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Increasing Accuracy

Imants MatissRiga Technical UniversityAndris PurvinshRiga Technical University

Abstract. Multi parameter testing by Calibrated Disturbing
Factors (CDF) methodology may present interest as more
sophisticated mean for increasing metrological qualities of
electrical testing techniques. Detailed analysis of a set of
validation parameters, such as thickness and dielectric
per meability of plates, demonstrates advantage of this approach
in comparison with single parameter tests.
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I. INTRODUCTION

Electrical measuring techniques, in some sourcsdcas
capacitance techniques directly may be appliedtdsting a
variety of geometrical and structure charactershsas shaft
angle or linear position, motion, chemical comgosit

electric properties [1]. Indirectly these technigwan measure

many other variables, which could be converted inttion or

dielectric permittivity, for example pressure, acceleration,

fluid level, moisture, aging and polymerisation degy [2].
Special interest is testing geometry and strugtuoperties of
dielectric objects including advanced materials. eDitp

merging important properties as low conductivity of hy

electricity, heat and noise reduction, high speatfiechanical
resistance, these materials (composites, polynoeramics)
have found application in high responsible struesuand thus
needs relevant testing means [3,4].

Electrical measuring techniques are based on sogrofithe

test item by electric field of a condenser, emptbgs a probe
of a measuring system as well. Recording and dateepsing
response created by the test item to the sourdheofield

implies unexplored potential for further improverhef these
techniques.

Simplicity and reliability of construction, high rsstivity to
heterogeneity of test environment, and possibibitgarry out
non contact tests with unilateral access to testingace are
benefits of this testing technique. However, nostdgtive
testing (NDT) in general and electrical techniques well
possess number of undesirable features practiedtihput any
means to eliminate its influence. First, presenéenew
sources of measurement uncertainty, such as lessaay and
resolution makes these techniques non-competitive
comparison with laboratory testing facility, wheat testing
conditions are provided for the most favourableroiegical
qualities. Second, there are no possibilities tapadhe test
item for testing, for example by changing its shégmecimen)
and treating surface. Third, there are limited fmktses for
controlling ambient environment more beneficial tlesting.

I1. BASICS OF MULTIDIMENSIONAL TESTING

During the measuring process, input characters thaf
capacitance probe are transformed into output chexatics.
In other words, transformations of measurement dgions
are taking place. Under input characters shouldrigerstood
all parameters under examination as well all infeieg
factors, although undesirable. The most appliedagah for
elimination of undesirable influence is to put thest critical
influencing factors under control. It means introtion of
additional testing channels by independent meagu@vices.
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Fig.1. Range of testing assignments solved by d&pme NDT, presented in
a way of three laminar structures: plates (a);dilim) and coating (c).
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Actually, approach proposed in this study is basedhe
same principles, however distinctive in such wagmt thall
testing channels are formed by the same physicdd,fi
particularly electric field, generated by severaf o
commutable single capacitor. Such scanning sigo@apecises
several components in this study denominated
multidimensional signal. Obviously, dimension ot thkignal

Calibration is necessary in each measurement system
including multidimensional. In this particular syydeach
component of the scanning signal is calibrated étrafogical
adequate conditions with subsequent transpositi@btained
calibrated reference scales to the real testinggerarAll
gomponents of the scanning signals are in actiesg@hwhile
one of them is in measurement process, other @permat

should correspond to total number of input parametecompensation mode. This testing approach, designase

(measurable and influenced). Multidimensional saagn
signal is generated by a capacitance probe witlatian of

topography of the electric field according dimemnsiof the

input parameters.
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Fig.2. Evolution of the model for testing thicknesfsa plate by capacitance
probe.
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Calibrated Disturbing Factors (CDF) offers simuéans
information about all input parameters with suppegs
disturbing influences. Additional benefit is cosffeetive
calibration resources [5]. Metrological qualitied these
techniques are validated in accordance with Inteynal
standards [6]. In this particular case study tesk is thickness
measurement of dielectric plates and shells (Fidgetplution
of disturbing factors in this instance is illusedtin (Fig.2).

