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Abstract — The given research represents an analysis of
impedance simulators circuits principle of work by
means of the oriented graphs method. The veracity of
the obtained results is confirmed by comparing the
latter with those obtained by computer simulating in
the Multisim program.
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1. INTRODUCTION

The metrological impedance simulators (MIS) in
Cartesian coordinates represent some circuits, which
ensure the reproduction of reference impedances with
a different caracter, used to measure of impedances
[1], [2]. The impedance reproduced by the MIS is
expressed in cartesian coordinates ensuring the
independent  adjustment of active and reactive
components. According to the entrance primary value,
the MIS can be either current commanded, or voltage
commanded.

One of the most efficient instruments of analysing
and optimizing the processes in such circuits is the
method of oriented graphs.

2. METHODES DE CALCUL DU FLUX
LUMINEUX EMIS PAR LES SOURCES
ELECTRIQUES DE LUMIERE

For electronic circuits the oriented graph has the form
of an arbor, where the nodes correspond to the
ecuations dependent or independent variables, and the
links between the variables are represented through
branches which join the given knots. The nodes are
described by the knot sign, but the branches by
orientation and the transfer coefficient [3]. The MIS
circuits [1] are composed of levels with linear
transfer functions, on the basis of  operational
amplifiers (OA) with passive elements and don’t
contain non linear elements.

Figure 1 represents the structure of a MIS circuit
commanded in current. It contains the next levels: the

current-to-voltage convertor (OA A)), the differential
amplifier (OA A;), the first and the second
programmable amplifiers (respectively, OA Aj, Ay),
the third and the fourth programmable amplifiers
(respectively, AO As, Ag), the phase shifter at 90°
(AO A;) and the summator on the OA Ag basis.
Selection of the value band for the active component
adjustment of the impedance Z;, produced at the
entrance pole is carried out with the resistor R4, and
for the reactive componentt — with the resistor Rg.
Adjustment of the reproduced impedance active
component in the selected band is carried out by
means of the resistor R;;, and that of the reactive
component - with the resistor R;, .
In the oriented graph of the circuit the ideal
operational amplifiers graph with infinite amplification
factor are used [3].
The figure 2 represents the circuit oriented graph. G;
represents the R; resistances conductances, B; - X
reactance succeptance, d, p respectively represent the
R;; and R;, resistors insertion caracteristics in the
circuit.
The problem proposed to be solved is to determine the
transfer factor from the circuits A point to B point, A
node sign being the /; current, and B node sign being
the Uy voltage. To simplify the circuit graph there were
carried out transformations in the graphs of all the MIS
componence blocks according to the transformations
rules [4], taking in consideration the components
values. The simplified graph (Fig. 3, a) ensures the
same function of transfer from point A to point B alike
in the initial graph.
To determine the transfer factor between A and B
points, which correspond to the MIS entrance poles,
the whole graph was reduced to a single branch (Fig 3,
b).
The virtual impedance Z; reproduced by the MIS at the
entrance poles can be determined:
Z, =Us/I, @)
where Uy is the voltage on the resistence Rg, I; — the
MIS entrance current.
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Figure 2:— Graph of the current commanded MIS.
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Figure 3: The simplified graph (a) and the final graph
(b) for current commanded MIS.
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Considering the current /; as an initial value in A point,
and the voltage Ug as a the final value in B point, we
obtain:

U_

s =—

LRIK,(1-2p)+ K,(1-20)-exp j90° | (2)

where K; and K are the transfer factors between C and

D points respectively, between C and D (Fig 3, a),
determined by the following relations:

K, =(Gs+Gy)/Gs =1+ Ry /Rs (3)

Ky =(G7+Gy)/Gg =1+ Rg Ry “4)

Considering relations (1) and (2), the impedance
reproduced by the MIS can be determined:

Z; = —R[K (1 -2p)+ K, (1 - 26)- exp j90] 5)
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3. MODELING IN MULTISIM

3.1 The series resonant circuit

The veracity of the obtained results of MIS analysis by
means of the oriented graph method can be confirmed
by comparing the latter with those, obtained in
accordance with the classical theory and with those,
obtained in result of computer modeling of the circuit.
Theoretical study of impedance simulators is possible
only including it in the componence of series, or
parallel resonant circuits.

The structure of the series resonant circuit is
represented in Fig. 4. The resonant circuit feeds with
stable current I from the generator G and contains the
connected in series measured impedance Zy and
current — commanded impedance simulator MIS.

The voltage Uy are used as signal of state of the
circuit. In order to balance the resonant circuit, there
will be adjusted the reproduced by the MIS impedance
components.
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Figure 4: The series resonant circuit.

