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Abstract

The features of calibration of analog ohmmeters are considered. Two measurement schemes for calibration were studied:
using a multivalued standard measure, which makes it possible to set the ohmmeter readings to the calibrated scale mark,
and by a direct measurement of the resistance value of a standard single-valued measure using a calibrated ohmmeter.
It is shown that in the first case, the reading error includes two components: the error due to the phenomenon of parallax and
the error in aligning the ohmmeter needle with the calibrated scale mark. In the second case, instead of the last component,
it is necessary to take into account the interpolation error. Expressions for the uncertainty evaluation of corrections for all
components of the reading error for linear and nonlinear ohmmeter scales are given. Formulas have been obtained that
make it possible to calculate the measured resistance value in the event that the ohmmeter needle falls between the marks

of a nonlinear scale.
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Introduction

In metrological practice in various areas of
national economy and industry, a large number of
analog ohmmeters are used, which, like any other
measuring equipment, are subject to verification/
calibration [1]. When calibrating analog measuring
instruments, a significant contribution to the evaluation
of the measurement uncertainty is made by the reading
error [2, 3]. Due to the physical principles inherent
in their design, analog ohmmeters have both linear
and nonlinear measurement scales. The presence of
a nonlinear scale makes it difficult to perform an
accurate reading of the measured resistance value,
which leads not only to an increase in the value of the
bias of such an estimate, but also to difficulties in the
measurement uncertainty evaluation. The latter leads to
difficulties in assessing the conformity of ohmmeters
with metrological requirements [4].

The purpose of the paper is to study the mea-
surement uncertainty associated with the components
of the reading error for analog instruments with
uniform and non-uniform scales.

1. Basic variants to calibrate ohmmeters

The main calibration scheme for ohmmeters is
the direct measurement of the resistance value of
a standard measure by an ohmmeter to be calibrated.
In this case, two measurement cases are provided:
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the use of a multivalued measure, which allows setting
the ohmmeter readings to a calibrated scale mark and
a direct measurement of the value of a single-valued
measure by a calibrated ohmmeter (in the range of
less than 10 Ohms and over 108 Ohms).

1.1. Using a multivalued resistance measure

The correction for the error from installing the
calibrated ohmmeter at a given digitized mark A,
includes two components: correction for the error
from parallax A,, which occurs when the needle of
the instrument is located at a certain distance from its
scale and the needle is sighted by the operator at the
direction not perpendicular to the surface of the scale,
and the correction for inaccuracy in the alignment of
the needle with a quantized scale mark A, associated
with the thickness of the needle and the stroke mark
applied to the scale. The mathematical expectation of
these corrections A " 3,, is taken equal to zero. Below
is the uncertainty evaluation of these corrections.

1.2. Measurement uncertainty of the parallax error
correction

If the distance between the needle and the scale
is h, the distance from the observer’s eye to the
instrument scale is H, and the displacement of the
observer’s head from the perpendicular to the centre
of the scale is equally probable within =D, then
the error limits of setting the needle to the quantized
scale mark £0, will be determined by the expression:
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Fig. 1. Dependence of the standard uncertainty of the reading of the V7-15 ohmmeter at the limit of 10 Ohm
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(1)
where S=A,/A; is the sensitivity of the ohmmeter
at a given point on the scale, i.e. length of the scale
section A; in millimetres per unit of resistance A,
near the calibration point.

If the ohmmeter scale is uniform, then taking into
account the fact that the length of the entire ohm-
meter scale is L, and the value of the measurement
limit (end of the scale) for the selected range is R,
the sensitivity value is determined as:

S=L/R,. )

If the ohmmeter scale is non-uniform, then the
sensitivity value will be equal to:

LR
§=——",
(R+R,)

where R, is the resistance value corresponding to
the geometric midpoint of the scale in a given mea-
surement range; R is the resistance value correspon-
ding to the calibration point.

