
asis for the accurate measurement of transient.yibrational signals with the prediction g

hematical
respective
alibration
16063-13,

16063-21 and ISO 16063-22. The specification is provided as anextension of the existing procedures

rms to the
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1l measurement applications with broadband/transient input, like shock. It provides the feans of a

provides
f an input

frogm an acquired output signal. The calibrationtidata for accelerometers used in the aforementioned
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conmstitutes requirements ‘of this document. For dated references, only the edition cited aj
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d of applications should additionally be evaluated and documented in accordance with th
cribed below, in order to provide measurement capabilities and uncertainties beyond
iwn by the single value characterizationrgiven by ISO 16063-13 and ISO 16063-22.

Normative references

e following documents ate)referred to in the text in such a way that some or all of thg

ated references, the\latest edition of the referenced document (including any amendment

16063-11, Methads for the calibration of vibration and shock transducers — Part 11: Primar
ibration by laSerinterferometry

16063:43)'Methods for the calibration of vibration and shock transducers — Part 13: Prin
ibration.using laser interferometry

b methods
the limits

ir content
pplies. For
5) applies.

) vibration

nary shock

IS(

16063-21, Methods for the calibration of vibration and shock transducers — Part 21;

Vibration

ca

Ibration by comparison Lo a reference transducer

IS0 16063-22, Methods for the calibration of vibration and shock transducers — Part 22: Shock calibration

by

comparison to a reference transducer

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in

me

asurement (GUM:1995)

ISO/IEC Guide 98-3/Supplement 1, Uncertainty of measurement — Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995) — Supplement 1: Propagation of distributions using a Monte
Carlo method
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3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 2041 apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

4 List gfsymbois

The symbpls used in the formulae are listed in order of occurrence in the text.
X X & Output quantity of the respective transducer and its single and double derivativé over tijne
) Damping coefficient of the model equation in the time domain

w0 Circular resonance frequency of the model

p Electromechanical conversion factor

i Imaginary unit, i = \/:

H Complex valued transfer function

S Magnitude of the transfer function

0] Phase of the transfer function

G Reciprocal of the complex valued transfer function

u Parameter vector

Sm Magnitude of the transfer function for a circular frequency, wpy,
bdm Phase of the transfer function for a circular frequency, wn

R Real part of the complex valued transfer function

Ji Imaginary part-ef the complex valued transfer function
y Vector of'teal and imaginary parts of the measured transfer function
Vy Covariance matrix of y

D €oefficients matrix

J1i Vector of parameter estimates

Vﬁ Covariance matrix of [

So Magnitude of the transfer function at low frequencies

Ay Transformation matrix for analytical uncertainty propagation

% Covariance matrix of the model parameters

P, ®g,d
s Frequency analogue in the s-domain (s-transform)

2 © IS0 2015 - All rights reserved
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Acceleration in the s-domain

Output quantity of the respective transducer in the s-domain
Back shift operator used in the bilinear transform (z-transform)
Sampling interval

Measured input acceleration sample at the time step k

Measured accelerometer output cnmp]p atthe time step k

b, d

© ISO 2015 - All rights reserved

1,62, 4

Model parameters in the case of discretized time domain data
Substitutional parameters for the time domain parameter estimation

Estimates of v by weighted least squares fitting

Covariance matrix of the estimated parameters v

Circular frequency normalized to the sample rate

Sum of weighted squared residuals

Calculated transducer output for the time step kbased on estimated parameters

Best estimates of b and ¢ (see 9.2)
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5 Consideration of typical frequency response and transient excitation

A typical acceleration transducer has a complex frequency response. This is usually given in terms of
magnitude and phase with a shape, as shown in Figure 1. The magnitude is given in arbitrary units (a.u.).

This response function is subsequently sampled with lowest uncertainties by a calibration method in
accordance with ISO 16063-11 or ISO 16063-21 making use of periodic excitation.

In applications with transient input signals, the transducer is then exposed to broadband excitation in
terms of the frequency domain. The response in this case cannot be calculated with the help of a single
(complex) value like the transfer sensitivity. Rather, the response can be considered to be a sensitivity
that is weighted by those components in the frequency response that are excited by the spéefral
contents df the input signal.

