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Abstract: The existing indirect methods for electrical
parameters’ measurement of two-terminal elements
exhibit a substantial limitation. Such parameters as
resistance, inductance and capacitance are determined by
means of current, voltage or power measurement and
calculation using relevant formulas. Accuracy of these
procedures is lowered by internal impedance of the
applied meters. In the paper, there are proposed a few
modifications of the well-known indirect methods aimed
at eliminating their errors.
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1. Introduction

Engineering employs the methods of so-called
“indirect” determination the methods of so-called
“indirect” determination of electrical parameters of two-
terminal elements, i.e. separate elements or circuits.

These procedures for the determination of two-
terminal elements’ impedance parameters in a live
circuit (in normal operating conditions or fed by an
auxiliary test source) mainly utilize typical multimeters
and/or voltmeters, amperemeters or wattmeters. Sought
values of the parameters (resistance, capacitance and
inductance) are determined by the measurement of
voltages, currents or powers, and their calculation by
relevant formulas, e.g. Ohm’s law. The most commonly
used procedures are an amperemeter-voltmeter method
and a method of three-voltmeter readings [1], [2].
However, all these procedures exhibit errors caused not
only by insufficient accuracy of measuring devices, but
also by their internal impedances. There have not been
presented simple ways of raising accuracy of these
methods so far. The paper provides a description of the
modification of a few selected methods for the indirect
determination of electrical parameters of two-terminal
elements. The methods are aimed at eliminating the
errors caused by the internal impedances of the elements.

2. Selected existing methods of indirect deter-
mination of electrical parameters of two-terminal
elements

In the method of three-voltmeter readings, this meter
is connected in parallel successively with a supply

source, a resistor of the known value R, and with a tested
two-terminal element of the unknown parameters R; , X;

(Fig. 1).
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Fig. 1. Explanation of a three-voltmeter
readings method.

The sought parameters are given by the formulas
below
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With the help of the amperemeter-voltmeter method,
it is possible to determine an impedance module (when
using AC test voltage U) or resistance (when using DC
test voltage) of the two-terminal element. Two different
test circuits are available for the application of this
simplest indirect measurement method (Fig. 2 a, b).

Fig. 2a,b. Determination of resistance R with the help of the
amperemeter-voltmeter method using a DC test voltage U.
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For both measuring circuits, the sought parameter R
is given by the following formula

R=—L 3)

The three voltmeter readings and amperemeter-
voltmeter procedures require a constant RMS value of
supply voltage U. For derivation of formulas (1), (2), (3),
internal impedances of measuring devices were not taken
into account. Therefore, the results obtained from these
expressions may substantially differ from actual values
of two-terminal element’s parameters if Z;#o0 and R,#0.
Dependence of a relative error of the determination of R,
X; parameters on R; level for the fixed Ry and R,
values in the method of three-voltmeter readings is
shown in Fig. 3.
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Fig. 3. Relative errors of R;, X; parameters determination for
fixed Ry=10 MOhm. Curves:
1. determination of R; for Ry=100 kOhm, X;=100 kOhm,
2. determination of R; for Ry=1000 kOhm, X;=100 kOhm,
3. determination of X; for Ry=1000 kOhm, R;=100 kOhm,
4. determination of X; for Ry=100 kOhm, R=1000 kOhm.

Due to these inaccuracies, the indirect methods have
got only a limited application for elements parameters
determination. In fact, internal resistance of multimeters
is of the order of magnitude of 10 MOhm (voltage input)
and 10-100 Ohm (current input) which may be
comparable to the measured elements resistances. There
is, however, a simple way to eliminate this drawback
with the help of the modification presented below.

3. Modified methods of determining electrical
parameters of two-terminal elements

The above presented indirect methods exhibit the
errors caused by internal impedances of measuring
devices Z,#x and Z,#0. For the amperemeter-voltmeter
method, this drawback can be eliminated when the
voltmeter is connected in parallel with an amperemeter
(Fig. 4b) [3]. In this way the current, flowing through the
element when measuring the voltage across its terminals,
is accurately determined.

Uy voltage is equal to (Fig. 4a)
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It turns out that the ratio of Uy voltage to I, current
is equal to impedance module Z of the element.
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Fig. 4. Method of accurate determination of impedance module Z:
a) measurement of Uy voltage across the element,

b) measurement of 1, current flowing through the element
when measuring voltage across its terminals.

It follows from formula (6) that this procedure of the
impedance module determination is not affected by
internal impedances of measuring devices.

