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A voltage sensing arrangement is provided that facilitates accurately measuring a sensed voltage while also providing isolation to a
sensing path during a test mode of an associated indicator arrangement. The voltage sensing arrangement includes a voltage
sensor that Is arranged to sense the voltage on an associated power distribution line. A first arrangement is responsive to the
voltage sensor for providing an output representing the voltage on the associated power distribution line. The voltage sensing
arrangement Includes a second arrangement that is responsive to the voltage sensor for isolating the first arrangement from the
voltage sensor whenever voltage Is not present on the associated power distribution line. In a preferred embodiment, a third

arrangement Is provided that Is responsive to the presence of voltage on the associated power distribution line for isolating a test
path from the voltage sensor.
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ABSTRACT

A voltage sensing arrangement is provided that facilitates accurately measuring a sensed
voltage while also providing isolation to a sensing path during a test mode of an associated
Indicator arrangement. The voltage sensing arrangement includes a voltage sensor that is
arranged to sense the voltage on an associated power distribution line. A first arrangement is
responsive to the voltage sensor for providing an output representing the voltage on the
associated power distribution line. The voltage sensing arrangement includes a second
arrangement that 1s responsive to the voltage sensor for isolating the first arrangement from the
voltage sensor whenever voltage is not present on the associated power distribution line. In a
preferred embodiment, a third arrangement is provided that is responsive to the presence of

voltage on the associated power distribution line for isolating a test path from the voltage
Sensor.




10

15

20

25

CA 02303603 2000-03-31

SC-5309-C

VOLTAGE SENSING ARRANGEMENT

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates generally to voltage sensing arrangements and indicator
arrangements for switchgear and the like 1n the field of electrical power distribution, and more
particularly to an arrangement that facilitates accurately measuring a sensed voltage while also
providing isolation to a sensing path during a test mode of an associated indicator arrangement.

Description of the Rel A

Various prior art voltage sensors provide an output proportional to a sensed voltage.
For example, see: U.S. Patent Nos. 4,002,976 and 5,220,495. In systems for switchgear in
the power distribution field, voltage indicator arrangements are provided that respond to
sensed voltage signals. Some of these include arrangements for testing the integrity of the
voltage sensing system, for example, as shown in U.S. Patent Nos. 5,521,567 and 5,864,107
and in co-pending application Serial No. 2,227,933 filed January 26, 1998 in the names of G.
Mears et al.

While these prior art arrangements may be useful to provide various voltage sensing
and indicator arrangements, these arrangements do not generally provide the most accurate
sensing of voltage while also providing for the appropriate functioning of a voltage indicator.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s a principal object of the present invention to provide a voltage
sensing arrangement that facilitates accurately measuring a sensed voltage while also providing
1solation to a sensing path during a test mode of an associated indicator arrangement.

It 1s another object of the present invention to provide a voltage sensing arrangement
that disables a test signal path to a voltage sensor when voltage i1s present at an input to the
voltage sensor.
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These and other objects of the present invention are efficiently achieved by the
provision of a voltage sensing arrangement that facilitates accurately measuring a sensed
voltage while also providing isolation to a sensing path during a test mode of an associated
indicator arrangement. The voltage sensing arrangement includes a voltage sensor that is
arranged to sense the voltage on an associated power distnbution line. A first arrangement 1s
responsive to the voltage sensor for providing an output representing the voltage on the
associated power distribution line. The voltage sensing arrangement includes a second
arrangement that 1s responsive to the voltage sensor for isolating the first arrangement from the
voltage sensor whenever voltage is not present on the associated power distribution line. In a
preferred embodiment, a third arrangement is provided that is responsive to the presence of

voltage on the associated power distribution line for isolating a test path from the voltage
Sensor.

BRIEF DESCRIPTION OF THE DRAWING

The 1nvention, both as to its organization and method of operation, together with
further objects and advantages thereof, will best be understood by reference to the specification
taken 1n conjunction with the accompanying drawing FIG. 1 which is an electrical schematic
and block diagram representation of a voitage sensing arrangement of the present invention.

