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PECULIARITIES OF THE UNCERTAINTY DETERMINATION FOR VECTOR QUANTITIES
REPRODUCTION AND TRANSFER

Peculiarities of the uncertainty determination in case of vector values measurement are analyzed. Analysis
shows, that in case when both parameters of vector value are significant, appear correlation between these two
measured parameters, caused by imperfection of the measuring instrument and uncertainty of both parameters of
used standard. This correlation has to be determined and taken into account during the uncertainty determination.
On the example of inductivity unit reproduction analysis show that neglecting of this fact could led to incorrect un-

certainty determination.
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Introduction

Uncertainty estimation of modern measuring
equipment is the complicate process because of it need
taking into account many uncertainty sources. Neverthe-
less, notwithstanding the fact that the uncertainty deter-
mination process is very complicate, all these processes
are well described in fundamental works [1 — 4]. Usually,
during the uncertainty determination process, we analyze
the influence of the complex of destabilizing factors on
concrete physical value. Generally, measured value is
described as scalar one. Such approach is used even in the
case then the vector physical value is measured. In this
case two parameters of complex value are measured and
uncertainty are usually determined separately for every-
one parameter. It is evidently shown by structure of stan-
dards and transfer chains. Any one of these standards and
transfer chains don’t take into account correlation be-
tween two impedance parameters, caused by imperfection
of the measurement instruments. This approximation is
good enough when one of the impedance parameters is
much greater than another: during the measurement of
capacitance with low dissipation factor, resistance with
low phase angle etc. Such approach permits to simplify as
it is complicate process of uncertainty analysis.

Problem

In practical measurements and sometimes during
unit reproduction we have deal with measurement of the
vector values, having both parameters being significant.
In this case we have to take into account correlation
between these two parameters, caused by imperfection
of measuring instrument. This fact is well known. It
complicates uncertainty analysis but not always it is
taken into account.

Decision

As the example, let we will analyze inductance
unit reproduction, based on comparison of the inductive
Z; and capacitive Zc standards on well known fre-

quency © using comparator, which measure ratio K of

these impedances (K = K, + jKy). Here we will analyze

the peculiarities of the uncertainty determination type B

only. Formula (1) describes the comparison process:
Z—L=K=KC+ij. 1)
Zc

Here K. and Ky are active and reactive components
of impedance ratio, given by comparator [5].

Let we’ll suppose that comparator determines co-
efficients K. and Ky with additive AK, and AK, and
multiplicative J. and J, uncertainties, so that these val-
ues are described by formulas:

Ke=Keo(l +8c) + AK;

KK: KKO(I + 61() + Aka (2)
where AK, and AKy, 8. and &, are the complex
numbers, described by formulas:

AI<c = AI<cc + JAKCK 5

AI<k = AKKC + jAKKK > (3)
8(: = 8(:0 +j8clc;
Oy = Ok +0kk -

Let, as usually, suppose that impedance of capacitive

and inductive standards are described by formulas:
Zc: 1/J0)C0(1 7jtg6c);
Co = COH (1 + 60)(1 _j(tgsco + Atgse))
(parallel equivalent diagram);

Z; sjoL+r;  tgd=r1/oL “)

(serial equivalent diagram),
where C,; — measured value of standard capacitance; & —
uncertainty of standard capacitance measurement; tgd., —
measured value of capacitive standard dissipation factor;
Atgd. — uncertainty of capacitive standard dissipation factor
measurement; L and tgd; — inductance and dissipation fac-
tor of inductive standard to be determined.

Let, as well, suppose that operating frequency is
described by formula:

® = (1 +3y), 5)
where ®, — measured value of comparator operating
frequency; 9, — uncertainty of comparator operating
frequency measurement.
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Substituting (2), (3), (4) and (5) into (1) we can get:
K
L=——(1-tgdL tg8c)
o Cqy
tgd
Lo J (©)

r= Kio 1+
oC,yy tgd
1
>j |
tgdy,

K
ko [1 +1g8,, (tgdy +
K
Using named substitutions it is easy to show as

tgdy =

Cco

well, that:
SL=vX*+Y?; (7)
8(tgdL ) =/(8,)* +2%, ®)
where

X2 = A2 +(28,) +(8,)%;
Y2 = (tgd;)* (B” +(Atgdc)*) ;

Z* = (B +(Atgd,)?)| (tgdy ) +;2
(tgdr)

A2 = (8.0) + (1881 ) (B 1 )* +M?;

B? = (8 )” +(tg81 )2 (3 )* + N7

2 2
MZ :(AKCCJ +£AKkkj :
Kco Kco

2 2
N2 :(Achj +[Ach] )
Kko Kko

Formulas shows that reproduced inductance value,
calculated by formula (6), slightly differs on classical
value (L= 1/0’C,, ). This relative difference is equal to
product of dissipation factors of inductive tgo; and ca-
pacitive tgd. standards.

Because of dissipation factor tgd; of inductive stan-
dard is rather great (usually 0,1 — 0,3), the uncertainty of
capacitive standard dissipation factor uncertainty A¢gd. has
to be low (last term in radicand, formula (7)). If, for exam-
ple, we want to get this part of uncertainty less than 1 — 3
ppm, the uncertainty of capacitive standard dissipation
factor has to be less than 3 — 10 ppm. Taking into account
that for inductivity unit reproduction on point 100 mH and
at 1 kHz we need usually capacitive standard having ca-
pacitance 25 — 250 nF or more, these requirements are very
severe. If inductive standard on point of unite reproduction
has lower impedance (1 mH, 10 mH), the dissipation fac-
tors of both inductive and capacitive standards increase and
requirements to uncertainty of capacitive standard dissipa-
tion factor measurement become still more severe.

