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Description

BACKGROUND

[0001] It is widely accepted that a cost effective, ded-
icated online gas monitoring can provide early diagnos-
tics for transformer failures and enable utilities to a move
to condition based asset management programs. Cur-
rent online DGA technologies are often cost-prohibitive
to address a wide fleet of load tap changers ("LTCs") and
transformers. As a result, unexpected failures due to LTC
condition and transformer faults still occur that result in
expensive outages and power delivery interruption. Ac-
cordingly, the demand for real-time, low-cost online DGA
monitors is increasing for the aging utility infrastructure.
[0002] Fault conditions in power transformers and
LTCs cause the breakdown of the insulating oil and paper
inside the power transformer or LTC. The breakdown cre-
ates gases in the insulating oil. The dissolved gases in
the oil are indicative of the fault. So the goal is to measure
the dissolved gases in the oil and use their levels to in-
dicate the health of the power transformer or LTC. In
order to measure the dissolved gases in the oil of a power
transformer or LTC, the gases must be separated from
the oil. US 5749942 discloses a related method and sys-
tem for analysing gas dissolved in transformer oil.
[0003] US 2010/007728 A1 describes a method of
sensing hydrogen gas in a liquid comprising: providing a
measuring device comprising a hydrogen sensing cham-
ber and a palladium hydrogen sensor mounted in contact
with said chamber, positioning a hydrogen permeable
membrane between the liquid and the hydrogen sensor
and creating a headspace, selectively providing air to the
sensor headspace, thereby bringing air into contact with
said palladium sensor to refresh the palladium, after the
palladium sensor is refreshed shutting off air flow to the
sensor headspace, bringing liquid into said chamber, al-
lowing hydrogen to pass through the membrane and
reach equilibrium, and reading the hydrogen concentra-
tion.
[0004] US 2007/0256969 A1 describes composite po-
rous hydrophobic membranes prepared by forming a per-
fluorohydrocarbon layer on the surface of a preformed
porous polymeric substrate. The membranes may be
used in fluid separation methods involving contacting a
feed fluid with the membrane under conditions sustaining
a pressure differential across the membrane.

SUMMARY

[0005] In general, in one aspect, one or more embod-
iments are directed to a method for analyzing gas dis-
solved within a fluid filled asset. The method includes
extracting the fluid from the fluid filled asset, circulating
the fluid though a first fluid loop, and passing the extract-
ed fluid along a first side of at least one gas permeable
membrane. The method further includes extracting gas
from a second side of the at least one gas permeable

membrane, circulating the extracted gas through a sec-
ond fluid loop, wherein the first fluid loop and the second
fluid loop are separated by the at least one gas permeable
membrane. The method further includes controlling a
pressure differential across the at least one gas perme-
able membrane to a predetermined pressure differential
and providing the extracted gas to a gas analysis unit
disposed within the second fluid loop. The chemical
makeup of the extracted gas is periodically determined
using the gas analysis unit.
[0006] In another aspect, one or more embodiments
are directed to a system for analyzing dissolved gas in a
fluid filled asset. The system comprises a fluid extraction
unit configured to extract fluid from the fluid filled asset,
a fluid pump configured to circulate the fluid though a first
fluid loop, a gas extraction unit in the first fluid loop con-
figured to extract dissolved gas from the circulating fluid.
The gas extraction unit includes at least one gas perme-
able membrane. The system further includes a gas pump
configured to circulate the extracted gas through a sec-
ond fluid loop, wherein the first fluid loop and the second
fluid loop are separated by the at least one gas permeable
membrane. A pressure control unit is configured to con-
trol the differential pressure across the at least one gas
permeable membrane to a predetermined pressure dif-
ferential. A gas analysis unit is included in the second
fluid loop, and is configured to receive the extracted gas,
wherein the gas analysis unit is further configured to pe-
riodically determine, at specific intervals, the chemical
makeup of the extracted gas.
[0007] Embodiments of the method and of the system
are defined in the dependent claims. Other aspects of
the embodiments disclosed herein will be apparent from
the following description and the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

[0008]

FIG. 1 shows a system for monitoring asset health
by dissolved gas measurement in accordance with
one or more embodiments.

FIG. 2 shows a monitor module for monitoring asset
health by dissolved gas measurement in accordance
with one or more embodiments.

FIG. 3 shows a block diagram of a system for mon-
itoring asset health by dissolved gas measurement
in accordance with one or more embodiments.

FIG. 4 shows an example of an oil loop in accordance
with one or more embodiments.

FIG. 5 shows an example of a gas loop in accordance
with one or more embodiments.

FIG. 6 shows a block diagram of a two-valve instal-
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lation of a system for monitoring asset health by dis-
solved gas measurement in accordance with one or
more embodiments.

FIG. 7 shows a two-valve installation of a system for
monitoring asset health by dissolved gas measure-
ment in accordance with one or more embodiments.

FIG. 8 shows an adaptor for a two-valve installation
in accordance with one or more embodiments.

FIG. 9 shows a block diagram of a single valve in-
stallation of a system for monitoring asset health by
dissolved gas measurement in accordance with one
or more embodiments.

FIG. 10 shows an example of an adaptor for a single
valve installation in accordance with one or more em-
bodiments.

FIGS. 11A-11B show an example of an adaptor for
a single valve installation in accordance with one or
more embodiments.

FIG. 12 shows a block diagram for a flow through
installation of a system for monitoring asset health
by dissolved gas measurement in accordance with
one or more embodiments.

FIG. 13A shows a block diagram of a flow through
installation of a system for monitoring asset health
by dissolved gas measurement in accordance with
one or more embodiments.

FIG. 13B shows an adaptor for a flow through instal-
lation in accordance with one or more embodiments.

FIG. 14 shows test data in accordance with one or
more embodiments.

FIG. 15 shows test data in accordance with one or
more embodiments.

FIG. 16 shows test data in accordance with one or
more embodiments.

FIG. 17 shows test data in accordance with one or
more embodiments.

FIG. 18 shows one example methodology used in
the instrument in accordance with one or more em-
bodiments.

FIG. 19 shows test data in accordance with one or
more embodiments.

FIG. 20 shows test data in accordance with one or
more embodiments.

FIG. 21 shows test data in accordance with one or
more embodiments.

FIG. 22 shows test data in accordance with one or
more embodiments.

FIG. 23 shows test data in accordance with one or
more embodiments.

FIG. 24 shows test data in accordance with one or
more embodiments.

FIG. 25 shows test data in accordance with one or
more embodiments.

FIG. 26 shows test data in accordance with one or
more embodiments.

FIG. 27 shows test data in accordance with one or
more embodiments.

