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(57) Abréegée/Abstract:
Optical sensor structure senses the presence of liquid in a sealed conservator tank. The sensor structure includes a sensor head
having a body w

second ends, ar

therein. Th
source, afi

benNeentk

C an a d a http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C

e Senl

ith first and second opposing ends, a plurality of perforations through the body and spaced between the first and

d a mirror disposed at the second end. The perforations are constructed and arranged to recelve and hold fluid
sor head Is constructed and arranged to rest on a surface of a bladder. The sensor structure includes a light

rst fiber optic cable between the light source and the first end of the body, a light detector, and a second fiber optic cable
e light detector and the first end of the body. The amount of light recelved by the light detector Is reduced when liquid,
Instead of air, Is In at least some of the perforations In the body.
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FIG. 2

(57) Abstract: Optical sensor structure senses the presence of liquid m a sealed conservator tank. The sensor structure includes a
sensor head having a body with first and second opposing ends, a plurality of perforations through the body and spaced between the
first and second ends, and a mirror disposed at the second end. The perforations are constructed and arranged to receive and hold
& fluid therem. The sensor head 1s constructed and arranged to rest on a surface of a bladder. The sensor structure mcludes a light
source, a first fiber optic cable between the light source and the first end of the body, a light detector, and a second fiber optic cable
between the light detector and the first end of the body. The amount of light received by the light detector 1s reduced when liquid, in -
stead of air, 1s 1n at least some of the perforations mn the body.
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OPTICS SENSOR STRUCTURE FOR DETECTING WATER OR OIL LEAKAGE
INSIDE A CONSERVATOR HAVING A BLADDER OR MEMBRANE

10001] FIELD

[0002] The Invention relates to transformers and, more particularly, to transformer
having a conservator oil preservation system (COPS) having a bladder or a
membrane, with a sensor being provided on the bladder to detect moisture on
top of the bladder and/or failure of the bladder.

[0003] BACKGROUND

[0004] In the oil preservation type system, a synthetic rubber bladder, is stretched over
the surface of the oil in a conservator tank to completely isolate the insulating oil
from outside air. The bladder shape varies according to expansion and
contraction of the oil, maintaining pressure Iin the bladder at atmospheric
pressure. Since the bladder completely isolates the oil from the atmosphere,
absent a failure of the bladder, there is no possibility for oxygen or moisture
penetrating the oil. Accumulation of water in a conservator tank can contaminate
the oil or can even cause confusion with respect to the oil level indication if one

believes the bladder is operating properly.

[0005] Since the conservator tanks are sealed, it is difficult to access the inside of the
tank to ensure that the bladder is functioning properly to isolate the oil from the
air. Thus, there is a need to provide a sensor associated with the bladder to
detect the presence of any moisture or oil on top of the bladder inside of the

conservator tank.

[0006] SUMMARY

[0007] An object of the invention is to fulfill the need referred to above. In accordance
with the principles of the present invention, this objective is achieved by providing
optical sensor structure for sensing the presence of liquid in a sealed conservator



[0008]

[0009]

CA 02841352 2014-01-09

WO 2013/009507 PCT/US2012/045183

tank. The tank includes a bladder isolating oil from air. The bladder has a first
surface exposed to the air and an opposing second surface exposed to the oill.
The sensor structure includes a sensor head having a body with first and second
opposing ends, a plurality of perforations through the body and spaced between
the first and second ends, and a mirror disposed at the second end. The
perforations are constructed and arranged to receive and hold fluid therein. The
sensor head is constructed and arranged to rest on the first surface of the
bladder. The sensor structure includes a light source, a first fiber optic cable
between the light source and the first end of the body, a light detector, and a
second fiber optic cable between the light detector and the first end of the body.
Wherein, when the light source provides light through the first fiber optic cable
and to the perforated body, the light reflects off the mirror and is received by the
second fiber optic cable and by the light detector. The amount of light received
by the light detector is reduced when liquid, instead of air, is in at least some of
the perforations in the body.

In accordance with yet another aspect of the invention, a method detects the
presence of liquid on an air side of a bladder disposed In a conservator tank for a
transformer oil preservation type system. The bladder isolates oil from air and
has a first surface exposed to the air and an opposing, second surface exposed
to the oil. The method places an optical sensor head on the first surface of the
bladder. A source of light is provided to the sensor head. A normal condition Is
determined when no liquid Is Iin contact with the sensor head by detecting a
certain amount of light exiting the sensor head. A malfunction condition is
determined when liquid is in contact with the sensor head by detecting an
amount of light, less than the certain amount of light, exiting the sensor head.