Assuming a uniform distribution of the error
from parallax over the interval between its limits,
the standard uncertainty for a uniform scale wuy(A,)
will be equal to [5, 6]:

3

DhR
ug(A,))= =,
Pt BHL
and for non-uniform scale it will be determined
by the expression:

4

2
uy(A,) = M (&)
3HLR,

The standard uncertainty of the correction for the
mismatch of the needle with a scale mark, the limits
of which are *+d, assuming its uniform distribution in
this range, will be equal to [5, 6]:

%(An):% (©)

or, taking into account expressions (10) and (11),
we have:

dR
uy(A,) = 24 (7)
3(A,) L
for a uniform scale, and
d(R+R )
ug(A,)=——"7F— (8)
Ay NG)

for a non-uniform scale.

Thus, for a uniform scale, the combined standard
uncertainty of the reading when using a multivalued
standard measure will be equal:

2 2
R, (D_hj +[£) , )
B\ H 2
and for non-uniform scale:
#-6)
— |+ =].
H 2

With a distance from the observer’s eye to the
instrument scale equal to H=250mm, a head dis-
placement D of =50 mm, and a distance between the
scale and needle # from 0.5 to 1 mm, the parallax
error limits 0, can range from 0.1 to £0.2 mm. The
thickness of the needle d, as well as the thickness of
the scale mark, may also affect the accuracy of the
reading, and their values of 0.05...0.1 mm give an
error component d/2 = 0.025...0.05 mm, which is an
order of magnitude less than the error limits from the
parallax.

In this case, the combined standard uncertainty
of the reading when using a multivalued measure for
a B7-15 ohmmeter with a scale length of 68 mm at a
limit of 10 Ohms (resistance value corresponding to the
geometric middle of the scale in a given measurement
range R,=10hm) will be, depending on the resistance
value, corresponding to the calibration point R and
will change as shown in Fig. 1 and reache a value of
0.75 Ohm at the 20 Ohm point.

Up (Ac) =

(R+R,)’

(10)
3LR,

Up (A(_‘) =
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Table 1
Dependency approximation of R.=f(L.)

R, Ohm L, mm 1/R,, Ohm'* 1/L, mm’ Ryyppr» Ohm 8 apprs %6
0.1 6.4368 10 0.15536 0.100 -0.17
0.2 11.905 5 0.08400 0.202 -0.97
0.5 23.833 2 0.04196 0.503 -0.60
1.0 35.982 1 0.02779 1.011 —1.08
2.0 48.033 0.5 0.02082 2.009 —-0.45
3.0 54.180 0.33(3) 0.01846 3.019 —0.64
5.0 60.184 0.2 0.01662 4.965 0.70
10 66.050 0.1 0.01514 10.270 -2.70
20 69.098 0.05 0.01447 19.885 0.58

1.3. Using a single-valued measure

In this case, the readings of an ohmmeter to be
calibrated are estimated by the position of the needle
of its indicator, which generally is located between the
scale marks. Then the correction for the reading error,
in addition to the correction associated with parallax,
will include a correction associated with interpolation.

Therefore, itAis necessary to estimate the measured
resistance value R, with an ohmmeter to be calibrated
and evaluate the uncertainty of the correction for the
interpolation error.

Usually in practice, when the indicator needle falls
between two scale marks, to improve the accuracy of
the reading, the division value R, is mentally divided
into an integer number g of small divisions, which
is taken equal to two, five or ten, depending on
the length of the division on which the instrument
needle falls.

Then for an ohmmeter with a linear scale,
the measured resistance value will be equal to:

R=R,*mR*nR /g, (11)

where m is the number of divisions from the quantized
mark R, to the division on which the instrument
needle falls; » the number of small divisions from the
beginning of the division on which the needle of the
device falls to the position of the needle. The standard
uncertainty of the reading in this case, assuming
a uniform distribution between the two scale marks, is:

R
uy(A) = —=. (12)
B 2q \/g
For an ohmmeter with a nonlinear scale, it is
necessary to know the dependence of the ohmmeter
reading R, on the length of the scale from its beginning
to the reference point:

R = f(L,). (13)

In this case, the sequence of actions to deter-
mine ﬁc will be as follows:

1. Determine the value of the limits of the divi-
sion on which ﬁc is located: R, R, and the scale-
division value: R, = R, — R,

2. Using the inverse relationship L, =f(R,), find
these values in millimetres: L, =/ (R 1i.)s Lo =/ (R ad)»
as well as the “geometric” scale-division value
L,= Ly = Loy -

3. By mentally dividing L, into ¢ parts, find the
measured value L, in millimetres as:

min > max 2

~

L. =L

c min

+nL,/q.