FIG. 28 shows test data in accordance with one or
more embodiments.

FIG. 29 shows test data in accordance with one or
more embodiments.

FIG. 30 shows test data in accordance with one or
more embodiments.

FIG. 31 shows test data in accordance with one or
more embodiments.

FIG. 32 shows test data in accordance with one or
more embodiments.

FIG. 33 shows test data in accordance with one or
more embodiments.

FIG. 34 shows an example of an adaptor for a single
valve installation in accordance with one or more em-
bodiments.

DETAILED DESCRIPTION

[0009] Specific embodiments will now be described in
detail with reference to the accompanying figures. Like
elements in the various figures are denoted by like ref-
erence numerals for consistency.
[0010] In the following detailed description of embod-
iments, numerous specific details are set forth in order
to provide a more thorough understanding of the inven-
tion. However, it will be apparent to one of ordinary skill
in the art that the invention may be practiced without
these specific details. In other instances, well-known fea-
tures have not been described in detail to avoid unnec-
essarily complicating the description.
[0011] In general, one or more embodiments are di-
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rected to a system and method for cost-effectively mon-
itoring the health of oil filled electrical equipment, also
more generally referred to herein as an oil filled asset,
i.e., any oil filled piece of equipment that may be moni-
tored for the presence of dissolved gases within the oil.
More specifically, the system and methods disclosed
herein are directed to monitoring the chemical makeup
and quantity of gases that are dissolved within the oil
contained within the oil filled asset, e.g., dielectric oil with-
in transformers and/or load tap changers. As used herein,
the term fluid or oil filled asset encompasses partially or
fully filled assets. Furthermore, as used herein the term
fluid is used generally to refer to both liquids and gases,
e.g., oil and the gases separated from the oil.
[0012] FIG. 1 shows an example of an oil filled asset
to be monitored in accordance with one or more embod-
iments. Specifically, FIG. 1 shows an oil filled transformer
101 that includes a load tap changer ("LTC") 103. In ad-
dition, located near the bottom of the transformer main
tank 105 is a transformer oil drain pipe 107a and oil drain
valve 107. Furthermore, near the top of transformer main
tank 105 is an oil fill inlet 109. The transformer shown in
FIG. 1 is further equipped with an oil fill line 111 that
connects to oil fill inlet 109 and extends downward toward
oil drain valve 107. Attached to the end of oil fill line 111
is oil fill valve 113. In accordance with one or more em-
bodiments, the system for monitoring asset health by dis-
solved gas measurement may be attached to the LTC
103 or transformer main tank 105 by way of any one of
a number of adaptors as described in more detail below
in reference to FIGS. 6-13.
[0013] In accordance with one or more embodiments,
the oil filled LTC 103 may be monitored using the system
for monitoring asset health by dissolved gas measure-
ment. According to this embodiment, a monitor module
119 may be attached to the LTC 103 by way of a single
LTC valve 115. In this single valve configuration, the mon-
itor module 119 may be attached by way of an adaptor
as described below in reference to FIGS. 9-11. In another
embodiment, the monitor module 119 may be connected
directly into the oil filtration loop of the LTC as described
below in reference to FIGS. 12-13. In another embodi-
ment, for where main tank 105 of the oil filled transformer
101 is to be monitored, either separately or concurrently
with the LTC 103, a monitor module 121 may be attached
by way of oil drain valve 107. In this single valve config-
uration, the monitor module 121 may be attached by way
of an adaptor as shown in FIG. 9-11. According to yet
another embodiment, the monitor module 121 may be
attached in a two-valve configuration i.e., connected to
both oil drain valve 107 and oil fill valve 113. In this two
valve configuration, the monitor module 121 may be at-
tached by way of an adaptor, as described below in ref-
erence to FIGs 7-8.
[0014] In accordance with one or more embodiments,
in a single valve installation, the adaptor may include a
probe that is configured in an internal dual-passage ge-
ometry that includes an oil inlet passage through which

