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1. 0. KOCTIOKOB

KBAI[PATYPHI_/.IIZ ®A300BEPTAY U151 BUMIPIOBAJIBHUX CUCTEM KOHTPOJIIO SIKOCTI
EJIEKTPUYHOI 130JIS1111

B crarTi HaBeJeHO MPHUKJIAAN CXEMOTEXHIUHOI peanizauii GasoobepTadiB 4yt oTpuMaHHs (Ga3oBoro 3cyBy Ha 90° Ta BUKOPUCTAHHS y BHUMipIOBaIbHUX
cHcTeMax KOHTPOJIIIO Ta JiarHOCTHKU TEXHIYHOTO CTaHy eIeKTPHYHOI i3ousamii. Po3po6iieHi B cTaTTi CXeMOTEXHIYHI pillleHHs] 3aCHOBAaHi Ha BUKOPHC-
TaHHI aHAJIOrOBOT'O MOMHO)KyBaya CUTHANIB peaiti3oBaHoro y Mikpocxemi AD633. HeoOxinHe 3HaueHHs (ha30BOro 3CYyBY 3a0€3I€Uy€EThCS ULIXOM J10-
JIaBaHHS MOIEPEHBO 3CYHYTOr0 Ha MEBHHUM KyT BXiJHOTO TapMOHIYHOTO CHTHAIY JI0 CUTHAILY, IO Ma€ 3MEHIICHY aMIUTITy/y Ta HPOTHJICKHY (a3y.
BupiBHIOBaHHS aMILTITY/ CHTHAJIB Ha BXO/1 Ta Ha BUX0/i (ha3000epTaua 3a0e31edyeThes 3a paXyHOK AETEKTyBaHHS 1X cepeHIX BUIPSMICHIX 3HAUCHb
13 MOJAJIBIINM BU3HAUCHHSIM JOOYTKY iX BiJHOIICHHS Ha MONEPEAHbO OTPUMAaHUI 3CyHyTHI Ha 90° CHrHAT i3 3MEHIICHOKO aMILTITYI0K0.

KuiouoBi ciioBa: $a3oBuii 3cyB, aHATIOTOBI €IEKTPUYHI JIAHIIOTH, KOHTPOJIb 130JIALIi1, rTApMOHIYHHUIA CUTHAIT.

. KOSTIUKOV

QUADRATURE PHASE SHIFTER FOR THE MEASUREMENT SYSTEMS OF TESTING
OF ELECTRICAL INSULATION

Quadrature phase shifters are widely used in practice of development of measurement systems intended for the measurements of dielectric dissipation
factor and electrical capacitance. This article presents the examples of implementation of phase shifters intended to obtain the value of phase shift equal
to 90° for the applying in measurement systems of monitoring and diagnosing the technical condition of electrical insulation. The developed solutions
are based on applying of the analog signal multiplier implemented in the AD633 integrated circuit. The required value of phase shift is provided by
adding a pre-shifted at a certain angle input harmonic signal to a signal with the reduced amplitude and the opposite initial phase. The article is also
focused on the development of schematic solutions which can be used in order to remove the undesirable for many practical applications discrepancy
between the amplitudes of the input and the output signals. This alignment of amplitudes is provided by the detection of their average rectified values
with subsequent multiplication of their ratio by the shifted at 90° signal with the reduced amplitude. The designed schematic solutions imply the applying
of analog circuits which contain the input phase shifter, low pass filter, voltage summing amplifier, two detectors of average rectified values, three
analog multipliers and one voltage divider.
Keywords: phase shift, analog circuits, insulation testing, harmonic signal.

Introduction. The values of electrical capacitance, as
well as the dielectric dissipation factor are widely used for
the purposes of diagnostics and testing the quality of elec-
trical insulation [1, 2]. Pretty often their measurements are
carried out by using the same equipment and the same tech-
niques which have been developed in common practice of
impedance measurements. In this case measurements can
be made by using a broad variety of various methods and
various schematic solutions. The quadrature phase shifting
circuits is a pretty spread constituent part in many meas-
urement systems intended for impedance measurements.
Typical example is the described in [3] measurement sys-
tem intended for the measurements of electrical capaci-
tance and dielectric dissipation factor.

Due to the wide use of the quadrature phase shifting
circuits in measurement systems intended for impedance
measurements the problem of their development based on
the applying of various integrated circuits becomes pretty
actual. This paper presents the design of two quadrature
phase shifting circuits implemented based on the analog
multiplier AD633. The first circuit allows to attain the 90°
shifted signal with the reduced amplitude with respect to
the input sine signal. The level of this mitigation depends
on frequency of the input signal. Since the dependent on
frequency mitigation of amplitude can be objectionable for
some measurement systems this paper also presents the ap-
proach for the alignment of amplitudes of the input and the
output signals. This alignment of amplitudes is attained by
using the detected average rectified values of the input and
output signals.

The objective of this paper is the design of electrical
circuits intended to generate the orthogonal harmonic sig-
nals for applying in measurement systems for the assess-
ment of quality of electrical insulation.