100 T T T

90 - 20

80 —
70 =
60 —

-80,
50

magnitude
phase

40 =

30

20

10 [~

0 t ;
0 0,2 0,4 0,6 0,8 1 1,2 1,4

normalized frequéncy

Figure | — Complex frequency response ofa typical accelerometer in terms of magnitude of
sensitivity (blue) and phase delay (green) over the normalized frequency

Figure 2 gives a pictorial representation of three examples of possible shock excitation signals gnd
their respective spectra as compared to the frequency response of a typical transducer. It shows the
projection of the centre of mass of the magnitude of the spectral density curve onto the sensitiyity
curve of aftypical accelerometer~This demonstrates that a single value characterization of a transduger
by shock dalibration cannetsufficiently describe the dynamic behaviour.
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h) Time domain representation of a long monopole (red), medium dipole (green), and short
dipole (blue) shock
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b) Frequency domain representation (magnitude) with the projection of the spectral centre
point onto the sensitivity curvé of a typical accelerometer response
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c) Corresponding shock sensitivity (peak ratio) of a typical accelerometer
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6 General approach

Thegeneralideabehind “model-based parameteridentification” isto describe the input/outputbehaviour
of a transducer type of certain design and construction with the help of a dynamic mathematical model.
The detailed properties of an individual transducer are represented in that model by a set of parameters.
Associated with the set of estimates of the model parameters is a respective set of uncertainties. The
aim of the calibration is to provide measurement results that allow for the mathematical estimation of
this parameter set and the evaluation of corresponding uncertainties.

NOTE 1

The parameter sets can include functions of variables to cover temperature sensitivity or m

ass

loading effects

This genefal approach is not new, and is already well-established in the fields of science and engineer
under the| term “identification of dynamic systems”. However, in the field of transducer calibrati

special e
reliable c4

NOTE 2
is presente

The same 4
linear time|

7 Line

7.1 Mo

According
described
they folloy

X + 2¢

where

This modg
input a(t).

For such 4
accelerati

is|the damping coefficient;

is|the electromechaniical conversion factor.

phasis has to be put on the validation of the applicability of the methods used’and on
lculation of uncertainties and respective coverage intervals.

[n this document, the procedure of model-based parameter identification and further considerati
d for a linear mass-spring-damper model of a seismic transducer. However, this“is only one exam
pproach can be used for more complicated mathematical models as long @s'they can be describeq
Linvariant (LTI) systems.

Ar mass-spring-damper model

el

to the investigation described in References [1},2] and [3], some accelerometers can
by a simple linear mass-spring-damper model\iir their specified working range. That me:
v the general equation of motion of the formfZl'as given in Formula (1):

b0 X + a)gx =pa (t)

the circular resonance frequency of the system;

] describes the 'dynamic output x(¢) (e.g. charge or voltage) as a function of the accelerat

W linegr system the transfer function H(iw) in the frequency domain is independent of
bn-amplitude and is given in Formula (2):

ng
on,
Lhe

bns
ble.
as

be
ns

M

on

the

H(iw)

_ P —— 5(0)- ")
a)g + 2iodw ) + <1a))

(2)
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The inverse of this transfer function is given in Formula (3):
G(iw) = H 1 (la)) = p_1 (a)g + 2iwdn, — a)z) =5t (a)) : e_l¢<w) 3)
where

S(w)  is the magnitude;

¢(w) isthe phase of the response.

7.2 Identification by sinusoidal calibration data

7.2.1 Parameter identification

Stqrting from calibration measurements with sinusoidal excitation in accordance with, for example,
ISO 16063-11 or ISO 16063-21, the frequency response H(iw) can be directly-determined as|described
by [Formula (2) taking into account the well-known frequency response of'any conditioning amplifier.

NO[TE The model assumes that any additional response function of a medasuring amplifier is elimipated prior
to fhe identification process, which is usually the case.

