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Abstract: A Wheatstone’s bridge network like Schering Bridge, DeSauty Bridge etc measures the loss
angle or tangent of loss angle (tano) of a dielectric material. In high voltage application this loss angle
is generally measured by high voltage Schering Bridge. But continuous measurement of tan o is not
possible by these techniques. In the present paper a modified operational amplifiers based Schering
Bridge network has been proposed for continuous measurement of fand in the form of a bridge
network output voltage. Mathematical analysis of the proposed bridge network has been discussed in
the paper and experimental work has been performed assuming the lossy dielectric material as a series
combination of loss less capacitor and a resistor. Experimental results are reported in the paper. From
the mathematical analysis and experimental results it is found that the output of the proposed bridge
network is almost linearly related with tand. Copyright © 2008 IFSA.

Keywords: Schering bridge, OP-AMP, Loss angle measurement, Dielectric material

1. Introduction

The loss angle of a dielectric material is a very important parameter which is required to be known
accurately in dielectric material application [1, 2, 3] such as low voltage and high voltage condensers,
insulating material in high voltage equipments like cable, transformer, motor, generator etc. as well as
in many other aspects of instrumentation such as low voltage capacitor design, low voltage capacitive
transducer design used for the measurement of different process variables like level, flow, pressure etc.
In transducer application, the change of capacitance of a capacitive transducer due to change of the
process variables is generally very small and may sometimes be comparable with the stray capacitance
between transducer probe and ground. In low voltage application the conventional capacitance bridge
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circuits [1, 2, 3] like Schering bridge, DeSauty Bridge etc. can measure both dielectric loss and
dielectric constant of a material accurately. But in high voltage application the Schering Bridge
combined with Wagner earth mechanism [1] can be taken as one of the accurate bridge networks for
the measurement of loss angle and dielectric constants of a material. The effect of stray capacitance
between output nodal points and between any nodal point and ground becomes predominant in high
voltage application and so the measurement of dielectric parameters by using bridge technique may
suffer from errors. In the Schering bridge technique, these errors are minimized by using Wagner earth
mechanism [13]. In this mechanism a repeated number of bridge balances are made in both Wagner
earth and bridge position of a selector switch. Thus this technique brings the output nodal points of a
bridge network almost at the same ground potential. As a result the measurement error due to stray
capacitance between the output nodal points is minimized. But the repeated balancing method in each
step of measurement may be troublesome during actual experimental work and continuous
measurement is not possible.

There are different other techniques proposed by various investigators to minimize the error due to the
effect of stray capacitances. Morioli D. et.al. [4] and Holmberg P. [5] have proposed self balancing
techniques to achieve high accuracy in measurement. Yang W.Q. et al. [6] have suggested an electrical
capacitance tomography (ECT) technique for the measurement of change of capacitance of a multi
electrode capacitive transducer. Zhi-Niu Xu et al [7] have suggested Hanning windowing interpolation
algorithm based on FFT to reduce the error of dielectric loss angle measurement. Ahmed M. [8]
presented a very simple electronic circuit for direct measurement of loss angle of a leaky capacitor in
terms of pulse count. A self balancing type capacitance to DC converter has been proposed by
Hagiwara N. et. al [9] for measurement of capacitance in low voltage applications. Bera S.C. et al. [10]
have designed an operational amplifier (OP-AMP) based modified Schering bridge for the
measurement of dielectric parameters of a material and the capacitance of a capacitive transducer. But
this bridge has been used for low voltage measurement whereas the same bridge has been modified by
Chattopadhyay S. et al [11] to measure the loss angle of a high voltage transformer. But in this
network the bridge output is non-linearly related with tangent of loss angle (fand). An AC bridge
measurement technique has been proposed by Xiaoming Zha et.al. [12] for precision measurement of
loss angle.

In the present work, modified Schering Bridge proposed by Bera S.C. et al [10, 11] has been further
modified to obtain a linear relationship between bridge output and tand in high voltage measurement
and the effect of stray capacitance is minimized as stated in [10] and [11]. The theoretical analysis of
the proposed network has been described in the present paper which shows that bridge output voltage
is linearly related with fand of a dielectric material. The performance of the network has been
experimentally tested at 230V AC, 50Hz using a series combination of a standard capacitance and a
resistance. Here the lossy dielectric material is assumed as a series combination of the loss less
capacitor and a resistor. The experimental results reported in the paper shows that the output of the
bridge network varies linearly with the equivalent value of tand of a dielectric material.