4. Using dependence (13) find the measured value
R, in resistance units:

ﬁ¢=f(2c)

5. Then the interpolation uncertainty will obvious-
ly be equal to:

R
uB(Ac): £ .

2q\/§

In [7], this dependence was determined for
the V7-15 ohmmeter (Fig. 2). It is given in Table 1.
L

c

a+bL,

We approximated it by an expression R =

with preliminary linearization by the method of chan-
ging variables R’ =1/R,, L =1/L [8]. The linearized
dependence R =wy(L;) is shown in Fig. 3. The value
of a=70.5 mm/Ohm and b=-—0.97 Ohm! was obtai-
ned using the least squares method. The approxi-
mation error does not exceed —2.7% over the entire
length of the scale.
The inverse relationship has the form:
_ 70.5-R,
© 1+097-R’
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Fig. 2. Dependence of R.=f(L,) for ohmmeter V7-15
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Fig. 3. Linearized dependence of R, = y(L;)

In this case:

L = Lmax - Lmin = 705 R"“ax (1 + 097 : R‘.min ) B Rcmiﬂ (1 + 097 ) Rl'max ) =
4 (1+097-R.,.)A+097-R_.)
_ 5 c max _Rﬂmin
T(1+097-R,_)1+097-R )’
L’\ _ 70'5'R¢-min 5 2 Rcmax _Rcmin —
¢ 1+097 .Rcmin ’ q (1+097 .Rcmax )(1+097 .Rcmin)
_ 705 o R
14097 R, | ™ g (1+097-R,) |
h h d 1 A 3 . f . b f d ~ _ ch
Then the measured value R, in units of resistance can be found: RC 705-097 'Zc :

At the beginning of the scale, at R, =0,

N R A R -n
then Lc:70.52-—g and R = L .
g (1+0.97-R)) 140.97-R, (1-n/q)
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Fig. 5. Relative interpolation error obtained without taking into account the proposed formulas for: 1 — R,=0.05; 2 — R,=0.1;
3-R=0.25;4-R=0.5,5-R=1.0,6-R=5.0

The dependences IQC on n/q for different R, are
shown in Fig. 4.

The relative interpolation error at the beginning
of the scale 8, %, obtained without taking into ac-
count the proposed formulas, is shown in Fig. 5.

As can be seen from the graphs presented in
Fig. 5, the maximum value of the interpolation error
obtained without taking into account the proposed
formulas can reach —81%.

Conclusions
1. Expressions were obtained for the uncertainty
evaluation of corrections for all components of the
reading error for linear and nonlinear ohmmeter scales.
2. It is shown that the combined standard
uncertainty of the reading when using a multivalued

measure for a V7-15 ohmmeter with a scale length
of 68 mm at a limit of 10 Ohms (resistance value
corresponding to the geometric middle of the scale at
a given measurement range = 1 Ohm) reaches a value
of 0.75 Ohm at the 20 Ohm point.

3. The dependence of the readings of the V7-17
ohmmeter on the value of the measured resistance
was approximated by the least squares method, with
preliminary linearization by the substitution of variables
method. The resulting expression made it possible to
obtain formulas that allow calculating the measured
resistance value in the event that the ohmmeter needle
falls between the marks of its scale.

4. It is shown that the estimate of the measured
resistance value, obtained without taking into account
the proposed formulas, can reach —81%.
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JlocJtipKeHHs: MOXUOKHM BiaJIiKy mpu KamiOpyBaHHI
AHAJIOTOBUX OMMETPIB
I.M. 3axapos’, O.A. Boutopa'!, B.C. CemeHixiH'?