First, presence of surface roughness prevaritatesfine a
distance between the probe and the test piecen8guneven
thickness of a layer or coating raises a questiomow to
define thickness? Therefore real situation (Fig&ajuld be
transformed into model in order to define inputgraeters.
Solution proposed in this study provides substtutiof
surface roughness by equivalent distance betweerpithbe
and the test piece. In the same way, inconsistecitrtess of
the layer or its surface curvature may be substituby
average thickness (Fig.2b). Another essential aonds
changeable properties of the test item, which neagresented
through dielectric permittivity. The last correlateith several
composition and structure parameters, such as @oigation
and aging degree of plastics, moisture and density
substances, etc.

Therefore, assignment of thickness measurement
corresponds to three parameter independent cootrziput
parameters. These parameters are: thickness ofpldte,
transposition of the test item and its dielectecmittivity.

This task may be solved in three different wayseteling

on measurement interests. In other words, whichutinp
parameter is in status of a measurable thickness,
displacement or dielectric permittivity? Continwati of the
study relates to thickness measurement with conapiemns
both - the test item’s displacement (surface roeghpand its
dielectric permeability variation.
Mathematical modelling of the unilateral capacimmrobe
was carried out in order to validate metrologicalgmeters of
CDF technique applied for this particular testirggsignment
[7]. The probe comprises a number of electrodedogted on
surface of the test item represented as a thres Eyucture.
Three dimensional scanning fields may be genetayethree
autonomous unilateral capacitors or by a set ofteldes
attaining potential distribution in three differestmbinations
(Fig.3).

Response obtained as result of the measuring @dses
three readings of capacitance. Data processinggebgic
representation corresponds to solution of systenmthoge
equations. As the first approximation, linear iptetation
may be utilised:
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_ hi ‘. Transfer functions, which characterises abilities t
Moy = P + kAl Ay, transform input (thickness, displacement and didkec
ook = Moo + KioARDS + KopARS: (1) permeability) into output (capacitance) of the mrohre

presented in Fig. 4.
Two dimensional dependences are presented on thé Fi
for all probes in three modes: nominal mode, whichans

Mha = Mogn + k13Ah2h% +kyaAhgs;

where: ideal calibration curve without any disturbing irdhce and
e him are readings of the thickness meter in all three combination of less favourable measurement commditio
measurement channels correspondingly; caused by disturbing factors. AbbreviatioMifimin” relates
¢ index ‘K’ relates to corrected values obtained by  utmost deviation of measurement readings downward
relevant data processing; (dielectric permittivity of minimal value, displagent of
e the second lower index indicates number of the maximal value); abbreviationMaxmaX relates to utmost
measurement channel (probe); deviation of measurement readings upward (dietectri
e the upper index indicates the compensation parameteermittivity of maximal value, displacement of nal
(h ;— displacement, — dielectric permeability) value). CurvesClose max” and“Close min” relate to utmost
. Ahgl andAhs, i = 123 - corrections of maximal deviation only of dielectric permittivity correspdingly
influence of the corresponding disturbing factop¢ ~ UPward or downward. .
o); As it can be seen from the Fig.4:
o ki and ky (i=1,2,3) — iteration coefficients. 1) Inf!uence of only one disturbing factor — .
displacement causes not acceptable deviation of
The first iteration intends: Lheﬁoﬁ)li.bration curve (quantitative figures areegiv
Koo = koo = kon = k 2) T_ransfer _func_tions are qui_te n(_)n-linear, v_vhich
e jeopardize linear approximation according (1).
ko1 = Koz = Koz = kp (2