DETAILED DESCRIPTION

Referring now to FIG. I, the voltage sensing arrangement 10 of the present invention
utilizes a capacitive tap configuration 12 including sensing leads 14, 16 to sense the voltage on
a medium voltage power distribution line 18, e.g. one phase of a three-phase alternating
current electrical system. In a preferred arrangement, the voltage sensing arrangement 10 is
arranged to operate with a voltage indicator arrangement 20. The voltage indicator
arrangement 20 receives a voltage indicating signal at 22 and provides a sensing path test
signal at 24. The voltage indicating signal 22 is connected to the sensing lead 14 through a
coupling capacitor 26. The sensing path test signal 24 is connected to the sensing lead 16 via a
coupling capacitor 28.

The voltage indicating signal 22, the sensing path test signal 24, and the sensing leads
14, 16 form four sensing inputs to an amplifier stage 30. The inputs 14, 16, 22 and 24 are
connected to the amphifier stage 30 through respective selectively operable circuit paths 31, 34,
36 and 38, depicted as single-pole single-throw switches in FIG. 1 and utilized to provide an
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1solating function for desirable operation of the voltage indicator 20 when no voltage is present
on the line 18. In one specific embodiment, the switches 31-38 are provided by photo-mosfet
devices and controlled by two transistors 40, 42 connected across the supply lines. Thus,
unless the supply voltages are present, the switches 31-38 provide an open circuit, providing a
circuit path only when both supply voltages are present. Accordingly, when no voltage is
present at 18, the voltage indicator arrangement 20 functions via the sensing path test signal at
24 to provide an appropriate test voltage through the voltage sensor 12 so as to supply a
voltage indicating signal at 22 to test the operation of the voltage indicator arrangement 20 as
more fully explained in the aforementioned U.S. Patent Nos. 5,521,567 and 5,864,107 to
which reference may be made for a more detailed discussion. In this mode, when no voltage
1S present at 18, the voltage sensing arrangement 10 does not affect the operation of the voltage
Indicator arrangement 20,

The amplifier stage 30 via two amplifiers 43, 44 and a summing amplifier 53 provides

a sensed voltage output signal at 50 according to the relationship:

Vat 18 = (C26/C)(Vacross €26) + (C28/C)(Vacross C28);

where C26 1s the capacitance of the capacitor 26, C28 is the capacitance of the capacitor 28,
and C 1s the capacitance of the capacitive tap configuration 12, which may also be
charactenized as a bushing, approximately 50 picofarads in a specific embodiment. The output
signal at 50 1s then processed through a high-pass filter stage at 54 to remove any dc offset of
the signal and provide at 56 a signal to a scaling amplifier stage 58 providing a voltage sensed
signal at 60 that represents the voitage at 18.

In order to provide an accurate sensed signal at 60 when typical voltage levels are
present at 18, a control arrangement 70 is provided to open the circuit path of the sensing path
test signal 24 at 72, illustrated as a single-pole single-throw switch path in FIG. 1. In one
specific embodiment, the switch path at 72 is provided by a photo-mosfet device illustrated by
a diode 74 controlling the path 72. When the sensed voltage signal at 56 is present at a
predetermined level, the control arrangement 70 opens the path 72. For example, this feature
1S operative when the voltage at 18 to ground is above 2500 volts rms for a nominal 15kv
system.

In a specific embodiment, the control arrangement 70 includes a peak detection stage
76 responsive to the input at 56, a storage capacitor 78 supplied by the peak detection stage
76, which supplies one input to a comparator stage 80 having a second input connected to a
reterence level signal at 82. The output 84 of the comparator 80 is utilized to supply the
mosfet device at 74. Accordingly, the sensing test path 24 is open circuited at 72 whenever
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voltage is detected, ensuring accurate voltage sensing. Additionally, the voltage indicator
arrangement 20 continues to function appropriately since the voltage is present at 18 and the
sensing path signal at 24 is not needed.