Using the above presented method of accurate
measurement of the current flowing through the element
when measuring the voltage across its terminals, other
procedures of indirect determination of two-terminal
elements parameters can be modified [4]. This
improvement is explained below in relation to the three-
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voltmeter readings method. At first, impedance modules

‘RO +Zi‘ and Z; should be determined as shown in

Fig.5a, b.
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Fig. 5a. Impedance module Z; determination.
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Fig. 5b. Impedance module

For derivation of the sought formulas, the circuit
shown in Fig. 1 without a voltmeter should be
considered. Let the current flowing through resistors R,
and R; without a voltmeter be marked as /. With the use
of the above determined modules of impedances

‘Ro +Zi‘ and Z; voltages U, Uy, U; (RMS values) can

be expressed as

Uy=R,-1 (1)
U=z 1=22 ®)
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On substituting these expressions into (1) and (2),
the following formulas for impedance parameters are

obtained
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It should be noticed that the modified three-
voltmeter readings method has been transformed into a

procedure employing one voltmeter and one am-
peremeter.

4. Other methods of indirect determination of
electrical parameters of two-terminal elements

Besides the methods described above, there can be
developed a few other procedures, which are free of
errors caused by internal impedances of measuring
devices. An example of the procedure using a voltmeter
and a wattmeter is shown in Fig. 6.
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Fig. 6. Two-stage procedure of indirect determination of R
resistance with the help of a voltmeter and a wattmeter.

The wattmeter indication in the first stage is

B =U! (G, +G, +G,+G) (12)
whereas in the second one it is
P, =U;-(Gy +G, +G,) (13)

where G, Gy, Gy, G, are the conductances of a two-
terminal element, a wattmeter, a voltmeter, and an
additional resistor respectively. It is not necessary to
know values Gy, Gy, G,y . Besides, supply voltage U
does not have to be the same at both stages. From
equations (12) and (13), the sought value of R is
calculated as follows:

1 Ul -U;

- = (14)
G P-U;-P-U;}

For the determination of B susceptance with the
known value of G and constant U voltage, one can use
the modified amperemeter-voltmeter method as shown in
Fig. 4.
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Fig. 7. Two-stage procedure of indirect determination of R
resistance with the help of an amperemeter and a wattmeter.
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From (15)

2 2 2 2
IA:UV-(G +B ) (15)
the sought value of B is obtained.

For a two-terminal element consisting of a resistor
connected in series with a reactive element, e.g. a
capacitor, an alternative circuit (Fig.7) can be used.

The sought value of R is given by the formula below
R e Y

R
112']22

(16)

5. Conlusion

1. The methods of “indirect” determination of
two-terminal  elements parameters may exhibit
considerable errors caused by their internal impedances.

2. The modified indirect methods of parameters
determination by formulas (6) (10), (11), (14), (16) (and
other similar procedures as well) provide accurate results
which are not influenced by internal impedances of the
applied measuring devices.

3. The modified methods can be used for the
circuits not only supplied from test sources but also
under normal operation. One of the possible areas of
application may be the determination of insulation
parameters, i.e. resistance and capacitance.
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MOJUPIKALIA HEITPAAMUX METO/IIB
BU3HAYEHHS EJIEKTPUYHUX TAPAMETPIB
Y CXEMAX IIIJT HAITPYT O1O0

Hitorp OnboBen

IcHyro4l HempsiMi METOAM AJIsi BU3HAYCHHS CJICKT-
PUYHUX TIapaMeTpiB ABOKICMOBHX CIEMCHTIB MaloTh
CyTTeBe OOMexeHHs. Taki mapaMeTpu SIK Omip, iHIyK-
THUBHICTb | €EMHICTh BU3HAYAIOTHCSI YE€PE3 BUMIPIOBAHHS
CTpyMY, HATIPYTH 1 TOTYXHOCTI, a TAKOXK PO3PaXOBYIOUH
ix 3a momomoror BigmoBigHUX (Gopmyn. TouyHICT MHUX
METOJIIB 3HIKYETHCS U€pe3 BIACHUI IMITeJaHC BUMIpIO-
BaJIbHUX MPHUIIA/IB, III0 BUKOPUCTOBYIOTHCS. Y IIiii CTATTI
3alpoIIOHOBAHO JIeKiTbKa MoIudikaliii 1oope BiZoMux
HENpsSMUX METONiB. 3aBHaHHA 0UX Moau(ikamii
MoJisira€ B yCyHEHHI MOXMOOK, 1110 BMHUKAIOTh Yy pasi
3aCTOCYBaHHS ICHYIOUHX METO/IIB.
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