Consequently more radical means should be appbed f
lts means solving (1) in respect to corrected thid solution of (1) by refusal of (2) and introducingriection for

values: coefficientsk;. System (1) may be transformed into actually
' B non-linear equations:
h2k = /A’ (3) h —h k hh Kk hé,:
where: b1 = Noam + Kpa(Ryg) Ahgi+Ka: (Ryg)Ahgy;
' _ h £ .
A= AhZ (ARSE — ARSY) — AhZ, (AR — ARSL) — oo = hoom + Ki2(Ri2)Ahg, + Koz (Rip) ANz, (4)
h .
— AhZ;(AhSS — ARSYY; hoac = Noam + Ki3(Rig)Ahgs + Kpg(Rig)AhZs;
B = AhZ, (Mg ARSE — Moy ARSE) — whereR; are additional weight functions or coefficients,
. h . h h which should be identified during optimisation taration
—Ah, (hy1Ah3) — Ahzs (NyonAhpy — hpyAhy). process.
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Fig.3. Design of the capacitance probe for thregedisional scanning of the test itetpande, dielectric permeability of air space and test irespondingly

97



Scientific Journal of Riga Technical University
Power and Electrical Engineering
2010

Volume 27

Calibration curves for 31, 52 un 53

18.5
17.5 1 [ R IS Sp—— 53, maxmax
16.5 - a Is3
.-"-FFFFE
15,5 ———
a—T & 1% |
E 14.5 1
= 52, maxmax
> 154 ssses=s==S=— = =SS S TS o0 min
= :
S 12,51 e 52
() + * + d
11,5 4 S92 minmi
- - ——wv——w—-»—F-ws—F—w+—» . minmin
10,5 +
¥ TR DTk ¥k ok ke ok (21 maxmax
93y F——F——F——"F——FFF——F2——= g] o
. minmin
8:5 T T T T T T T

0.2 1 1.5 2 2.5 3

Thickness (mm)

3.3 4

Fig. 4. Transfer functions of sensorsSsand S for single parameter testing: capacitance as ifiomaif thickness and displacement: solid linesnominal mode
(no disturbing influence); dashed lines for upped éower limit of influence by disturbing influenc&he probe S1 characterizes with shallow penetratif
electric field, S2 with medium and S3 with deep-gtested field.

Transfer functions calculated according (4) by tabu
weight functionsR; are mapped in Fig. 5, which demonstrates
that transfer functions are more linear in commarisvith
single parameter tests and congruence is more mtngi
However, only expression of these arguments in tifaéine
4 format could give scrupulous representations. Fbat t
purpose, the following metrological characters [@fe
introduced.

Taking into account that the main metrological gyabf
the data processing algorithm is its capabilityctampensate
undesirable influence of main disturbing influenteeding to
measurement uncertainty, priority has been giventhe
compensationerror. This parameter is defined as relative
error (%) of influenced measurements in respectdexal
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Fig. 5. Transfer functions of input parametersdfthess, displacement and

dielectric  permittivity)
methodology.
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into the probe’s capacitpbtained by CDF

measurements obtained without any influence. istion of
compensation errors of the best single parametarep(S1)
and measurements obtained by CDF technology ispted
in Fig. 6. Designatiothe bestto the probe S1 is granted quite
conditionally, only from the point of view of redag
influence of disturbing factors. In this regardistprobe is in
better position in comparison with other single graeter
probes (S2 and S2). Smooth distribution of errérthe probe
S1 in full measurement range seems also acceptable.
However, more detailed examination of metrological
capabilities of single parameter measurements atiedl
deficiencies of such approach for characterizingrohagical
qualities. Actually assumed advantages of compmmsat
capacities of the probe S1 is result of low sevigjtito the
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measurable — thickness of plates or coatings (smesfer order to confirm its suitability for intended use].[ These
functions in Fig. 4). So, there is no need for higlequirements may be applied in full to multidimemsil
compensation capabilities, if the main functioneasurement measurement techniques, particularly thickness omeasent
of plate thickness does not meet requirements. based on CDF. Therefore, the following additionékecia for

As it follows from Fig. 6, CDF measurement techigylo assessment of metrological capabilities of propo&HoF
demonstrates quite different character of errotribligtion. technologies have been introduced:

Presence of sign reversed functions of compensaiaors, =  Sensitivity or resolution of the measurement system
which tends to zero at calibration base (valuemeésurable — ratio of the probe’s output (capacity) over input
by which disturbing influences have been calibratedy be (thickness), dimension pF/mm;

considered as evidence that compensation of disrb * Robustness (in some sources selectivity) is defined
influences is taking place. as ability of the measurement system to perceilge on

the measurable but to be immune in respect to
influencing parameters. In this study - ratio oé th