oil from the asset is extracted and an oil outlet passage
through which fluid is returned to the asset; oil is extracted
and returned through a single valve, e.g., the LTC valve
115 or the oil drain valve 107. In other examples, the
adaptor may have passages for receiving two lines, e.g.,
so as to connect to both the oil drain valve 107 and the
oil fill valve 113 and/or to connect to a flow line used in
the LTC filter loop, making use of existing pumps and
plumbing for circulation of the oil through the oil circula-
tion loop of the analysis unit. Alternatively, oil may be
drawn from the filtration loop in order to feed the oil cir-
culation loop of the analysis unit which itself may employ
at least one oil pump for oil circulation. One of ordinary
skill having the benefit of this disclosure will appreciate
that the standard LTC filtration subsystem includes var-
ious pumps, filters, valves, etc. For simplicity these com-
ponents will not be described in detail here. As used here-
in, the above-described configuration is referred to as
the flow-through configuration and is shown in more de-
tail in FIGS. 12-13.
[0015] Advantageously, systems employing the two-
valve, probe, or flow-through configurations may be con-
figured by the proper choice of adaptor, based on the
nature of the particular installation and thus are highly
tailored to end user needs. Accordingly, the monitor mod-
ule itself need not be redesigned for each installation.
Thus, in each of the above installation scenarios, the
same system may be installed using different adaptors,
allowing for great flexibility and reduced cost.
[0016] Also shown in FIG. 1 is an analysis unit 125 that
is conveniently mounted on the surface of the transformer
main tank for easy visibility and easy access, e.g., within
the transformer control cabinet 123. In accordance with
one or more embodiments, the analysis unit 125 includes
a drive hub 127 and a controller 129 that are both oper-
ably connected to one or more monitor modules, e.g.,
monitor modules 119, 121, or the like. In accordance with
one or more embodiments, a monitor module may in-
clude the necessary plumbing for connecting the monitor
to the oil filled asset, e.g., transformer or LTC, as de-
scribed in more detail below in reference to FIGS. 3-5.
In accordance with one or more embodiments, a monitor
module also includes the necessary pumps, valves, sen-
sors, heater, etc., for extracting oil from the oil filled asset,
controlling the pressure and temperature of the oil within
an oil circulation loop. In addition, each monitor module
may be controlled and/or powered by drive hub 127. A
monitor module also includes a respective indicator light,
e.g., indicator lights 119a and 121a for easily determining
the state (or health) of the transformer. For example, the
indicator light may vary from green to yellow to blue to
red to indicate normal, caution, warning, or alarm, re-
spectively. In accordance with one or more embodi-
ments, drive hub 127 is a versatile hub that includes the
necessary relays, control/communication electronics,
and power supply for a number of instruments and may
be field programmable and upgradable. For example the
drive hub 127 may be a LumaSense EZHUB device.
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[0017] In accordance with one or more embodiments,
the controller 129 may provide for gas readings that are
viewable by a user and may drive, display data from,
communicate with up to 32 instruments at a time. For
example, the controller 129 may provide advanced com-
munications, local display, and memory to enhance
Smart Grid integration and performance. Furthermore,
the controller 129 may provide for an interactive touch
screen display for set-up, alarms, notifications and anal-
ysis of dissolved gas data received from the analysis
units. Furthermore, the controller 129 may employ com-
munication protocols such as Modbus ASCII, Modbus
RTU, DNP3.0, ASCII, IEC61850, or traditional RS485,
RS232, and Ethernet communications. In accordance
with one or more embodiments, the controller 129 may
interact with a number of drive hubs 127 via RS485, Eth-
ernet connection, or any other communication protocol.
Furthermore, the controller 129 may include volatile and
nonvolatile memory for data storage that may be used,
e.g., to log and store dissolved gas data over the lifetime
of a transformer, i.e., (40 years).
[0018] As shown in FIG. 1, in accordance with one or
more embodiments, the drive hub 127 and/or the con-
troller 129 may be accessed and/or controlled by way of
a remote computing device such as a remote mobile de-
vice 131, e.g., a laptop, mobile phone, smart phone, tab-
let pc, or the like. One of ordinary skill will appreciate that
the remote mobile device may be access by wire or wire-
less, LAN WAN (including the broader internet), WIFI,
Bluetooth, ZiGBee, or the like and is not limited to wired
communication.
[0019] FIG. 2 shows one example of a monitor module
in accordance with one or more embodiments. The mon-
itor module 201 is mounted to an oil filled asset (not
shown), as described above, by way of an adaptor 213.
In accordance with one or more embodiments, the oil
filled asset may be a piece of oil filled electrical equipment
such as an oil filled transformer or LTC, or more generally,
may be any piece of oil filled equipment. Adaptor 213 is
adapted to mount to the oil filled asset in a number of
asset specific configurations, as described in further de-
tail below in reference to FIGS. 6-13. Furthermore, adap-
tor 213 includes plumbing for connecting the system 201
to the oil filled asset and also includes pumps, valves,
sensors, etc., for extracting oil from the oil filled asset for
dissolved gas analysis within the monitor module 201,
as described in more detail below in reference to FIGS.
3-5. Monitor module 201 generally includes an electron-
ics module 205 (optionally including NDIR dissolved gas
analysis (DGA) system), an oil pump 209, and may fur-
ther include optional inlet oil heating coils 215, inlet oil
cooling coils 217, and outlet oil cooling coils 219.
[0020] In accordance with one or more embodiments,
a monitor module 201 is powered by a stand-alone drive
hub 207, i.e., monitor module itself does not include an
internal power supply. Such a configuration beneficially
removes the power supply and the communications elec-
tronics away from the heat that is typically associated

with the monitor module 201 and may lead to poor per-
formance or failure of the power supply. Furthermore, in
accordance with one or more embodiments, the stand-
alone drive hub 207 provides for single point connectivity
for power and communications to a monitor module 201.
In accordance with one or more embodiments, the stand
alone drive hub 207 may include status indicators for
each monitor module 201 that is connected.
[0021] Furthermore, in accordance with one or more
embodiments, drive hub 207 is configured to supply elec-
trical power to any or all of the electronics module 205,
the oil pump 209, and indicator module 221. The elec-
tronics module 205 provides the necessary electronics
for communication with and control of NDIR DGA system
that may be integrated with or separate from the elec-
tronics module 205. The NDIR DGA system may include
several electronic sensors, electronic valves, and an in-
frared gas detection system, e.g., a non-dispersive infra-
red ("NDIR") gas sensor. NDIR DGA subsystem is de-
scribed in more detail below in reference to FIG. 3.
[0022] The indicator module 221 may include one or
multiple indicators (e.g., a single large indicator light or
a front panel including a bank of indicator lights, such as
LEDs, or the like) for indicating to an outside observer
the presence of various dissolved gases and also for in-
dicating various fault conditions within the oil filled asset
based on the amount detected of one or more gases
dissolved in the oil in comparison with a preprogrammed
threshold value.
[0023] In accordance with one or more embodiments,
a monitor module 201 may be operably connected with
and be able to exchange data with a controller 129 as
described above. As described above, in accordance
with one or more embodiments, the controller includes a
touch screen interface. Furthermore in accordance with
one or more embodiments, the drive hub 207 may com-
municate with the controller 129 by way of TCP/IP pro-
tocol thereby allowing the control to control a large
number of drive hubs 207 easily by introducing them
through a communication hub or switch, e.g., an RS485
multidrop hub or Ethernet hub connections. In accord-
ance with one or more embodiments, the controller 129
may control a large number of, e.g. greater than 30, dif-
ferent drive hubs 207 and each drive hub 207 may drive
two separate monitor modules. As shown in FIG. 1, in
accordance with one or more embodiments, the drive
hub 127 and/or the controller 129 and thereby any or all
the monitor modules 201 may be accessed and/or con-
trolled by way of a remote computing device such as a
remote mobile device 131, e.g., a laptop, mobile phone,
smart phone, tablet pc, or the like.
[0024] In accordance with one or more embodiments,
the monitor module 201 may be connected through
plumbing (not shown) within adaptor 213 to allow for the
extraction of oil from the oil filled asset (as shown, e.g.,
in FIG. 1, above). The extracted oil then circulates
through a fluid circulation loop, also referred to herein as
the oil circulation loop, within the module 201 and is then
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returned to the oil filled asset. In accordance with one or
more embodiments, the oil circulation loop may be a sin-
gle loop, or may have a multi-loop design for isolation of
the transformer tank from the separator membrane, as
described in more detail below in reference to FIG. 4. In
either of these configurations, the circulation and pres-
sure of the oil in the oil circulation loop may be controlled
by oil pump 209 mounted within one of or both of the oil
circulation loop(s). According to other embodiments, the
oil pump may be mounted within the adaptor itself, or
according to further embodiments, two oil pumps may be
utilized, one in the adaptor and one within analysis unit
203. Furthermore, in accordance with one or more em-
bodiments, inlet oil heating coils 215, inlet oil cooling coils
217, and outlet oil cooling coils 219 are configured to
control the temperature of the oil circulating through the
oil circulation loop. Inlet heating coils 215 receive the oil
extracted from the oil filled asset 202 and heat the oil to
a predetermined temperature for gas transfer within the
analysis unit 203, e.g. 40 +/- 10° C. Alternatively, inlet
cooling coils 217 receive the oil extracted from the oil
filled asset 202 and remove heat from the oil to cool the
oil to a predetermined temperature for optimal use within
analysis unit 203. Furthermore, outlet cooling coils may
be used to cool the oil before the oil is returned to the oil
filled asset 202 so that the oil may be returned to the oil
filled asset 202 at a temperature that does not inhibit the
proper operation of the oil filled asset. While this example
shows inlet oil heating coils 215, inlet oil cooling coils
217, and outlet oil cooling coils 219, any of these coils
may be employed separately from all other coils depend-
ing on the conditions, e.g., a system may deploy only one
heating coil, only one cooling coil, or any combination of
coils without departing from the scope of the present dis-
closure.
[0025] FIG. 3 shows an example of the internal com-
ponents of a monitor module capable of monitoring asset
health by dissolved gas measurement in accordance with
one or more embodiments. The monitor module includes
at least two separately circulating fluid loops. In accord-
ance with one or more embodiments, the first fluid loop
301 is the oil circulation loop configured to circulate oil
extracted from the oil filled asset and the second fluid
loop 303 is the gas circulation loop, configured to circulate
gas extracted from the extracted oil. The first fluid loop
and second fluid loop are coupled via a gas separator
unit 304 including at least one gas permeable membrane
305. In accordance with one or more embodiments, the
gas permeable membrane may be any gas permeable
polymer membrane known in the art. Example polymer
membranes that may be used include those sold by A+
Corporation (Gonzales, LA), e.g., the M120-5X6, or the
like. Furthermore, in accordance with one or more em-
bodiments, the membrane 305 may be sandwiched be-
tween two porous metal plates (not shown) in order to
minimize pressure induced deflections in the membrane.
The membrane described above may be employed in
any or all of the embodiments disclosed below and is not