In one specific embodiment, the voltage sensor 12 is implemented by a component that
exhibits the general temperature characteristics, i.e. capacitance versus temperature curve, of a
polyester capacitor but with a somewhat lower percentage of change. Thus, the capacitors 26
and 28 are implemented by polyester capacitors. In accordance with further aspects of the
present invention, an additional capacitor, 26a and 28a, is connected across each of the
capacitors 26 and 28 respectively. Specifically, the capacitors 26a and 28a are implemented
by polycarbonate capacitors to reduce the overall temperature change of the parallel
combination of 26, 26a and 28, 28a. For example, the paraliel combination approximates the
temperature variation of the voltage sensor 12. Thus, the parallel capacitor combinations 26,
26a and 28, 28a along with the voltage sensor 12 provide a stable capacitance over a wide
temperature range which ensures a constant sensed voltage signal at 60 for the voltage sensing
arrangement 10. In one specific implementation, the capacitors 26, 28 are 1.0 microfarad
polyester capacitors, and the capacitors 26a, 28a are .47 microfarad polycarbonate capacitors.

While there have been illustrated and described various embodiments of the present
invention, it will be apparent that various changes and modifications will occur to those skilled
in the art. Accordingly, it is intended in the appended claims to cover all such changes and
modifications that fall within the true spirit and scope of the present invention.
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The embodiments of the invention in which an exclusive property or privilege is claimed are

defined as follows:
1. A voltage sensing arrangement comprising:

a voltage sensor arranged to sense the voltage on an associated power

distribution line;

first means responsive to said voltage sensor for providing an output

representing the voltage on the associated power distribution line; and

second means responsive to said voltage sensor for isolating said first means
from said voltage sensor whenever voltage is not present on the associated power distribution

line.

2. The voltage sensing arrangement of claim 1 further comprising third means
responsive to the presence of voltage on the associated power distribution line for isolating a

test path from said voltage sensor.

3. The voltage sensing arrangement of claim 1 wherein said second means
comprises a voltage-responsive switch for selectively connecting said voltage sensor to said

first means.

4, The voltage sensing arrangement of claim 3 wherein said voltage-responsive
switch comprises voltage-responsive conductive means electrically connected in series with

light-emitting means.

5. The voltage sensing arrangement of claim 4 wherein said voltage-responsive
switch further comprises photo-controlled switch means associated with said light-emitting

mcearns.

6. The voltage sensing arrangement of claim 5 wherein said photo-controlled

switch means 1s electrically connected in series with said voltage sensor and said first means.

7. The voltage sensing arrangement of claim 2 wherein said third means
comprises comparator means responsive to said first means for comparing said output with a

predetermined reference voltage.
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8. The voltage sensing arrangement of claim 7 wherein said third means further
comprises switch means responsive to said comparator means for selectively controlling the

connection of said test path and said voltage sensor.

9. The voltage sensing arrangement of claim 8 wherein said comparator controls
said switch means to connect said test path and said voltage sensor when said output exceeds

said predetermined reference voltage.

10.  The voltage sensing arrangement of claim 1 wherein said voltage sensor
presents an equivalent capacitance and said first means includes sensing capacitor means
connected to said voltage sensor, said sensing capacitor means including temperature
compensation means for compensating for the variations in said equivalent capacitance

versus temperature.

11.  The voltage sensing arrangement of claim 10 wherein said temperature
compensation means includes the parallel combination of two capacitors having different

temperature characteristics.

12.  The voltage sensing arrangement of claim 11 wherein said two capacitors

include a polyester capacitor and a polycarbonate capacitor.
13. A voltage sensing arrangement comprising:

a voltage sensor arranged to sense the voltage on an associated power

distribution line;

first means responsive to said voltage sensor for providing an output

representing the voltage on the associated power distribution line; and

second means responsive to the presence of voltage on the associated power

distribution line for 1solating a test path trom said voltage sensor.

14.  The voltage sensing arrangement of claim 13 further comprising third means
responsive to said voltage sensor tor 1solating said first means trom said voltage sensor

whenever voltage 1s not present on the associated power distribution line.
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