Quadrature phase shifter with amplitude loss. The
designed electrical circuit which allows to attain the 90°
phase shift is based on the applying of the following trigo-
nometric equality:

Asin(ot — @) = Asin(wt) cos (@) — Acos(wt )sin(o), 1)

where A, o and ¢ respectively denote the amplitude, the
angular frequency and the initial phase of the input har-
monic oscillation. Taking into account the trigonometric
equality (1) it can be concluded that the necessary value of
phase shift can be ensured by shifting the input signal to
some angle ¢ with further subtraction of the proportional
to the multiplier cos(¢p) sine wave from this previously
shifted signal. The oscillation on the output of the phase
shifting circuit will be determined by the remaining alter-
nating term: —Acos(ot). The same very principle of adding
the preliminary shifted signal to the proportional to the
multiplier cos(¢) harmonic oscillation has been imple-
mented in 90° phase shifting circuit, described in the patent
[4]. For out particular case the harmonic oscillation on the
output of the phase shifting circuit will lag the input har-
monic oscillation. The block diagram of the presented ap-
proach for phase shifting is given in the Fig. 1.
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Fig. 1. Block diagram of the analog phase shifting circuit with
the loss of amplitude

The phase shifter is used in order to provide the initial
phase shift ¢ with respect to the input signal in order to
build the quadrature phase shifting circuit according to the
trigonometric equality (1) and the presented principle of
phase shifting.

The analog multiplier with the low pass filter are used
in order to obtain the value of voltage equal to cos(¢). This
value of voltage is used in the second multiplier in order to
obtain the waveform of voltage: Acos(¢)sin(wt). The sub-
traction of this signal from the previously shifted input har-
monic oscillation allows to obtain the remaining alternat-
ing term: —Acos(wt), which lags 90° the input sine signal.

The designed phase shifting circuit is presented in Fig.
2. This particular configuration is intended for the input
signals with the amplitude equal to 1 volt. The initial phase
shifter is built by using the operational amplifier AD711.
For the selected configuration of phase shifter the value of
phase difference between its input and output signals can
be calculated according to the well known from the theory
of phase philtres relation:

¢ =—2arctan(RCw), ?)

where R denotes the resistance of the connected to the non-
inverting input of the amplifier resistor. The affect of the
input resistance of this phase shifter on the source of the
input voltage can be mitigated by the inclusion of supple-
mentary unity-gain amplifier between the source of the in-
put voltage and the input of phase shifter. The analog mul-
tiplier is built on specialized integrated circuit AD633. The

output voltage of this multiplier is determined according to
the following expression {5]:

(le_sz)Uyl_UyZ)_((R1+RZ)j+s
10 R

where Uy, Uy, Uy1, Uy2 denote the values of the input volt-
age for the pins X1, X2, y1, Y2, R1 and R, denote the resistors
used in order to adjust the value of the output voltage and
S denotes the value of the optional voltage added to the
summing pin Z. For the selected configuration of the mul-
tiplier its pins Xz, y2 and Z are grounded and the resistors R;
and R; allow to attain the total gain of the multiplier equal
to 20. This value of gain is necessary in order to offset the
default division of the output signal by 10 and to obtain the
output voltage of the low pass filter equal to cos(¢). After
the multiplication of two sine signals with the amplitudes
A1, Az and some value of phase shift ¢ the value of voltage
on the output voltage of the low pass filter is equal to:
0.5A1A2c0s(¢). Therefore, the selected gain of the AD633
integrated circuit also allows us to remove the affect of the
multiplier 0.5A:A; on the output voltage of the low-pass
filter. Since the value of amplitude of the input signal is
equal to 1 volt, the selected values of R; and R; allow to
obtain the value of voltage on the output of the low pass
filter equal to cos(¢p). The necessity of compensation of the
multipliers: 0.5A1A2 and 0.1, which appear after the multi-
plication of the input and the preliminary shifted signals by
using the first analog multiplier AD633 (designated as U,
in Fig. 2), imposes the restriction for the designed phase
shifter. For the presented in Fig. 2 electrical circuit the se-
lected values of R; and R; allow to offset the multipliers:
0.5A:A; and 0.1 only for the case when the amplitude of the
input harmonic oscillation is equal to 1 volt. For the case
of the input signal with the other amplitude these multipli-
ers will not be compensated and therefore the values of Ry
and R, should be adjusted in order to attain the gain which
will guarantee that the value of voltage on the output of the
low pass filter is equal to cos(¢). It should be noted that
for the AD633 integrated circuit this adjustment should be
made taking into account the admissible range of values of
the resistors R1 and Rz and also the imposed constraint for
practical applications of the ratio: (R1 + R2)/R2, which is
limited to 100 [5].
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Fig. 2. Scheme for 90° phase shifting with the discrepancy between the amplitudes of the input and output signals

The analog multiplier U is followed by the inverting
low pass filter built on operational amplifier AD711. The
low pass filter allows to suppress the alternating

component of voltage on the output of the analog multi-
plier. For the selected values of Ry and R, and the amplitude
of the input sine voltage equal to 1 volt the absolute value
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of voltage on the output of the low pass filter will be equal
to cos(¢). This voltage is multiplied by the input signal by
using the second analog multiplier (designated as U4 in Fig.
2). For this multiplier the selected values of resistors Rs and
Re allow to obtain the total gain equal to 10. This gain is
necessary in order to offset the default division of the out-
put signal by 10. The sum of the output voltage of the mul-
tiplier U, and the preliminary shifted by using the inverting
voltage summing amplifier allows to obtain the output sig-
nal with the value of phase shift 90° with respect to the in-
put harmonic signal.