limited to the arrangement shown in FIG. 3.
[0026] In accordance with one or more embodiments,
gas that is initially dissolved in the oil circulating through
the first fluid loop may be extracted by contacting one
side 305a of the gas permeable membrane 305. The gas
diffuses through the gas permeable membrane 305,
thereby entering the second fluid loop, where the extract-
ed gas is circulated separately within the second fluid
loop. In accordance with one or more embodiments, the
gas permeable membrane is substantially impermeable
to the oil circulating within the first fluid loop and, thus,
under normal operation, oil is kept from entering the sec-
ond fluid loop and the dissolved gas is effectively sepa-
rated from the oil for analysis by the monitor module. In
accordance with one or more embodiments, the gas sep-
arator unit may employ a single planar gas permeable
membrane. In other embodiments, the gas separator unit
may employ two planar gas permeable polymer mem-
branes.
[0027] In accordance with one or more embodiments,
the flow of oil within the first fluid loop is described below
in reference to FIG. 3. Oil from the oil filled asset is ex-
tracted through inlet 307, circulated through first fluid loop
301 and returned through outlet 325. A manual cutoff
valve 309 is installed after the inlet 307 to allow for manual
cutoff of the oil flow from the oil filled asset, e.g., to be
used during installation, servicing of the analysis unit 303,
or in case of emergency shutdown of the analysis unit
303. In accordance with one or more embodiments, sev-
eral additional components may be installed along and/or
within the first fluid loop. FIG. 3 shows a check valve 311,
humidity/temperature sensor 313, oil pump 315, oil reg-
ulator valve 317, oil pressure sensor 319, gas separator
304, air bleed valve 321 and solenoid cutoff valve 323
are each installed downstream of the manual oil cutoff
valve 309.
[0028] In accordance with one or more embodiments,
the flow of gas within the second fluid loop is described
below in reference to FIG. 3. Gas dissolved in the ex-
tracted asset oil enters the second fluid loop 303 from
the first fluid loop 301 by way of diffusion through gas
permeable membrane 305 mounted within the gas sep-
arator 304. The pressure and flow rate of the extracted
gas circulating within the second fluid loop 301 is con-
trolled by gas pump 327. In accordance with one or more
embodiments, several additional components may be in-
stalled along and/or within the second fluid loop 303. FIG.
3 shows purge gas inlet valve 329, a purge gas outlet
valve 331, an electronics module/DGA subsystem 205,
gas pressure sensor 335, oxygen (O2) sensor 337, and
gas separator 304.
[0029] In accordance with one or more embodiments,
gas pump 327 circulates the extracted gas through elec-
tronics module 205 where the specific gas signature, i.e.,
mixture, may be identified. For example, electronics mod-
ule 205 may employ an NDIR gas detection system for
detecting various gases, e.g., C2H4, C2H2, H2, CO, H20,
CO2, CH4, C2H6, O2, and N2. In accordance with one
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or more embodiments, the extracted gas is provided to
the instrument in a periodic, discontinuous fashion in or-
der to insure that a minimal sample is utilized for analysis.
In other words, the gas is introduced into the NDIR in-
strument sample pathway only at predefined, periodic
intervals. Introducing the minimal sample to the NDIR
instrument in the above manner ensures that gas in the
second fluid loop remains in equilibrium with the gas in
the first fluid loop, thus, improving measurement accu-
racy and repeatability. In accordance with other embod-
iments, gas is continuously circulated through the gas
loop such that the sample pathway within the NDIR in-
strument is part of the gas loop. Accordingly the sample
pathway becomes part of a gas equilibrium loop and the
NDIR instrument may accurately measure the gas con-
centration at specific periodic intervals.
[0030] The second fluid loop 303 also includes a sys-
tem for purging the second fluid loop with air, or other
purge gas. This air purge allows for the NDIR instrument
to be periodically calibrated and/or zeroed, before and/or
after each measurement, when necessary. During a
purge operation, air is introduced into the system through
inlet 347, via the purge gas inlet valve 329. Before en-
tering the system, the air is passed through moisture bar-
rier 343 to remove water vapor. The air is then returned
to the atmosphere by way of purge gas outlet valve 331
and gas outlet check valve 341. Gas outlet check valve
is connected so as to ensure that under normal operating
conditions, air may not enter the system through outlet
345. In addition, in accordance with one or more embod-
iments, hydrogen sensor 339 may be mounted between
the gas zero outlet valve 331 and gas outlet check valve
341.
[0031] Electronics module 205 further includes the
necessary electronics for control and communication
with the various pumps and sensors of the monitor mod-
ule. In accordance with one or more embodiments, the
electronics module 205 includes electronics bench 205a
which provides control and communication lines to con-
trol and communicate with solenoid oil cutoff valve 323,
humidity/temperature sensor 313, oil pump 315, oil pres-
sure sensor 319, gas pump 327, purge gas inlet valve
329, purge gas outlet valve 331, H2 sensor 339, gas outlet
check valve 341, and O2 sensor 337. The electronics
bench 205a may be employed using the DGA platform
available from Lumasense, marketed as the ANDROS
9500 multi-gas platform. Alternatively, any known multi-
channel gas detection platform may be used. One of or-
dinary skill will appreciate that any number of alternate
configurations of sensors and control lines may be im-
plemented in accordance with one or more embodi-
ments, and, thus, the particular arrangement shown in
FIG. 3 is not meant to limit the scope of the present dis-
closure.
[0032] In accordance with one or more embodiments,
FIG. 3 illustrates one possible configuration of pumps,
sensors, and control lines that may facilitate the precise
control of the pressure differential applied across the

