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Abstract

The influence of normal mode noise on the accuracy of transmission of
standard resistance units using active resistance imitators is analysed. Also
the influence of selected methods of noise attenuation on dynamic
characteristics of active resistance imitators is investigated. The dynamic
errors and transition time of input signals are determined. The investigation
results show that the optimisation of the noise reduction and of the
dynamic characteristics of active resistance imitators under real industrial
conditions is possible by the appropriate selection of frequency-dependent
elements.

Keywords: active resistance imitators, noise, frequency characteristics,
transition time, dynamic errors of resistance imitation.

Wplyw metod ttumienia zaktécen na
charakterystyki dynamiczne
aktywnych imitatoréw rezystancji

Streszczenie

Przeanalizowano wplyw zaklocen réwnoleglych na dokladnosé
przekazywania jednostkowej miary wzorca rezystancji za pomocg
aktywnych imitatorow rezystancji. Przebadano wplyw wybranych metod
tlumienia zaktocen na charakterystyki dynamiczne aktywnych imitatoréw
rezystancji. Wyznaczono bl¢dy dynamiczne oraz czas ustalania warto$ci
sygnatow wejsciowych. Wyniki badan wykazaly, ze mozliwa jest
optymalizacja odpornosci na zaklocenia i charakterystyk dynamicznych
aktywnych imitatordw rezystancji w roboczych warunkach eksploatacji
poprzez odpowiedni dobdr elementow zaleznych od czgstotliwoscei.

Stowa  kluczowe: aktywne imitatory rezystancji, zaklocenia,
charakterystyki czgstotliwosciowe, czas ustalania, bledy dynamiczne
imitowania rezystancji.

1. Introduction

The basis for keeping high metrological reliability of measuring
instruments is periodical checking of metrological characteristics
in their working conditions. The traditional method of verification
is realised by dismantling the instruments from technological

objects and transporting them to conditioning places where normal
conditions for the verification are created. That way of verification
is characterised by both organisational and technical
inconveniences, as well as financial expenses. Moreover, the
verification of measuring instruments in such “purified”
conditions does not allow determining correctly all metrological
properties which can appear in working conditions and revealing
(and then taking into account) all the factors causing errors.

There are a lot of industrial plants where both dismantling the
measuring instruments and setting the measures of standard
quantities for verification directly at the inputs of measuring
devices — or at the inputs of measuring channels — is impossible.
Then the problem of the transmission of standard measure units
over distance — in particular for resistance standards — emerges.
Thus, the accuracy of transmitting the resistance standard units
over considerable distances is related to overcoming the influence
of bus connection resistances and external noises. In such
conditions it is reasonable to build the measures of resistance
based on active resistance imitators (ARIs) [1]. In industrial
working conditions, both internal and external electric circuits of
active resistance imitators are exposed to noise, which changes the
value of the voltage between the points of the resistance imitation.
The noise interferes in the measuring circuits in which ARIs are
plugged, mainly through the parasite galvanic connections
between the source of noise and the measuring circuits, as well as
the result of electromagnetic and electrostatic induction on
a transmission line and on some areas of electric circuits of ARIs.
The increase in power consumption by industrial equipment —
both electromechanical and technological — causes the sharp
increase in the intensity of industrial noise [2, 3]. The noise
involves a growth of the resistance imitation error. Thus, the error
can exceed not only the value of the acceptable basic error, but
sometimes the value of the imitated resistance [4].

The efforts to reduce the impact of noise on the error of
resistance restoration worsen both the frequency and transfer
characteristics of ARIs. That implies that research on methods for
increasing the noise reduction and its impact on dynamic
characteristics of ARIs are essential.

2. Methods for reducing the impact of normal
mode noise

In [5] it is shown that in order to reduce the impact of normal
mode noise in a four-wire ARI, it is necessary to try to equalize
the noise in transmission lines. Equalization of noise in all
transmission lines can be obtained by means of the equality of
parameters of galvanic connections between the source of noise
and separate transmission lines. For equalization of parameters of
galvanic connections, the well-known constructive methods
(screening, mesh shield wiring of transmission lines, grounding,
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etc.) are applied. However, they do not allow complete
eliminating the impact of noise on signals in the measuring
circuits [6]. For reducing the impact of noise, also structural
methods are used [4, 7]. Since common methods for noise
reduction used during voltage measurement cannot be applied to
ARIs, some special methods for reduction of the noise impact on
the resistance imitation error are needed.

The structural scheme of the ARI with compensation of the
impact of normal mode noise in all transmission lines is shown in
Fig. 1.

For equalization of the noise in the first and second
transmission lines, the circuit of forming a compensative current
(CFCCQ), built on the operational amplifier DA2, with the resistors
R;, R, and R; in feedback loops is incorporated. Then, the ARI
static characteristic function is described by

- —e, I
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in

where e,|, en, e, e, are the values of the noise voltage in
corresponding lines; u is the gain factor of a code-controlled
voltage divider CCD; [;, is the input current value; /. is the
compensative current value; R is the standard resistor resistance
value; k is the amplification factor of the operational amplifier
DA3.

When RyR, = R;R;, the CFCC forms the current

I =222, )

Assuming that the error of forming the compensative current is
negligible, the transform function is found as
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Fig. 1.  The equivalent structural scheme of the ARI with compensation
of normal mode noise

Rys. 1. Strukturalny schemat zastgpczy aktywnego imitatora rezystancji
z kompensacja wplywu zaklocen rownolegtych

The equalizing of the noise in the second and fourth
transmission lines is achieved by inserting additional capacitive
connections which provide equal potentials of the variable
component both in the second and fourth line. The noise in the
third line is reduced due to the feedback of the output amplifier,
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placed in the circuit containing this line. So, the efficiency of
noise attenuation depends only on the amplification factor of the
operational amplifier DA3. To reduce the capacity of C; in series
with the resistance of link R;,, the resistor R is added.