Quadtature phase shifter without the loss of ampli-
tude. The disadvantage of the presented in Fig. 1 principle
of phase shifting is the decreasing of amplitude of the out-
put voltage. Since according to the trigonometric equality
(1) the amplitude of the output voltage depends on the mul-
tiplier: -sin(¢) this decreasing of amplitude also will be de-
pendent on frequency of the input signal. Mentioned fre-
quency dependence is caused by the determined according
to the relation (2) affect of frequency of the input voltage
on the value of phase shift between the input harmonic sig-
nal and sine signal on the output of the input phase shifter.
Since this mitigation of the output signal should be taken
into account during the design of measurement systems it
can be objectionable for some schematic solutions.

The block-diagram of the improved circuit, which al-
lows to avoid the described mitigation of amplitude, is pre-
sented in Fig. 3.
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Fig. 3. Block diagram of the analog phase shifting circuit
without amplitude loss

In comparison with the presented in Fig. 1 approach for
phase shifting, the presented in Fig. 3 block diagram of the
analog phase shifting circuit is complemented by two rec-
tifiers, followed by the low pass filters, analog voltage di-
vider and analog voltage multiplier. In order to emphasise
that these elements are complementary with respect to the
presented in Fig. 1 approach for phase shifting the diagram

in Fig. 3 is presented with two outputs. The output which
directly follows the voltage summing amplifier allows to
obtain the quadrature signal according to the presented in
Fig. 1 principle of phase shifting. The amplitude of the cor-
responding output signal will be lower than the amplitude
of the input signal. The second output, which directly fol-
lows the analog voltage multiplier, allows to obtain the
quadrature signal with its amplitude equal to the amplitude
of the input signal. This alignment of amplitudes is attained
by using two additional voltage rectifiers, two low pass fil-
ters and the analog voltage divider and multiplier. Accord-
ing to the trigonometric equality (1), after the removal of
term Asin(wt)cos(p) by using the voltage summing ampli-
fier, the decline of amplitude of the remaining term with
90° phase shift with respect to the input signal will be de-
termined by the multiplier: sin(¢). Since the decline of the
amplitude of the output signal is affected by the multiplier
sin(¢) the same very multiplier will determine the ratio of
the r.m.s value of the input voltage to the r.m.s value of the
output voltage, as well as the ratio of their average rectified
values. This affect has been used in order to align the am-
plitudes of the input and output signals. The developed ap-
proach implies the detection of the average rectified values
of the input signal and signal on the output of the voltage
summing amplifier with further evaluation of their ratio.
This ratio is equal to 1/sin(¢). The multiplication of this
ratio by the signal on the output of the voltage summing
amplifier allows to remove the described mitigation of am-
plitude and to align the amplitudes of the input and the out-
put signal. The complementary part of the circuit, which
allows to remove the decline of the amplitude of the output
signal is presented in Fig. 4. For the presented in Fig. 4
complementary part of the phase shifting circuit the volt-
age rectifiers are built on operational amplifiers AD711
and followed by the RC circuits which are used as the low
pass filters with time constant equal to 0.235 s. The analog
voltage divider is built on analog multiplier AD633 and op-
erational amplifier AD711. The input no.1 of the presented
in Fig. 4 electrical circuit is intended for the signal from the
output of the voltage summing amplifier of the presented
in Fig. 2 circuit. The input no.2 is intended for the overall
input signal of the circuit generated by the external AC gen-
erator of testing voltage. Taking into account the default
multiplication of the result of voltage division by 10 the
absolute value of voltage on the output of this voltage di-
vider is equal to 10/sin(¢p) volt. The multiplication of this
voltage by the signal from the output of voltage summing
amplifier (input no.1) yields the quadrature signal with the
amplitude equal to the amplitude of the input signal. The
default division by 10 of the AD633 analog multiplier al-
lows to offset the increased value of voltage on pin no. 1
due to the multiplied by 10 value of voltage on the output
of voltage divider.
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Fig. 4. Complementary part of the phase shifting circuit with the aligned amplitudes of the input and output signals

Conclusions. The designed electrical circuits are in-
tended for the generation of harmonic quadrature signals.
The implemented approach for their development implies
adding of the preliminary shifted harmonic signal to the
signal with the same initial phase as the input signal of the
phase shifting circuit. The schematic implementation of
this approach leads to the decline of amplitude of the output
signal. The alignment of amplitudes of the input and output
signals can be attained by using supplementary detectors of
the average rectified values of the input and output signals,
voltage divider and voltage multiplier.
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