membrane. As used herein, the pressure differential is
defined to be the difference between the pressure applied
to side 305a and 305b of the membrane 305. Further,
the pressure differential may be affected and/or control-
led by controlling the pressure in the first and second
fluid loops, (i.e., the oil and the gas loops, respectively).
Thus, as used herein, the concept of controlling the pres-
sure differential across the membrane may encompass
directly or indirectly modifying the pressure being applied
to either of side 305a and 305b of the membrane. For
example, the pressure applied to side 305a may be con-
trolled via oil pump 315 that is controlled by control line
315a that originates from electronics bench 305a. The
control signal sent to oil pump 315 from electronics bench
305a may depend on the pressure reading from oil pres-
sure sensor 319, as compared to a predetermined pres-
sure set point. Similarly, the pressure applied to side 305b
may be controlled via gas pump 327 that is controlled by
control line 327a that originates from electronics bench
305a. The control signal sent to gas pump 327 from elec-
tronics bench 305a may depend on the pressure reading
from gas pressure sensor 335, as compared to a prede-
termined pressure set point. Accordingly, the pressure
across the membrane may be controlled to a predeter-
mined pressure differential by control of one of or both
of gas pump 327 and oil pump 315. Furthermore, the
pumps may be controlled by electronics bench 305a
based on the pressures within the two fluid loops, for
example, as measured by oil pressure senor 319 and
gas pressure sensor 335.
[0033] For example, in accordance with one or more
embodiments, the pressure in the oil loop may be con-
trolled to be +/- 3.4 kPa (0.5 psi) above the pressure in
the gas loop, thus, providing a suitable pressure differ-
ential across the membrane 305. One of ordinary skill
will appreciate that the precise value of the predeter-
mined pressure differential may depend on many factors
including oil temperature, dissolved gas concentration,
gas separator design, e.g., single membrane or multiple
membrane design.
[0034] FIG. 4 shows an example of an oil loop within
a monitor module in accordance with one or more em-
bodiments. In the example shown in FIG. 4, the oil loop
includes two separate loops to allow for isolation of the
gas separator 304 from the oil filled asset. The separation
is accomplished through the use of four solenoid valves,
two in an asset oil loop 403, i.e., solenoid valves 405,
407 and two in an oil circulation loop 409, i.e., solenoid
valves 411, 413. The isolation of the gas separator 304
from the oil filled asset is accomplished as follows. During
installation all four solenoid valves are closed. Once in-
stalled, solenoid valves 405 and 407 are opened, thereby
allowing the oil pump 415 to circulate oil in asset oil loop
403. Furthermore, as oil circulates, temperature control-
led oil reservoir 419 is filled with oil from the asset. In
accordance with one or more embodiments, the temper-
ature controlled oil reservoir 419 is heated by heaters,
e.g., resistive heaters, and cooled passively by way of
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cooling coils. In accordance with one or more embodi-
ments, the temperature of the oil may be maintained at
40 +/- 10° C and the capacity of the reservoir may be
approximately 3.5 ml. However, the precise temperature
and capacity may change depending on the viscosity of
the oil and the solubility of the various gasses being mon-
itored. Accordingly, any temperature and capacity may
be used without departing form the scope of the present
disclosure.
[0035] Once the temperature controlled oil reservoir
419 is filled, pump 415 is turned off and valves 405 and
407 are closed. Then valves 413 and 411 are opened,
and pump 415 is turned back on, resulting in oil now
circulating within oil loop 409, thereby exposing gas sep-
arator 304 to the circulating oil under test. Advantageous-
ly, this four valve configuration allows for at least two
valves to always be isolating the asset internal oil volume
from the gas separator 304. This isolation eliminates the
risk of rupture of the membrane of gas separator 304 due
to uncontrolled pressure fluctuations (both over and un-
der pressure) at the inlet or outlet due to changing con-
ditions in and around the oil filled asset. Furthermore, as
shown in FIG. 4, a number of pressure sensors, e.g.,
pressure sensors 421 and 423 may be used to monitor
the pressure in the two oil loops to ensure the pressure
is properly controlled in a manner similar to that described
above in reference to FIG. 3. Furthermore, a humidity
and temperature sensor 425 may be used within the oil
loop 409.
[0036] In accordance with one or more embodiments,
the pressure differential across the membrane(s) of gas
separator 304 is controlled by the oil pump even when
the instrument is in the idle state, i.e., even when DGA
measurements are not being taken. Advantageously, this
assures that the membrane(s) will not be inadvertently
damaged due to, e.g., temperature swings in the oil due
to changing environmental conditions (the pressure is
strongly dependent on the temperature of the oil). Fur-
thermore, stabilization of the pressure and temperature
ensures that equilibrium is always maintained across the
membrane, thereby increasing accuracy and reducing
the time required to make a dissolved gas measurement.
[0037] FIG. 5 shows an example of a gas loop within
a monitor module in accordance with one or more em-
bodiments. Functionally, the gas loop shown in FIG. 5 is
similar to that shown in FIG. 3 in that it includes a system
for circulating a gas through an NDIR instrument, where
the gas is introduced into the loop by diffusion through
the membrane separator 504. In this example, measure-
ments are made as the gas is circulated through a sample
cell 503, that, e.g., may be partially housed within a DGA
instrument. Furthermore, like the loop shown in FIG. 3,
the loop shown in FIG. 5 includes H2 sensor 539 and O2
sensor 537. Also like the example shown in FIG. 3, the
loop shown in FIG. 5 includes a gas pump 527 that is
fluidly connected to the sample cell 503 through a series
of pipes and valves. As shown in FIG. 5, in this example,
the valves 505, 507, 509, 511, 513, and 517 are all X-