2. Analysis
The conventional Schering bridge network designed by M/s H.Tinsley & Co. [13] is shown in Fig. 1. It
i1s modified with an operational amplifier based network as shown in Fig. 2. In Fig. 2, A; and A, are

the two high gain OP-AMPs with their non inverting terminals connected to the circuit common which
is again connected to the rigid ground point.
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Servo Voltage Stabilizer
I

Step-Up Transformer

et
ix Cs = Cs

Fig. 1. Conventional Schering bridge network with Wagner-earth arrangement designed by M/s Tinsley & Co.

Servo
Voltage
Stahilizer

Step-Up
Transformer

Fig. 2. Modified Schering Bridge network.
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Hence the output nodal points B & D of the bridge network are both virtually at the same potential
with respect to the ground. Hence the effect of the stray capacitance between the output lead wires and
ground may be assumed to be negligibly small. If the bridge arm impedances in the arms BC, CD, AB,
and AD, be Z,,7Z,,7Z; and Z, respectively then the currents /,,[>,/; and I, through these bridge
impedances are given by

1122, ]222, ]3:L and ]4:£, (1)
Zi Z2 Z3 Z4

where V is the sinusoidal AC supply voltage and V; is output voltage of the amplifier A;. If Vy; be the
output voltage of the operational Amplifier A,, the current through feed back resistance R is given by

Voi

Ir=— 2
From Kirchhoff's current law,
I3+11:0 and I4+I2+If:O (3)
Hence from the equations (1), (2) and (3) we get
vo=rev| 2. L (4)
2273 Z4
Now for the network shown in Fig. 2,
+ jwCx
zi—— R g R g gweaz— L G IEOR - L
1+ jwCiRi 1+ jwC2R2 JwCs JwCx JwCq
+ jwCx
where Z30-= and AZ _ I WG
JwCs JwCx

Now the values of R;,R,,C;,C,,C; and Cy are so selected that in absence of the sample (i.e. AZ=0), the
bridge is balanced. i.e. Z;Z, = Z,Z3p which is possible when R;C; = R,C; and C,C; = C;Cy, In the
present work C; = C,, C3= C; and R; = R, are assumed. Now when the test sample (assumed to be the
series combination of resistance R, and capacitance C,) is inserted as shown in Fig. 2 the bridge output
voltage is given by

(6)

Vor=RiV Zi I _ RV ZiZ4-22230-220Z ) RVAZ
7273 Z4 2274(Z30+ A7) Z4(Z30+ AZ)

Now tangent of the loss angle of the material is given by tand = wCR, and the impedance of the
sample connected in series with C; is given by

AZ:(I+ja)CxRx):(I+jtan5)
ja)Cx ]a)Cx

(7)

Hence from equation (6) & (7), Vy; is given by
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RV joCi(ltjtand) jwCs

Vor= : (8)
jo (Cs+Cy)-w Cstand

Since C; is selected to be very small and tand is also very small so (wCj; tand) may be assumed to be
negligible. Hence the above equation (8) is reduced to

RV joCs(l+j tand) jo Cs
jO)(C3+Cx)

Vor=

RV joCs(l1+ j tand)

and so, Voi=-
: 1+Cy/Cs ©)

If we assume C,/C; <<1 then the above equation is reduced to
Vor=-Rr jo C4V(1+ j tand ) (10)

Now this signal is subtracted from the output Vy, of the amplifier circuit consisting of OPAMP Aj in
the differential amplifier circuit consisting of OP-AMP A4 as shown in Fig. 2. The output V), of the
amplifier circuit consisting of OP-AMP Aj is given by

Vo =- Ry "joo C4"V (11)

If R, “and C,"are selected to be exactly equal to Ryand C, respectively then Vy; is given by
V()2 = - Rij!)C;; V (12)

Thus the final output V) of the differential amplifier circuit is given by
Vo="Vor- Vo2
or, Vo = - Rijo C,V(1+ j tand) + Rrjo C4V
or, Vo = Rf Vo Cy tand

or, Vo =K tano , (13)
where K = RV wCy. Thus V) is linearly related with tand. This output voltage may be further amplified,
rectified and filtered to drive a DC analog or digital voltmeter calibrated in terms of tand. Thus the
tedious bridge balance method of finding tand may be avoided. Moreover from the analysis of the
conventional Schering bridge network [1] as shown in Fig. 1, it is observed that the unbalanced bridge
output voltage depends non-linearly on fand when it is large but becomes almost independent on tand

when it is small. So continuous measurement of tand may not be possible by this conventional
network.