Other objects, features and characteristics of the present invention, as well as
the methods of operation and the functions of the related elements of the
structure, the combination of parts and economics of manufacture will become
more apparent upon consideration of the following detailed description and
appended claims with reference to the accompanying drawings, all of which form
a part of this specification.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood from the following detailed description of
the preferred embodiments thereof, taken in conjunction with the accompanying

drawings wherein like numbers indicate like parts, in which:
FIG. 1 is a schematic view of a conservator tank fluidly coupled with a
transformer tank, with optical sensor structure provided on a bladder in the

conservator tank, in accordance with the present invention.

FIG. 2 is an enlarged view of the sensor structure of FIG. 1.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

With reference to FIG. 1, transformer oil preservation type system includes a
transformer tank 10 that is filled with insulating oil 14 to insulate components
therein, such as a tap changer (not shown). A conservator tank structure,
generally indicated at 15, includes a conservator tank 16 fluidly connected via
piping 18 with the transformer tank 10. A Buchholz relay 20 is provided in piping
18 in the conventional manner. An air-filled bladder 22 is stretched over the
surface of the oill 14 In the conservator tank 16 to completely isolate the
insulating oil from outside, dry air 24 air. Thus, the bladder 20 has a first surface
26 exposed to the dry air 24 and an opposing second surface 28 contacting or
resting on the oil 14. As used herein, “bladder” can be an air cell, membrane,
rubber bag, or any other structure that can contain air and vary in shape. In the
conventional manner, the bladder 20 shape varies according to expansion and
contraction of the oil 14, maintaining pressure in the bladder 20 at atmospheric
pressure.

In accordance with the embodiment, in order to detect the presence of water
and/or oil that has leaked past the bladder 20 due to a malfunction, tear-off,
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rupture, infiltration, etc., optical sensor structure, generally indicated at 30, Is
provided on the first or upper surface 26 of the bladder.

As best shown in FIG. 2, the sensor structure 30 detects light reflected from a
sensor head 32, when there iIs no moisture or insulating oil which would block the
free path of light rays. The sensor structure 30 includes a simple light emitting
diode (LED) 34 as a light source that is preferably located outside of the tank 16
at the transformer control cabinet (not shown). The LED 34 emits light which
travels through fiber optics, generally indicated at 34, inside of the sealed
conservator tank 16 and connected to a first end 35 of the sensor head 32. The
fiber optics 34 is preferably an input fiber optic cable 34° made of glass or plastic.
The light-weight, sensor head 32 includes a preferably plastic body 33 having
first and second opposing ends, 35, 36. A plurality of perforations 37 are
provided through the body 33 and are spaced between the ends 35, 36. The
perforations 37 can receive and hold (by submersion or surface tension) oil or
water that may have leaked to be above the upper surface 26 of the bladder 20

due to bladder malfunction or infiltration, as discussed above.

Thus, the leaking oil or water that enters at least some of the perforations 37
blocks or greatly reduces the light ray reflection at a flat mirror 38 disposed at the
second end 36 of the sensor head 32. This light reduction results because water
and oll have a greater refractive index than air (which is in the perforations 37
when water and/or oil are not present). The reduced reflected light is captured
by the fiber optics 34 (such as output fiber optic cable 34”) which is connected to
a light detector 40, preferably in the form of a photodiode or any other photo
detector. The light detector 40 provides an electrical analogue output (voltage
signal) any time that there is light on the surface of the detector 40. If no or
reduced light Is received by the light detector 40, a low voltage level is output by
the light detector 40, which indicates that the perforations 37 in the sensor head
32 contain liquid (water/oll) and thus there may be a malfunction of the bladder
20. In the absence of any liquid inside the perforations 37 of the sensor head 32,
the light rays emitted by the LED 34 reflect back from the surface of the mirror 38
and are captured by the fiber optic cable 34" and thus the light detector 40.
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Normal voltage output indicates that air only is inside the perforations in the
sensor head (a normal operating condition with no bladder 20 malfunction).
Optical insulation 42 is provided to optically isolate the LED 34 from the light
detector 40 to avoid interference and sensor error. For example, the LED 34 and
light detector 40 are preferably located in a self-contained sensor box (defining
the optical insulation), in the transformer control cabinet, where the minimum
electronics required to power up the sensor structure 30 will be available (any DC
power supply converted to a 5V DC or 12V DC power supply). Thus, the fiber
optic cables 34’, 34" are elongated to space the light source 34 and the light
detector 40 remotely from the sensor head 32.

Thus, the very light-weight sensor structure 30 using fiber optics 34 provides a
cost-effective and efficient way to detect if water and/oll is present on the upper
surface 26 of a bladder 20 of a conservator tank 16. The sensor structure 20
does not interfere electrically (no current needed in tank 16), chemically or
mechanically (weight of sensor head 32 does not affect function of bladder 20),
with any of the power transformer operating parameters. The sensor structure 30
can be installed on the upper surface 26 of the bladder 20 in a new conservator
tank, or can be dropped onto the upper surface 26 of the bladder 20 in an
existing conservator tank 16 during outages.