valves that allow for measurement and purge operations
as described above in reference to FIG. 3. However, the
embodiment shown in FIG. 5 differs from FIG. 3 in that
FIG. 5 shows a more detailed view of an NDIR instrument
that includes both a sample chamber 503 and an adjust-
able volume chamber 515. As can be seen from the draw-
ing, X-valves 509 and 511 are configured to allow the
adjustable volume cell 515 to be part of the overall sample
containing chamber thereby allowing the choice of filling
both the adjustable volume cell 515 and the sample
chamber 503 of filling up either. Filing up both cells in
some cases is beneficial for acquiring enough gas to
make a reliable H2 measurement at H2 sensor 539, de-
pending on the type of sensor used. In accordance with
one or more embodiments, solid state gas sensors are
used for both the H2 and O2 sensors, for example sensors
of the type manufactured by Figaro (Arlington Heights,
IL). However, any sensor may be used without departing
from the scope of the present disclosure. Another advan-
tageous aspect of the adjustable volume 515 configured
as shown in FIG. 5 is that the adjustable volume 515 may
be used to bypass, or short circuit the sample path. Thus,
the entire gas pathway may be purged without affecting
the contents of the sample cell 503. In accordance with
one or more embodiments, the gas pathway also in-
cludes a humidity sensor 541.
[0038] FIG. 6 shows the system for monitoring asset
health by dissolved gas measurement and adaptor 603
for mounting the system in the two-valve configuration in
accordance with one or more embodiments. As shown
in FIG. 6, the adaptor 603 includes inlet 605 and outlet
607 for extracting and returning asset oil from the oil drain
valve 107 and oil fill valve 113 respectively (See also
FIG. 1). Also optionally included within adaptor 603 is
secondary oil pump 609 and pressure regulator 611. In
accordance with one or more embodiments, secondary
oil pump 609 may facilitate the pumping of oil up to the
height of oil fill inlet 109, which may be upwards of 10-15
vertical feet above ground level, for return to a transform-
er main tank. In other embodiments, the secondary oil
pump 609 is not necessary and is therefore not present
in the system. For convenience, elements within instru-
ment 601 common to FIGS. 1-3 are labeled with common
numbers.
[0039] FIG. 7 shows an example of the two valve con-
figuration in accordance with one or more embodiments.
More specifically, FIG. 7 shows a configuration wherein
adaptor 701 is connected to both transformer fill line 703
and transformer drain line 705, the so-called two valve
configuration. In this example, adaptor 701 includes a
front end threaded connection 702 so that the adaptor
may thread directly into oil drain valve 107. Furthermore,
the back end of adaptor 701 includes a flange that is
configured to attach to a monitor module. Accordingly,
when using this adaptor, the monitor receives oil from
transformer drain line oil valve 107 and returns oil to the
transformer by way of oil fill valve 113 and oil sample
return port 811.

13 14 



EP 2 810 041 B1

9

5

10

15

20

25

30

35

40

45

50

55

[0040] FIG. 8 shows a more detailed view of the adap-
tor for two-valve configuration. In accordance with one
or more embodiments, the adaptor 800 includes a front
threaded portion that is able to be threaded into a trans-
former valve, e.g., at the transformer drain line oil valve
107. Furthermore, the front face 803 of adaptor 800 in-
cludes an oil sample input port 805 that is fluidly connect-
ed to an input internal passage 807 of the adaptor. This
input internal passage 807 corresponds to inlet 605 as
shown in FIG. 6 and is also fluidly connected to the inlet
of the monitor module (e.g., inlet 307 shown in FIG. 3).
Furthermore, the adaptor 800 includes a sample bleed
port 809 that includes a bleeder valve (not shown) for
bleeding oil and/or air from the system. Adaptor 800 fur-
ther includes oil sample return port 811 for receiving the
transformer fill line 703. Oil sample return port 811 is
fluidly connected to output internal passage 813 that may
be displaced from (adjacent to) the input internal passage
807. The rear portion of the adaptor 800 is configured to
mate with the front face of a monitor module (not shown).
This mating may be accomplished by any way known in
the art, e.g., by an array of screws as shown in FIG. 7.
[0041] FIG. 9 shows the system for monitoring asset
health by dissolved gas measurement and adaptor 903
for mounting the system in the single valve probe con-
figuration in accordance with one or more embodiments.
As shown in FIG. 9, the adaptor 903 includes inlet 905
and outlet 907 both originating from within probe 913
which extracts and returns asset oil from an oil filled as-
set, e.g., the LTC valve 115 or transformer drain valve
107. As shown in FIG. 9, the adaptor 903 includes a probe
913 that may be inserted into a single valve, e.g., valve
115 and/or valve 107 shown in FIG. 1. Furthermore, in
accordance with one or more embodiments, the probe
is configured in a dual passage geometry, shown in more
detail in FIGS. 10-11, that includes an oil inlet passage
1005 through which oil from the asset is extracted and
an oil outlet passage 1007 through which fluid is returned
to the asset. Advantageously, using this adaptor, oil is
extracted and returned through a single valve. Also op-
tionally included within adaptor 903 is secondary oil pump
909 and pressure regulator 911. In accordance with one
or more embodiments, secondary oil pump 909 may fa-
cilitate the pumping of oil up to the height of the LTC valve
915. In other embodiments, the secondary oil pump 909
is not necessary and is therefore not present in the sys-
tem. For convenience, elements within instrument 901
common to FIG. 1 and FIG. 2 are labeled with common
numbers.
[0042] FIG. 10 shows an example of a probe adaptor
in accordance with one or more embodiments. More spe-
cifically, the probe adaptor 1000 shown in FIG. 10 in-
cludes a retractable probe member 1001 that is slidably
engaged within a hole in a threaded input portion 1011.
The threaded input portion 1011 may be threaded into
the output port a single valve (not shown), e.g., valve 115
for monitoring the oil form an LTC or, e.g., valve 107.
Furthermore, the retractable probe member 1001 may