Substituting a parameter vector, as given in Formula (4):

2
o, 200w, 1
uh = (g ) = 70,70.; (4)
Formula (3) transforms into Formula (5):
. 1 .
6lio) = gy~ Ha *ioka — 0 Uy D0 (o) 9

where
gT (co) = (1,ia), — a)z)

Acgording to this relatien, the parameter vector ¢ can be estimated by weighted linear leaqdt squares,
where the weights are:chosen according to the uncertainties known from the calibration profedures in
acdordance withdS0-16063-11 or ISO 16063-21 as follows.

Let S, =S (a)m), ¢, = (b(a)m) denote the magnitude and the phase of the frequency resppnse from

calibratien measurements with associated standard uncertainties u(Sm>, u(q)m) at the filequencies

wpl,m =1, 2,..., L. Then the real part R(S_1 -e_i¢) and imaginary part ](S_1 ~e_i¢) are given by

R(S.4) = R[s7H-e ™) = sLcos(g), J (5.6) = J[s7 e | = =5 sin(9) ©)

This is, in principle, a nonlinear transform which should be adequately handled for uncertainty
calculations by, for example, Monte Carlo methods (see ISO/IEC Guide 98-3/Supplement 1 for details).

© IS0 2015 - All rights reserved 7
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However, given that the uncertainties of measurement are small enough, the direct propagation of
uncertainties can be calculated in accordance with ISO/IEC Guide 98-3, as shown in Formula (7):

2 2
u“(S u“(¢g,,) .
u*(Ryy) :MCOSZ (6 )Jr%sm2 (6m)
m m
2 2
u“(S ) u“(¢
uz(]m):¥51n2(¢m)+¥cosz(¢m) (7)
Sm Sm
_’lz(qlll) . 112 (¢”l) .
u(Rm ]m):—451n(¢m)cos(¢m)+ sin(¢,, Jcos(¢y, )
Sm m
where R | = R(Sm,q’)m) and J = ](Sm,¢m)
Then let Fprmula (8) be the transformed vector of the measurands:

v =|R(S 181 ) R(S181) T (S191) e J(S1o81) ] (8)
With the pssumption that S and ¢ are uncorrelated measurands, the 2L %-2L covariance matrix{ Vy
becomes Jormula (9):

i (Ry) 0 ulRyy) 0
0 . u?(R, ) | u(Ry.J;)
vV = L LJL
Y oluRygy) u?(Jy) _ 0 ()
0 u(R,.J,) 0 uz(]L)
D is the 21} x 3 matrix of the real and imaginary, parts of gT (a)) ,as given in Formula (10):
| 0 -0
[ 0 -]
D=[1 0 —o?
3: o, 0" (o)
o 0
0 o 0
The weighted least'square estimate of the parameters can be calculated according to Formula (11):
a=0 0oy ty (1

8 © IS0 2015 - All rights reserved
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The uncertainties associated with the estimated parameter set i, i.e. the covariance matrix, are given

by Formula (12):

-1
_ Ty,—1
v, =DV, D) (12)

The original model parameters can subsequently be calculated by transforming Formula (4) as

Formula (13):

p_ = ug?t

wy = Hy (13)
H3

o = K2

VH1H3
Sometimes it is more convenient to write Formula (2) in terms of Sg='p / a)g instead of g4 where Sp
describes the sensitivity for low frequencies. The corresponding parameter equation iy given by

Formula (14):

So=— (14)
Hy

Since the inverse transform from Formula (4) to Formydla (13) is nonlinear the uncertainties associated
with the model parameter set should be adequately handled for uncertainty calculations by, for
example, Monte Carlo methods as described inReference [1].

Figure 3 gives a flowchart representation, gfithe whole analysis process.