T Xapkiecbkull HaujoHanbHUl yHieepcumem padioenekmpoHiku, npocr. Hayku, 14, 61166, Xapkis, YkpaiHa
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AHoTauis

Po3riisiHyTo 0co0AMBOCTI KaniOpyBaHHSI aHATIOrOBUX oMMeTpiB. JlochimkeHo nBi cxeMu BUMIpIOBaHb MpU KaaiOpyBaHHI:
3 BUKOPUCTAHHSIM OaraTo3HayHoOi €TaJIOHHOI MipM, 1110 J03BOJISIE BCTAHOBJIIOBATU CTPIJIKY iHAMKATOpa OMMETpa TOUYHO
Ha KajiOpyBaJibHY BIIMITKY LIKaad, Ta MpsiMe BUMIpPIOBAaHHS 3HAYEHHSI OIMOpPY €TAJIOHHOI OJHO3HAYHOI MipyU OMMETPOM,
1o kajniopyerbcsi. IlokazaHo, 110 B IeplioMy BUITAAKy MOXMOKa BiMIiKy BKJIIOYA€E ABi CKJAMOBi: MOXUOKY, 3yMOBJIEHY
SIBUIIIEM Iapajakca, i MOXMOKY CyMillleHHSI CTPUIKM OMMeETpa 3 KaJdiOpoBaHOW BiAMITKOI0 IIKaJlWd. Y IPYroMy BHUIIAAKy
3aMiCTh OCTaHHbBOI CKJIAAOBOI HEOOXiTHO BPaXOBYBaTHU MOXUOKY iHTeprossuii. OTpuMaHO pe3yJbTaTh IS OLliHIOBAaHHS
HEBM3HAYEHOCTI IMOMNpPaBOK Ha BCi CKJIAAOBI MOXMOKM BiMIIKY SK IUISl JIiHIMHOI, TaK i JUIsi HEJHIMHOI IIKaJIu OMMETpa.
[IpornoHyeTbCs aNrOpUTM OLIIHIOBAHHS YMCJIOBOTO 3HAYEHHS BUMIipIOBAHOTO OIOPY 3a HEJiHIMHOI0 IIKaI0l OMMETpa.
ITpoBoauThCS ampokKcuMalliss HeliHiiHOI 1mKaau omMmeTpa B7-15, Ha OCHOBIi sIKOi oTpuMaHO (OpMYJIU, IO J03BOJSIOTH
0o0YHMCIIOBAaTA BUMIpIOBaHE 3HAUYEHHSI OINOpY B pa3i MOTpaIruIsIHHSI CTPUIKM OMMETpa MiX BiAMITKAMM HOro IIKaju.
PospaxoBaHo moxuOKu iHTeproslLLi, sIKi Oyae oTpuMaHo 6e3 ypaxyBaHHS 3anpornoHoBaHuX ¢opMys. HaBeneHo mareMaTuyHi
BUpa3u sl OLIHKM CyMapHOI CTaHIApTHOI HEBM3HAUEHOCTI BiIJIiKy MPU BUKOPUCTAHHI LIMX CXeM KayliOpyBaHHS OMMETpPiB
i3 JIIHIMHOIO Ta HeJiHiliHOIO HIKaJlaMu. Po3pobiieHa MeToarMKa € MpUAATHOIO MPU BUKOPUCTAHHI iHIIMX TUITIB BUMipIOBaJlb-
HUX TPUWIATIB i3 HETiHIHOIO IIKalow: (apamoMeTpiB, BUMIpIOBaUiB BiIHOIIEHHS PiBHIiB HAIMpPYyrd 3MiHHOTO CTPyMY Ta iH.

KiouoBi ciioBa: aHajoroBuii oMMeTp; HeliHiiiHA IIKaja; MoxuOKa BiAJliKy; HEBUM3HAUYEHICTb BUMipIOBaHb.
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