The foregoing preferred embodiments have been shown and described for the
purposes of Illustrating the structural and functional principles of the present
invention, as well as illustrating the methods of employing the preferred
embodiments and are subject to change without departing from such principles.
Therefore, this invention includes all modifications encompassed within the spirit
of the following claims.
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What is claimed is:

1. Optical sensor structure for sensing the presence of liquid, such as oil and/or
water, in a sealed conservator tank, the tank including a bladder isolating oil from air,
the bladder having a first surtace exposed to the air and an opposing second surface
exposed to the oll, the sensor structure comprising:

a sensor head including a body having first and second opposing ends, a
plurality of perforations through the body and spaced between the first and second
ends, and a mirror disposed at the second end, the perforations being constructed
and arranged to receive and hold liquid therein, the sensor head being constructed
and arranged 1o rest on the first surface of the bladder,

a light source,

a first fiber optic cable between the light source and the first end of the body,

a light detector, and

a second fiber optic cable between the light detector and the first end of the
body,

wherein when the light source provides light through the first fiber optic cable
and to the perforated body, the light reflects off the mirror and is received by the
second fiber optic cable and by the light detector, and wherein the amount of light
received by the light detector is reduced when liquid, instead of air, is in at least
some of the perforations in the body.

2. The sensor structure of claim 1, wherein the fiber optic cables are elongated
cables so as to enable the light source and light detector to be disposed remotely
from the sensor head.

3. The sensor structure of claim 1, wherein the light source is a light emitting
diode.

4, The sensor structure of claim 1, wherein the light detector is a photodiode.

D. The sensor structure of claim 1, further comprising optical insulation to

optically isolate the light source from the light detector.

AMENDED SHEET (ARTICLE 19)
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6. (Canceled) The sensor structure of claim 1, wherein the liquid is water and/or
oil.

7. A conservator tank structure for a transformer oil preservation type system,

the conservator tank structure comprising:

a conservator tank,

a bladder in the conservator tank constructed and arranged to isolate oil from
air that is in the tank, the bladder having a first surface exposed to the air and an
opposing second surface exposed to the oil, and

optical sensor structure comprising:

a sensor head inside of the tank and resting on the first surface of the
bladder, the sensor head including a body having first and second opposing ends, a
plurality of perforations through the body and spaced between the first and second
ends, and a mirror disposed at the second end, the perforations being constructed
and arranged to receive and hold liquid, such as oil and/or water, therein,

a light source disposed outside of the tank,

a first fiber optic cable between the light source and the first end of the
body,

a light detector disposed outside of the tank, and

a second fiber optic cable between the light detector and the first end
of the body,

wherein when the light source provides light through the first fiber optic cable
and to the perforated body, the light reflects off the mirror and is received by the
second fiber optic cable and by the light detector, and wherein the amount of light
received by the light detector is reduced when liquid, instead of air, Is in at least
some of the perforations in the body. |

8. The tank structure of claim 7, wherein the light source is a light emitting diode.
9. The tank structure of claim 7, wherein the light detector is a photodiode.

10.  The tank structure of claim 7, further comprising optical insulation to optically
Isolate the light source from the light detector.

AMENDED SHEET (ARTICLE 19)
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11.  (Canceled) The tank structure of claim 7, in combination with the liquid and
wherein the liquid is water and/or oll.

12. A method of detecting the presence of liquid, such as oil and/or water, on an
air side of a bladder disposed in a conservator tank for a transformer oil preservation
type system, the bladder isolating oil from air and having a first surface exposed to
the air and an opposing, second surface exposed to the oil, the method comprising
the steps of:

placing an optical sensor head on the first surface of the bladder,

providing a source of light to the sensor head,

determining a normal condition when no liquid is in contact with the sensor
head by detecting a certain amount of light exiting the sensor head, and

determining a malfunction condition when liquid is in contact with the sensor
head by detecting an amount of light, less than the certain amount of light, exiting
the sensor head.

13.  The method of claim 12, wherein the sensor head includes a body having first
and second opposing ends, a plurality of perforations through the body and spaced
between the first and second ends, and a mirror disposed at the second end, the
perforations being constructed and arranged to receive and hold liquid therein, and
wherein the normal condition is determined when only air is in the perforations, and
the malfunction condition is determined when liquid is in at least some of the
perforations.

14.  (Canceled) The method of claim 12, wherein the liquid is water and/or oil.

15. The method of claim 12, wherein the step of providing the light source
provides a light emitting diode disposed outside of the tank and optically connected
to the sensor head via a fiber optic cable.

16.  The method of claim 12, wherein the steps of detecting light include using a

ight detector disposed outside of the tank and optically connected to the sensor
head via a fiber optic cable.

AMENDED SHEET (ARTICLE 19)
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