© IS0 2015 - All rights reserved 9
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Calculate from sinusoidal calibration:
9" (@) = L iw,~w?)
R(S,¢) = S~ 'cos(¢)
J(S,¢) = =S~ 'sin(¢)

2 2
u? (Rm) = #COSZ((pm) + = g(zpm) Sin2(¢m)
25 b
u?Um) = —gz—sin(¢n) +—o5—cos"(¢m)
22 S 2
R ) = 2 sin eos ) + 0 (g, eos ()

;

Compile the following vectors and matrices:

yT from R and J according to Formula (8)

V, from u(R) and u(/) according to Formula-(9)

D from gT according to Formula (10)

:

Calculate parameter estimate

‘a — (DTvy—lD)—lDTvy—ly
and respective covariance matrix

_ -1
Vo= (DV;71D)

:

Resubstitute

~_n=1 =~ _\/ﬂ ) S = ~—1
P =Us-, 0 #3’ f—ulﬂ3' 0= M

Calculate uncertainties with Monte Carlo
method or according to 7.2.2

Figure 3 — Flowchart of the process of parameter identification upon sinusoidal calibration data

10 © IS0 2015 - All rights reserved
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7.2.2 Uncertainties of model parameters by analytic propagation

:2015(E)

In cases where the total expanded relative uncertainty of measurement of the magnitude S, is less
than 1 % and the total uncertainty of measurement of the phase ¢, is less than 2° a conventional
propagation of uncertainty is feasible, although Formula (13) states a strongly nonlinear relationship.

With the transformation matrix given in Formula (15):

the

pa
Th
NO
un

the
con

i by Formula (16):
_ T
Vp,mo,6 =4V
where the square roots of the diagonal elements~of Vp ». s State the uncertainties of
Y0
[ameters.
e uncertainty for Sg can be calculated aceordingly by substituting Sg for p in Formula (15).
TE The nonlinear relationship in-Formulae (13) and (14) requires an appropriate hand
ertainty propagation in accordanee with ISO/IEC Guide 98-3/Supplement 1 for the general ca

7.3

7.3

St4
IS(

pr
Foi

P

op op op
opy Ou, Opsg
oo, Jw, Ja,
Ay =|0uy  Opy  Oug
06 00 00
Opy Ou, Ol

case of reduced input uncertainties-is the linearization described in 7.2.2 applicable. For the giv
hprehensive description of the general case is given in Reference [1].

Identification by shock calibration data in the frequency domain

.1 Identification of the model parameters

rting from ‘calibration measurements with shock excitation in accordance with, for
16063-13,%r ISO 16063-22, it is possible to estimate the model parameters using a sy
cessing-step with subsequent identification similar to the procedure described in the previ

the'substitution, a discretization of the continuous time given in Formula (1) is necessar

taotha +

EVavaP clace

(15)

covariance matrix of the model parameters Vp ». s can be calculated from the covariafce matrix
700

(16)

the model

ling of the
se. Only in
bn model, a

example,
ecial pre-
us clause.

y. For that

pu

‘‘‘‘‘ aadc 1 caca Eorpanla fl\

tha jeal o francfors 1o ond ch 1 n tha af 1
PoOSt Tt trasoTCar—S—tratoSToTr i o oSt o vt iCat ST C—Ca St oOT—T— O oo ctO—Ttrt—ra

equation given in Formula (17):

52 +25a)os+a)§)X(s) = pA(s)

nsformed

(17)

The discretization follows, for example, a bilinear mapping of the s-plane to the z-plane of the kind given
in Formula (18):

2 1-z1

s — —-
1

T 1+2z

where T is the sampling interval.
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NOTE1 It is reported in Reference [10] that a systematic deviation between continuous frequency
representation and discretized frequencies due to the transform is reduced by applying a pre-warping.

Substituting Formula (18) into Formula (17), taking the sampled time series xi and ay for the respective
variables and applying the back shift operator z-1 of the z-transform properly (z-1 - xx = xx-1), results in
the discretized version of the model equation (see Reference [3]), as given in Formula (19):

Xp =—C1X; 1 —CoXp 5+ b(ak +2a;,_; + ak—z) (19)

NOTE 2  The error introduced by the discretization with respect to the sample rate needs some further
investigatipn and consideration in the uncertainty budget. At the time of writing, no publications are availabld on
this topic.