The equivalent value of noise between the points 1 and 2 —
when neglecting the errors caused by limitation of the
amplification factor of op-amps and forming of /. — can be
expressed as

R (R R
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R (R R)—————
°( 2t ) oC, oC, ]a)Cl

where w denotes radian frequency.
The attenuation factor of noise influence (in decibels) is equal:
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where U, is the maximal value of noise between the points 1 and 2.
After substituting (4) and other relations into (5), the following

formula is obtained:
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The attenuation factor of noise depends on the values of Ry, R,
C; and C,. The investigation results show that the noise reduction
factor increases by 20 dB when the capacity C; value or the
resistance R value increases by one decimal order. The increase in
the values of C; and R is limited firstly by the input signal
transition time, secondly by the op-amp input resistance and
finally by the capacitor size and residual resistance. The optimal
value of capacity C; is 10 pF.

3. Analysis of ARI dynamic properties

For the purpose of analysing how frequency-dependent
elements influence the dynamic errors of resistance imitation, the
imitated resistance as a frequency-dependent function of the input
signal is determined:

2 5 \2
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o C, o~C, o CC, wC,
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where R,=R;,+R.

The values of capacities C; and C,, as well as the resistance R
value affect the error of resistance imitation. As shown in Fig. 2,
the decrease in both C, and R extends the frequency range of the
resistance imitation. The value of C; does not exert influence on
the frequency range.

The input signal transition time is a distinctive feature for
operation of ARI. The time-domain analysis of the ARI
characteristic can be made by means of the operational method
applied to calculations of transient performance.
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Fig.2. Dependence of the imitated resistance value on frequency: 1 — R=10 kQ,
C=10 pF, C=100 pF; 2 — R=10 kQ, C;=10 pF, C;=10 uF; 3 — R=10 kQ,
C=100 uF, C,=10 pF; 4 - R=10 kQ, C,=10 pF, C=1 pF; 5 - R=1kQ,
C=10 pF, C=10 pF

Rys. 2. Zalezno$¢ wartosci imitowanej rezystancji od czgstotliwosci
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Fig.3. Relative dynamic error of resistance imitation
Rys. 3. Btad wzgledny dynamiczny imitowania rezystancji

The formula describing the voltage between the points of
resistance imitation 1 and 2 after switching the ARI at the starting
moment =0 — under zero initial conditions — to the source of
measure of 1 volt (with output resistance R,,, ) can be expressed in
operational form as:

R,,(P)
Up)=—"""—"1> (3)
p[Rou/ + R[m (p)]
where R;, is equal:
R, (p)= R, (RL2 + R)Czp +Ru 9)

R()(RLZ + R)CICZpZ + Ro(cnu + Cz)p +1

To return to the time-domain function, the inverse Laplace
transformation is applied:

U@ =L"u(p)]- (10)
The relative dynamic error of resistance imitation is given by:
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where U,(¢) is the nominal value of the output voltage between the
points of resistance imitation.

Using MathCad package, the graph of the relative dynamic
error  of resistance imitation versus time 7 (Fig. 3), and the graphs

of the output signal transition time ¢, versus R and C; (Fig. 4) and
C, (Fig. 5) were obtained.

The analysis of those graphs shows that the transition time
depends on R and C,, and practically is independent of C;. The
transition time ¢, duration does not exceed 1s if the values of R
and C, do not exceed 10 kQ and 10 pF, respectively. If R or C,
increase tenfold, the transition time ¢, will exceed 4 s.

Moreover, the ARI operation was simulated using program
Electronics Workbench . In that investigation a rectangular pulse
train (amplitude 1V, the generator output resistance 1kQ) was
delivered to the ARI output which imitated the value 1 kQ, and
transition time was estimated. The oscillograms of transition
processes at the ARI output for different values of R, C; and C,
are shown in Fig. 6.
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Fig. 4. Dependence of the output signal transition time on: a) the value of
resistance R; b) the value of capacity C,

Rys. 4. Zalezno$¢ czasu trwania stanu przejsciowego od: a) warto$ci rezystancji R,
b) warto$ci pojemnosci C,

4

Fig. 5. Dependences of the input signal transition time on the value of capacity C>
Rys. 5. Zalezno$¢ czasu trwania stanu przejsciowego od wartosci pojemnosci C,
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Fig. 6. The output signal of ARI vs. time
Rys. 6.  Zmienno$¢ sygnatu wyjsciowego imitatora rezystancji w czasie

The obtained results demonstrate that the transient process is
mostly influenced by R and C,; an increase in both R and C,
involves an increase in the ARI output signal transition time. The
change in value of C; involves only minute changes in the
transient process, especially when C;<10uF. The simulation
results agree well with the modelled ones.
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4. Conclusions

The noise can considerably affect the resistance error in ARI.
Using the circuit forming a compensative current and additional
capacitive connections, it is achievable to reduce the noise in all
transmission lines of ARI. It is possible to make a trade-off
between the noise reduction and the ARI dynamic characteristics
in specific industrial conditions by matching the capacitors C;, C,
and additional resistor R. For optimisation of ARI characteristics
(its error of resistance imitation, noise reduction factor, frequency
range, input signal transition time) it is recommended to apply
frequency-dependent elements which can be adjusted according to
real conditions of exploitation.
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