3. Experiment

Experiment was performed by using the proposed modified Schering bridge network with a stabilized
sinusoidal excitation signal and a high voltage transformer as shown in Fig. 2 using the laboratory
standard equipments. The proposed modified Schering bridge circuit was fabricated by assuming

108



Sensors & Transducers Journal, Vol. 96, Issue 9, September 2008, pp. 104-111

Ci1=C2=0.1 pF, 3KV and C3=C+= 0.001 pF, 3KV and R/=R>=1 MQ so that in the absence of the test
capacitor, the bridge network was at initial balanced condition and the current passing through the ICs
was very small within the safety limiting value. The bridge supply voltage was selected to be 230 V,
50Hz. Now a capacitor with a defective dielectric material may be assumed to be equivalent to a series
combination of a pure resistance Rxand a pure capacitance Cxas shown in Fig. 2. So in order to test the
performance of the proposed bridge network a series combination of variable decade resistance Rx and
a continuously variable capacitance Cx was used instead of actual test sample.

The performance of the proposed bridge network was tested and reported in this paper. In Fig. 2 the
bridge parameters were so selected that in absence of Rx and Cx the bridge output was attempted to
maintain at zero value but due to the deviation from exactly identical values of the bridge components
a minimum bridge output voltage was observed. Keeping Rx fixed at a low value, the value of Cx
(Cx<<(3) was varied in steps and the bridge network output AC voltage (V/0) was measured in each
step by the 3'5 digit DMM and the corresponding value of fand was calculated. Now a characteristic
graph was drawn by plotting Vo against tand. The experiment was repeated for different values of Rx.
The characteristic graphs thus obtained are shown in Fig. 3(a), 3(b), 3(c) and 3(d) respectively. The

corresponding percentage deviation from linearity is shown in Fig. 4(a), 4(b), 4(c) and 4(d)
respectively.

Charactenstic Graph of Modified Schering Bridge Charactenstic Graph of Modified Schenng Bridge for
for Rx =0.1 Ohm 147 Rx=0.2 Ohm
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Fig. 3. Characteristic graphs of modified Schering Bridge network.
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Fig. 4. Percentage deviation curve of modified Schering Bridge network.

4. Discussion

From Fig. 3 it is found that the experimental characteristic graph of the modified bridge network
appears to follow a linear characteristic as explained in equation (13) and the percentage deviation
curves shown in Fig. 4 reveal that the percentage deviation from linearity of the bridge output
characteristic lies within tolerable limit. The major advantage of this technique is that the measurement
of tano does not require any tedious bridge balance method. The conventional Schering bridge network
requires intermittent Wagner Earth balance for compensating stray field effect in high voltage
measurement between any two consecutive readings. But the proposed network has two bridge output
nodal points at the same virtual ground potential. So the measurement error due to the effect of stray
capacitance appears to be minimum. Thus continuous accurate measurement of fand may be possible
by the proposed network.

During high voltage measurement, proper care should be taken in shielding each bridge component
and rigidly connecting each shield to ground to avoid any fatal effect to ICs, output indicator as well as
the operator. The values of Ci, C2, C3 and C# and other bridge capacitors as shown in Fig. 2 are
selected to have very small value so that the current passing through the OP-AMPs may remain within
the safety limiting value. The initial bridge balance must be ensured by using pre-selected identical
bridge parameters and no variable bridge component must be present in order to avoid any fatal effect
by the incidental high unbalanced voltage. Moreover the sample capacitor Cx must be so selected that it
is much less than Cs as stated earlier so that under unbalanced condition of the bridge network due to
the presence of the healthy sample, the current passing through IC A1 still remains within safety
limiting value.
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The proposed method has a limitation regarding the limit of high voltage supply applied to the
dielectric sample since the voltage across the dielectric sample becomes less than the supply voltage
due to the use of the capacitor C; as well as the current limitation of the OP-AMPs. But C; has been
selected to be much greater than C, in the proposed network and hence the voltage applied across the
test capacitor C, is nearly equal to the supply voltage. Hence the dielectric material can be tested with
high voltage if the current passing through the capacitors C; and Cy lie within the safety limiting
current of the OP-AMPs. So very low value vacuum capacitors with high voltage rating may increase
the limiting value of high voltage supply of the bridge network. However at low voltage supply higher
value capacitors may be used for the bridge network.
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