The parameters of Formula (19) are related to the continuous model parameters aceording| to
Formula (R0):

2
b = P
4A
olT? — 4 !
Tl T R
t — 450,T + oT*
CZ =
4A

a)gT2
where A +=1+ 5COOT + 4

It is clear|from this derivation that the parameters of the(discretized model are dependent upon the
sample rafe T-1 and are therefore closely related to the calibration set-up. The sample rate used [for
the measyrement should be at least five times greaterdhan the frequency at which the first significant
resonancd of the transducer under calibration. occurs. In order to avoid additional significhnt
uncertainfy components due to lack of resolution-over frequency regions in which resonances occuf, a
better sampling frequency would be a factor. of ;10 or more greater than the frequency at which the first
significanf resonance of the transducer under calibration occurs.

The introduced discrete time model Eofmula (19) has a (periodic) frequency response of the form giyen
in Formula (21):

b(1+ 2e 12 | o120 )

H(eig )= _ : (k1)
1+cie 2 oo 120

where Q = / f, =T is the circular frequency normalized to the sample rate.

Just like Fprmuila-(5), the inverse of this frequency response G(em) is linear in the parameters, affter

some obvipus'substitution, given in Formula (22):

0\ y-1(.iQ)_ 1+cle_iQ +cze_i2“o VvV +vze*i‘Q +v3e*iZQ
Gle ™ )]=H (e )= _ —= o —h (22)
b(1+2e_l'Q +e_12'Q) 1+2e7 " +e™

with the substitute vector, given in Formula (23):

v =[vy,vy,v3]=[1/b,c1/b,c; /b] (23)

With this inverse frequency response the general approach taken already in 7.2 can be followed. For the
sake of completeness this is worked out in more detail as follows.
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Let X, and A be the components of the discrete Fourier transform (DFT) of the sampled time series

xk and ag respectively with n = 0, 1, ..., N - 1. Here, the influence of a conditioning amplifier can be
eliminated by multiplying A, by the measured complex frequency response of the amplifier for the

frequency LT% in order to compensate the response later in Formula (24). In cases where AC-coupled

conditioning amplifiers are used, the terms for n = 0 should be omitted, because they describe the DC
component of the signals, which vanishes for Xy. Formula (22) implies the relation given in Formula (24):

A

Foi
op

Est

—

wi
Th

Th
de

components of G, givémin Formula (28) are considered to be uncorrelated:

NO
Th

ith the vector fnT given as in Formula (25) from Formula (22):

ith the measured G;. This uncertainty is‘éstimated by the relation given in Formula (27):

I

:fnv

n

Xn

G

n

1
—i(2n/N)n N e—i2(2n/N)n

i [17e—i(Zn/N)n’e—iZ(Zn/N)ni| .
1+ 2e

mula (24) is the analogue to Formula (5). Note that the careful choice of the values for n
bortunity to limit the process to the relevant frequency range of theimeasurement.

imation of the parameter vector v is then performed by weighted least square fitti

himizing Formula (26):

R Gy~ fav)  1*(Ga-fiV)
u’[R(G,)] u?[](G,)]

h respect to v, where the values of n are chésen such that the relevant frequency range i
b weights are again chosen to be the reciprocals of the squared standard uncertainties

2
Z =

hev

ug

n

e unknown uncertainty(ugis determined by requiring that the minimum of Formula (19)
bree of freedom (nuniber of data entering the fit minus number of adjusted model paramg

R,=R(G,),and J,=J(G,) ny<n<n,

TE 3 _This assumption is treated in the appendix of Reference [2] in more detail.
_procedure for minimizing Formula (26) is similar to that described in 7.2.1, ag

(24)

(25)
offers the

hg, i.e. by

(26)

s covered.
hssociated

(27)

bquals the
ters). The

(28)

given in

Fo

mulae (29), (30) and (31):

©lI

yT Z(Rnl’ "'an']n1""’]"2)
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-
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)
)

f

=

2

This meaps the weighted least square estimate of the parameters)can be calculated according| to

Formula (B2):
-1
V= (1: TVy‘ln) DTvy_ly (B2)