be cut to length depending on the size of the valve and
the size of the transformer tank. The output end 1103 of
the retractable probe member 1001 is fluidly connected
to an input internal passage 1005 that is, in turn, fluidly
connected to an inlet of a monitor module (not shown).
Furthermore, an output internal passage 1007 connects
the outlet of the monitor module to an output port 1009
of the threaded input portion 1011. Accordingly, when
the probe adaptor 1000 is mounted onto an oil filled asset
by way of a single valve, the output port 1009 will dis-
charge oil leaving the monitor module into the annular
region within the valve that surrounds the retractable
probe member 1001. Thus, the input and output ports
form a dual passage structure within the combination cre-
ated by the threaded input portion 1011 and the module
coupler 1107. Advantageously, this retractable probe
configuration allows for a monitor module to be attached
to an oil filled asset by way of a single valve. Also due to
the customizability of the length of the retractable probe
member 1001, oil may be drawn from a position inside
the asset that, is spatially separated from the return port
of the adaptor, thereby ensuring that the probe draws a
new oil sample for monitoring rather than drawing oil just
discharged from the output port 1009.
[0043] FIGS. 11A-11B show examples of the probe
adaptor 1000 in a retracted configuration and an engaged
configuration, respectively, in accordance with one or
more embodiments. In this example, valve 1103 may be
a valve that is connected to an oil filled asset by way of
a coupler 1105. In the example shown in FIG. 11A, the
coupler is a circular plate that may be bolted or screwed
into an outer wall oil filled asset, e.g., a transformer and/or
LTC tank wall. The valve 1103 is then threaded into the
coupler to join the valve 1103 to the tank. Of course, the
coupler shown here is merely an example and any type
of coupler may be used without departing from the scope
of the present disclosure. The probe adaptor itself in-
cludes the threaded input portion 1011 and the retracta-
ble probe member 1001. The output end 1117 of the re-
tractable probe member 1001 is fixed to a module coupler
1107 that is configured to couple the adaptor 1000 to a
monitor module (such as that shown in, e.g., FIG. 1). In
accordance with one or more embodiments, the retract-
able probe member 1001 joined with the module coupler
1107 are able to slide into and out of the threaded input
portion 1011 as a single unit to allow the input end 1119
of the retractable probe member 1001 to be positioned
inside the asset being monitored.
[0044] FIG. 11A shows the probe adaptor 1000 in a
fully retracted configuration as would be the case during
installation of the adaptor. Once threaded input portion
1011 is threaded into the valve 1103, the retractable
probe member 1003 is then inserted into the asset until
it reaches a full engaged position as shown in FIG. 11B.
In the engaged position, the face 1113 of module coupler
1107 seals against the face 1115 of the threaded input
portion 1011 so that no oil is allowed to escape. In ac-
cordance with one or more embodiments, the module
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coupler 1107 and threaded input portion 1011 are drawn
together using an array of bolts or screws 1117 as shown
in FIG. 11B. One of ordinary skill will appreciate that many
different methods of sealing two surfaces are known in
the art and accordingly any known method may be used
without departing from the scope of the present disclo-
sure. One of ordinary skill will also appreciate that one
or both of the surfaces may be configured to house an
O-ring or gasket.
[0045] FIG. 34 shows a cross-sectional view of a probe
adaptor 1000 in a partially retracted configuration. In par-
ticular, FIG. 34 shows the dual passage structure found
within the module coupler 1107. Shown within the module
coupler is a portion of oil inlet passage 1005 through
which oil from the asset is extracted and an oil outlet
passage 1007 through which fluid is returned to the asset.
Also shown in FIG. 34 are two isolation valves 3403 and
3405 for isolating oil inlet passage 1005 and oil outlet
passage 1007. In addition, isolation valve 3407 may be
used to isolate the output portion 1007a of outlet passage
1007 from the transformer or LTC oil tank. Path 3409
shows roughly the oil return path (assuming the probe is
in the engaged position), while retractable probe member
1001 in combination with oil inlet passage 1005 forms
the input oil pathway. In accordance with one or more
embodiments, retractable probe member 1001 may be
formed of stainless steel tube, or the like.
[0046] FIG. 12 shows the system for monitoring asset
health by dissolved gas measurement and adaptor 1203
for mounting the system in the flow through configuration
in accordance with one or more embodiments. As shown
in FIG. 12, the adaptor 1203 includes inlet 1205 and outlet
1207 for extracting and returning asset oil from the oil
filtration subsystem 103a. Also optionally included within
adaptor 1203 is secondary oil pump 1209 and pressure
regulator 1211. In accordance with one or more embod-
iments, secondary oil pump 1209 may facilitate the
pumping of oil up to the height of the filtration subsystem
for return to a transformer main tank. For convenience,
elements within instrument 1201 common to FIG. 1 and
FIG. 2 are labeled with common numbers. In other em-
bodiments, the secondary oil pump 1209 is not necessary
and is therefore not present in the system.
[0047] FIG. 13 shows an example of flow through con-
figuration and a flow through adaptor in accordance with
one or more embodiments. Shown in FIG. 13 is an LTC
oil filtration system 1303 of the type used in transformers
in the power industry. Accordingly, the system 1303 gen-
erally includes known filters, pumps, power supplies, etc.
In accordance with one or more embodiments, a flow
through adaptor 1305 may be inserted into one of the
flow lines 1309 of the oil filtration system 1303 so as to
divert the oil to a monitor module 1307 for monitoring the
dissolved gas in the oil, as described above. Further-
more, the monitor module 1307 itself may be attached
to a two port monitor adaptor 1311 similar to that shown
in FIG. 8, except that in this case, an input port 1313 and
an output port 1315 leading to an inner input passage