Formula (7) shows as well, that some part of the
comparator uncertainty of measurement (B?) enters into
common uncertainty as product of B> and tg3, .

Thus, analysis of the formula (7) shows that there
are two parts of uncertainty 6L sources:

— first part of sources enter into formula (7) with
multiplier 1 (comparator uncertainty A’, uncertainty of
capacitive standard capacitance determination 6,, dou-

ble uncertainty of frequency measurement);

— second part of uncertainty sources enter in for-
mula (7) with multiplier tgd; (comparator uncertainty
B?, uncertainty of capacitive standard dissipation factor
Atgd,. determination).

This analysis shows that we can estimate uncer-
tainty of inductance unit reproduction, considering tgd;
as the sensitivity of the 5L to the appropriate sources B*
and Atgd.. In this case sensitivity should be considered
as the constant.

Let we’ll analyze uncertainty of tgd, reproduction,
given by formula (8).

In this case dependence of the uncertainty 6(tgd;) on
different sources is much more complicate. Only one
source of uncertainty (8,,) enters in formula (8) with sen-
sitivity 1. Uncertainty A#gd. of the capacitive standard
dissipation factor and uncertainty B® of the comparator
measurement enters in formula (8) with complicate coef-
ficient, being function of the tgd;. It easy to that d(tgo,)
sharply increase when tgd; decrease.

Components of comparator measurement uncer-
tainty used in values A” and B? could be found using
replacing method (to find multiplicative component d,. =
dcc + jOcc and &, = &y + joi) and by measurements of
comparator initial parameters (AK. = AK,. + jAK and
AI<k = AKKC + JAKKK)

Conclusion

To determine the uncertainty of the vector value
measurement it is need to find in either way correlation
between two components of the vector value caused by
measuring instrument and used standards. Uncertainty
of anyone component of vector value has to be calcu-
lated taking into account this correlation. Neglecting of
this correlation could led to the incorrect uncertainty
estimation.
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OCOBJIMBOCTI OLIHKUX HEBU3HAYEHOCTI BIATBOPEHHS TA NMEPEAABAHHS OAMHMLLL BEKTOPHUX BEJIMYMH
M.M. Cypay, O.JL. Jlameko, O.C. Axmanos, I.M. Cypay

Ananizyromocst 0codau80Ccmi OYinKU HeGUSHAYEHOCMT BUMIPIOBAHHA BeKMOPHUX enuUdUH. AHANI3 NOKA3YE, WO 8 CUMYayisx,
KoMu 084 napamempad 8eKMOPHOI GeNUUUHU MAIOMb CYMMESE 3HAUEHHS, Mpeda SUSHAYAmY Kopeaayiini koegiyicnmu, AKi 06y-
MogeHi HeideanbHicmio BUMIPIOGANbHOT anapamypu ma Hegu3HayeHicmio 000X napamepie emanonda, AKull BUKOPUCINOBYEMBCAL.
Li kopenayitini koegiyienmu mpeba bpamu 00 ysazu, KOaU 8USHAYAEMbCS HEBUSHAUEHICMb BUMIPIOBAHHS 6EKMOPHOI 8EIUYUHU.
Jns cumyayii, konu 6i0meoproemvcsi 00uHUYs IHOYKMUSHOCMI, NOKA3AHO, WO He BUKOHAHHI YUX YMO08 ede 00 pOCcmy HegusHaue-
HOCMI 6UMIPIOBAHD.

Knrouosi cnoea: nesusnauenicmos, 6eKmMopHA GeIUNUNHA, BUMIDIOBAHHS, NAPAMEMPU, KOPENAYis, 0OUHUYS iHOYKMUBHOCTI,
6i0meopenns, pakmop empam, emaion.

OCOBEHHOCTH OLLEHKMU HEOMPEAEJNIEHHOCTHU BOCINPOU3BEAEHMUS
U NEPEAAYM EAMHML, NTAPAMETPOB BEKTOPHbIX BEJIMYMH

M.H. Cypny, A.JIL Jlameko, A.C. Axmanos, I[.M. Cypay

Hcecenedyromes ocobennocmu pacuema HeOnpeoeieHHOCHU UsMepeHuti 6eKMOpHbIX éenuyut. Tlokazano, umo 6 mex ciyya-
AX, KO20a 6eKMOPHAS 6EIUYUHA ONUCHIBAEMC S OBYMA NAPAMEMPAMY, KAXHCObIL U3 KOMOPLIX UMeem CyuwecmeeHHoe 3HaveHue,
Heb3s npenedpecamsv Koppensyuell pe3yibmamos UsmMepeHull dMux napamempos, 6bl36aHHON HeUdearbHOCHbIO USMEPUMENbHOU
annapamypbl unu HeonpeoeneHHOCMbIO UsMepeHuti 060UX Napamempos UCnoIb3yemMblx 00pasyosvix mep. Ha npumepe ananusa
HeonpedeNeHHOCmU 80CHPOU36eOeHUs eOUHUYbI UHOYKMUSHOCHU NOKA3AHO, YMO HpeHebpedceHue dmum 00Cmosmenscmeom
npUOOUM K pOCHy HeonpeoesieHHOCMU USMePEeHUI.

Knrouesvie cnosa: neonpedeneHHOCMb, 8eKMOPHAS 6ETUYUHA, USMEPEHUE, NApaMempbl, KOPPeIAYUs, eOUHUYA UHOYKmMus-
HOCMU, 60CNPOU3BEOCHUE, YAKMOP NOMePb, SMAIOH.
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