The uncerftainties associated with the estimated parameter set v ; i.e. the covariance matrix, are giyen
by Formula (33):

v

-1
V.- DTV}:lD) b3)

The estimpte of the original (continueus time model) parameter set can subsequently be calculated yia
Formula (P3) and Formula (32) a¢Cording to Formula (34):

16

P | TZ(Vl _V2 +V3)

4(V1 +V2 +V3)
0)0 3 2

T (Vl —V2 +V3) (;4)
5 V1~V3

\/Vl -V +V3 \/Vl +V2 +V3
2

SO =

\[\/1 +V2 +V3

Figure 4 gives a flowchart representation of the whole analysis process.
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Calculate by discrete Fourier transform DFT

A, = DFT, ({ak}) and X, = DFT, ({xk})

'

Calculate the following vectors and matrices:

1
) 1+ Ze—i(ZTr/N)n + e—iZ(Zn/N)n

[1’ e—i(Zn/N)n’ e—iZ(Zn/N)n]

fi =
y" = (Ru, -, RuysJnys s Jn,) according to Formulae (25) add)(26)

DT = (R(fD), s RUEDY TS s (D))

V, from u[R(G)] and u[ J(G)] according tg-Formula (21)

'

Calculate parameterestimate

s — pTy—1p\-1pTy-1
V=D VD) DV y
and respeg¢tive covariance matrix

_ -1
V, =(D",7'D)

l

Resubstitute

|3

162=1f/\

<>|<>
-

1 A —
Icl_

<>
=
o

b=

b

N

_ 1+¢1+6; & _ 1+¢1/2
0~ T2 ) 5 -~
on

I
Y

e

pP=,

T

Calculate uncertainties with Monte Carlo
method or according to 7.3.2

the frequency domain

Figure 4 — Flowchart of the process of parameter identification upon shock calibration data in

© ISO 2015 - All rights reserved

15


https://standardsiso.com/api/?name=81a50e06269701fee7b7cc3234da1680

IS0 16063-43:2015(E)

7.3.2 Uncertainties of model parameters by analytical propagation

In cases where the total expanded relative uncertainty of measurement for the sampled time series is
sufficiently small, a conventional propagation of uncertainty is feasible, although Formula (34) states a
strongly nonlinear relationship.

The covariance matrix V, of the identified parameters is calculated according to Formula (33).

With the transformation matrix given in Formula (35):

dp dp dp
ov ov ov

1 2 3

8600 8(00 8(00
A =|0dv ov v, (B5)

1 2

06 06 06
8v1 8v2 8v3

the covarjance matrix of the model parameters V 00 can be calculated from the covariance matjrix

VO ,as given in Formula (36):

—AV.AT

Vp7m07 v v.v (;6)

where the square roots of the diagonal elements.of V 00 state the uncertainties of the mojdel

parameters.

The uncerftainty for So can be calculated accerdingly by substituting So for p in Formula (35).
NOTE The nonlinear relationship in Formula (34) again requires an appropriate handling of the uncertairlty
propagatiopn in accordance with ISO/IEC\\Guide 98-3/Supplement 1 for the general case. The linearizatfion

described [in 7.3.2 is only applicable in® the case of reduced input uncertainties. For the given mode|, a
compreherlsive description of the gefieral case is given in Reference [3].

8 Practical considerations

8.1 Th¢ influence’of the measurement chain

The phys' al model, which gave guidance for the model in Formula (1), is that of a simple seismic

of a measuring chain, it is necessary to either compensate the frequency response of the respective
component in the measurement channel or to introduce its response in the acceleration measuring
channel by appropriate filtering.

The goal is symmetry in the frequency response of the acceleration measuring channel and the
conditioning part of the channel of the device under test. The compensation is necessary for magnitude
as well as for the phase shift component of the compensated response.

NOTE A third approach would be an extension of the model that incorporates the conditioning amplifier, thus

it would be possible to perform a parameter identification of the measuring chain. However, such an approach
has not been investigated or even validated at the time of writing.
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