MIS

As a signal of imbalance it serves the voltage Uy, and,
in order to balance the series resonant circuit will be
adjusted the impedance components reproduced by the
MIS.
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Figure 5: Process of balancing of resonant circuit
a. — initial stage, b. — balance at the active component,
c¢. — balance at the reactive component.

In the process of balancing the series resonant circuit,
the phase of the imbalance signal is compared with
the phase of the reference signal produced by

convertor, whose phase coincides with the phase of
current through the resonant cicuit.
The balance process consists of two stages (Fig. 5): at
the first stage (Fig. 5.b) it is adjusted the impedance
active component until it is obtained a 180° dephasing
between the imbalance and the reference signals; at the
second stage (Fig. 5.c) it is adjusted the impedance
reactive component until it is obtained a nul value of
the imbalance signal [5].
While balancing the circuit the voltage Uy, consists:
Ude:UZm+UZr:IG(ZM+Zi):0 (6)
The measured impedance Z) and the reference
impedance Z; can be represented in Cartesian
coordinates:

Zy =Ry +JjXy @)

Z; =R; + jX; (®)

From relations (6), (7) and (8) it results:
IG[(Ry +jXu )+ (R + jX,)I=0 (9)
The equation solutions(9) are:

Ry =—R, X, =-X, (10)

3.2 MIS modeling in Multisim

In the process of modelling the series resonant circuit
in the Multisim program (Fig. 6) it was used as a
current generator the voltage generator V1 with a high
internal resistence R; = 10 MQ. The measured
impedance is modelled with the R,=1 kQ resistence
and the C;=5nF capacitance and is connected in series
with the V1 generator and the MIS.

The process of balancing consists of the same two
stages and it is represented in Fig.7. At B entrance of
the oscilloscope it is applied the reference signal from
the convertor exit (marked by ,,0”), and at A entrance
it is applied the imbalance signal (marked by ,,x”).
Initially it is modified the active component by
adjusting R;, and R;s potentiometers until it is
obtained a 180° dephasing between these signals (fig.
7, a), then at B entrance it is applied the signal from
V1 tension generator and it is modified the reactive
component by means of R, and R;g potentiometers
till the imbalance signal reaches the minimal value
(fig. 7, b).

The active component of the reproduced impedance
can be determined with the next relation:

R; = Ry(Ry ¢%/100% +1)[2(100% — a%)/100% —1]
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Figure 6: Series resonant circuit modelled in Multisim.
(537 (X]
= where a and ¢ — represent the variation percentage of
Ry and Ry5 potentiometers. These measurement will
have the values a= 76% and ¢=10% at the circuit
balance after the active component. According to
relation (11) it is obtained R;=-105,04 kQ.
The reactive component of the reproduced impedance
is determined with the next relation:
1] [
T1 Time Channel_A Channel_B
0.000 s -4.023 mV L61imy L J
T2 4 ms -La%m 6lim L= 0 0, o/ _ 10 o/ _
Ha = X; = R3(Ry2 d%/100% +1)2(100% — 6%)/100% 1]

Timebase Channel A Channel B Trigger

Scale | 500 us/Div Scale | 20 my/Div Scale | 10 mv/Div Edge [F *|AJE])ED L.

positon |0 Y positn [0 ¥ psiten [0 teve o v where b and d represent the variation percentage of Ry,

(ac)(o](ec) (o] - Tvpe and R potentiometers.

a These values will have the values b=58% and d=10%

1ol 50 B8 at the circuit complete balance.

T il According to previous relation it is obtained Xg= -
32,32 kQ. According to (8) the impedance reproduced
by the simulator will have the next value:

1
\\/ Z; =R + jX, =(-10504 - j3232)kQ  (11)
The impedance measured in accordance with C; and

&) (5] R, values represents :

e B w =

T2-T1 5.000ms -101.369 pV -29.876 pV Save Ext, Trigger — . — s

Timebase Channel A Channel B Trigger ZM R2 + ‘l/zdcl (1 00 ‘]3 1’847)kQ (12)

Scale | 500 us/Div Scale | 500 nv/Div Scale | 5 V/Div edge [F % |(a)(8)Ed

X position | 0 ¥ position | 0 ¥ position | 0 level | v . . .

e - EEIEID - Tee Gna] o)) o) where [ is the signal frequency. Relations (11) and

Figure 7: Series resonalt)nt circuit balance modelled
in Multisim a. Balance after the active component, b.

(12) entirely confirm the theoretical analysis.
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