Compensation error of 51 and CDF compensation error over sensitivity, dimension

4 [%-mm/pF];
3 | e e e e e ——a 51 minmin = Linearity — ratio of the first part of the scale over the
second part of the scale, dimension - decimal
2 7 fraction.
g1 4 = fx.f’x COF. maxmax All these metrological parameters for validationrpgmses
5 \B\k {_;{_fw were applied to single parameter test results, el as to
,_EU ' W_'M-#"" = res_ults_ attained by CDF metholdology. Summary of the
A 4 \-\ CDE. minmi validation results are presented in the Table lobeable
T 51_WW tendencies of metrological parameters are as fstlow
' compensation error - the less error the betteopmdnce; the
-3 more sensitivity the better performance and the tebustness
05 1 15 2 25 3 35 4 indicator the better capability.
Thickness (mm) As it follows form Table I, compensation error istrthe

Fig. 6. Distribution of compensation errors of singarameter and CDF only character of metrological quality. For examgl®F and

measurements technologies. single parameter tests by the probe S1 seems citivget
regarding this character, however low values ofsiieity

make it not applicable in respect to robustness of
measurements. Taking into account results of didaton
parameters, CDF methodology has no competitors gmon
single measurement operators.

Concluding considerations how to assess new maasute
technologies, necessity of additional criteria fgpraising
metrological qualities is evident. Helpful in thisgard would
requirements of corresponding International stas&lawhich
require that all non standard methods should belatald in

TABLE |

METROLOGICAL CAPABILITIES OF SINGLE AND MULTI PARAMETER TESTING OF THICKNESS

Metrological parametersfor ideal and influenced calibration Method

curves CDF st 2 3
Compensation error at min influence [%)] 0.1469 113 -7.9135 -10.640
Compensation error at max influence [%)] -0.0971 983 11.751 13.167
Sensitivity of calibration curve [pF/mm] 0.2914 065 0.3608 0.1974
Sensitivity at min influence [pF/mm] 0.2214 0.0008 0.0153 0.0599
Sensitivity at max influence [pF/mm] 0.3606 0.0032 0.0562 0.1593
Selectivity at min influence [Y%omm/pF] 0.6633 -1921.2 -514.87 -177.38
Selectivity at max influence [%omm/pF] -0.2692 1a21. 208.92 82.645
Linearity of ideal curve 0.7490 0.4765 0.3608 0.1974
Linearity at min influence 0.7317 1.4104 1.3305 1.1843
Linearity at max influence 0.7744 1.6809 1.4374 1.1894
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[5] I. Matiss and A. Purvinsh, Determination of [tric Permeability of

CONCLUSIONS Object with Non-Destructive Testing Method and Cemgation Correction

. Assessing applicability of solving testing tasks bypata Processing Algorithm, Proceedings of EPE-PEBOD4 conference,

; ; ; ; chsr Riga, 2004.
dlf‘fere_ntl means themeSt Serious dlsturblng fa hS 6] EN ISO/IEC 17025:2005. General requirements tfte competence of
potentia sources o measurement uncertainty SNOWing and calibration laboratories (ISO/IEC 170985)
be taken into account.

[7] I. Matiss and A. Purvinsh, Measurement of Fempy Dependent

. Validation of new testing techniques by one paramet Dielectric Properties by the Capacitance Technidtreceedings of IEEE-

is not effective and is not capable to presentdcdile
justification of selected testing approach.

3. Multi parameter testing by CDF methodology may
present interest as more sophisticated mean for
increasing metrological qualities of electricaltieg
techniques. Detailed analysis of a set of validatio

parameters demonstrates advantage of this approag

in comparison with single parameter tests.
4. Approach employed for thickness measurement of
dielectric plates and films may be applied foritest

other input parameters of the same testing assighme

(disposition, dielectric permittivity).
5. Results obtained by electrical testing techniquag m

ISIE-2006 (IEEE International Symposium on IndudtElectronics), Canada,
2006.
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