and an inner output passage, respectively, are located
in the adaptor. Furthermore, the two port monitor adaptor
may include a valve 1317 for isolating the monitor module
from the system. The flow through adaptor 1305 thus
diverts oil being pumped through flow line 1309 of the oil
filtration system to input line 1319 of the monitor module
1307. Input line 1319 the monitor module 1307 connects
to the inner input passage (not shown) of the two port
monitor adaptor 1311. The oil is then directed into an
inlet 307 of the monitor module 1307, in a manner similar
to that shown in FIG. 12. The oil is then monitored for
dissolved gases, as described above. Oil is returned to
the filtration system by way of a fluid path defined by a
monitor outlet (e.g., outlet 325 in FIG. 12), an adaptor
outlet port 1315, return line 1321. An example of a flow
through adaptor is shown in FIG. 13B.
[0048] FIG. 14 shows test results from the system for
monitoring asset health by dissolved gas measurement
in accordance with one or more embodiments. The plot
shows the result of the system measuring ethylene and
acetylene in a closed oil filled system across different
temperature ranges (e.g., 20 to 55°C).
[0049] FIG. 15 shows test results from the system for
monitoring asset health by dissolved gas measurement
in accordance with one or more embodiments. The plot
shows the dynamic performance of the system, i.e., the
time to reach a steady state response. The example is
shown for ethylene, which reaches steady state in 17
minutes for this test.
[0050] FIG. 16 shows test results from the system for
monitoring asset health by dissolved gas measurement
in accordance with one or more embodiments. The plot
shows the comparison of the system with the known
method of headspace extraction that is an accepted IEEE
standard. An example of the calibration curve of ethylene
from 0 to 10,000ppm is showing correlation between the
system in accordance with one or more embodiments
and the headspace method.
[0051] FIG. 17 shows an example of the calibration
curve of acetylene from 0 to 10,000ppm showing a cor-
relation between the present disclosure and headspace
method.
[0052] FIG. 18 shows one example methodology that
may be used in the instrument that may use the gas con-
centrations shown in FIGS. 7-10 and convert them into
asset health and condition indicators. For example, in
the case of rapid rise in ethylene and acetylene and eth-
ylene/acetylene < 1, the condition of the LTC is normal,
thus triggering a "Normal" indicator, e.g., green light. No
action is necessary other than to monitor the sample on
a regular schedule appropriate under normal conditions,
e.g., every six months. However, if a rapid rate of rise of
acetylene above 1000 ppm is detected, a "Caution" in-
dication is triggered, e.g., a yellow light. Such condition
may be linked to mechanical activity in the LTC. Accord-
ingly, the appropriate response may be to put the LTC
on a watch list and sample every three months. Further-
more, if an ethylene rise of 1000 to 5000 ppm is detected,
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the ethylene rise is greater than the acetylene rise, and
the ratio of ethylene/acetylene is greater than 1, a "Warn-
ing" indication is triggered, e.g., amber light. Such an
indication might rise to the level that the problem is de-
tectable by the eye and repairs should be immediately
undertaken. This indication might be associated with an
LTC that is approaching "critical condition." Accordingly,
sample should be taken within one month and the LTC
should be replaced within 1-2 weeks if confirmation is
obtained by way of the lab analysis. Finally, an "Alarm"
state, e.g., a red indicator may be triggered if a massive
rate of rise of C2H4 accompanied by a ratio of ethyl-
ene/acetylene much greater than 1. Such a scenario like-
ly indicates major damage to the LTC that would require
a complete overhaul. Accordingly, the LTC may need to
be taken offline within 1 day. One of ordinary skill will
appreciate that many different methodologies may be de-
ployed in accordance with one or more embodiments and
that the above is laid out merely as one example. For
example, the warning light colors may vary, the specific
ratio of ethylene to acetylene at which different indicators
are set, etc. may vary without departing from the scope
of embodiments disclosed herein.
[0053] Advantageously the system for monitoring as-
set health by dissolved gas measurement in accordance
with one or more embodiments disclosed herein may be
a dedicated system to measure the asset health of a
transformer or a LTC. For example, in the case of a ded-
icated a monitor module dedicated to a LTC, the module
may be deployed using either a flow-through installation
adaptor or signal valve installation adaptor as described
above. Furthermore as a result of the ability to dedicate
the module to the monitoring of an LTC, the software and
hardware may be further adapted to compute various
gas ratios on line, i.e., by way of a permanently installed
on-line monitor module that is attached to the LTC, e.g.,
ethylene/acetylene without the need to take a sample
and perform offsite lab tests. In addition, as a dedicated
LTC instrument, the system may comply with the IEE
standard for dissolved gas analysis in transformer load
tap changers, or Std C57.139-2010.
[0054] Furthermore, in accordance with one or more
embodiments, the system may allow for alarm conditions,
such as those described above in reference to FIG. 18
for not only gas ratios, but also alarm limits may be set
for gas quantity (e.g., in ppm), or rate of change of gas
quantity.
[0055] FIGS. 19-32 show additional examples of test
data for the instrument.
[0056] While the invention has been described with re-
spect to a limited number of embodiments, those skilled
in the art, having benefit of this disclosure, will appreciate
that other embodiments can be devised which do not
depart from the scope of the invention as disclosed here-
in. Accordingly, the scope of the invention should be lim-
ited only by the attached claims.

Claims

1. A method for analyzing gas dissolved within a fluid
filled asset, the method comprising:

extracting the fluid from the fluid filled asset;
circulating the fluid though a first fluid loop (301);
passing the extracted fluid along a first side
(305a) of at least one gas permeable membrane
(305);
extracting gas from a second side (305b) of the
at least one gas permeable membrane (305);
circulating the extracted gas through a second
fluid loop (303), wherein the first fluid loop (301)
and the second fluid loop (303) are separated
by the at least one gas permeable membrane
(305);
providing the extracted gas to a gas analysis
unit disposed within the second fluid loop (303);
and
periodically determining a chemical makeup of
the extracted gas using the gas analysis unit,
characterized by that the method includes the
step of controlling a pressure differential across
the at least one gas permeable membrane (305)
to a predetermined pressure differential.

2. The method of claim 1, wherein controlling the pres-
sure differential comprises:

measuring a first pressure applied to the first
side (305a) of the at least one gas permeable
membrane (305);
measuring a second pressure applied to the sec-
ond side (305b) of the at least one gas perme-
able membrane (305), wherein the second side
(305b) of the at least one gas permeable mem-
brane (305) is disposed within the second fluid
loop (303); and
controlling a fluid pump (315) disposed in the
first fluid loop (301) to control the pressure dif-
ferential based on the measured first and sec-
ond pressures.

3. The method of claim 1, wherein controlling the pres-
sure differential further comprises:

measuring a first pressure applied to the first
side (305a) of the at least one gas permeable
membrane (305), wherein the first side (305a)
of the at least one gas permeable membrane
(305) is disposed within the first fluid loop (301);
measuring a second pressure on the second
side (305b) of the at least one gas permeable
membrane (305), wherein the second side
(305b) of the at least one gas permeable mem-
brane (305) is disposed within the second fluid
loop (303);
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controlling a fluid pump (315) disposed in the
first fluid loop (301); and
controlling a gas pump (327) disposed in the
second fluid loop (303);
wherein controlling the gas pump (327) and fluid
pump (315) controls the differential pressure
based on the value of the first pressure and the
second pressure.

4. The method of claim 1, wherein the pressure differ-
ential across the at least one membrane (305) is
maintained at approximately 3.4 kPa (0.5 psi).

5. The method of claim 1, further comprising extracting
fluid from the fluid filled asset through a probe (913)
coupled to a single valve (105; 107) disposed on the
fluid filled asset and returning the extracted oil to the
single valve (105; 107).

6. The method of claim 5, wherein the probe (913) is
configured in a dual passage geometry comprising
a fluid inlet passage through which fluid from the as-
set is extracted and a fluid outlet passage through
which fluid is returned to the asset.

7. The method of claim 1, further comprising extracting
the fluid from the fluid filled asset through an inlet
valve disposed on a preexisting filtration unit (103a)
of the fluid filled asset and returning the fluid to an
outlet valve disposed on the preexisting filtration unit
(103a).

8. The method of claim 1, further comprising extracting
fluid from the fluid filled asset through a first valve
disposed on the fluid filled asset and returning the
fluid to the fluid filled asset through a second valve
on the fluid filled asset.

9. The method of claim 1, further comprising controlling
a temperature of the fluid circulating in the first fluid
loop (301), wherein the controlling the temperature
of the fluid circulating in the first fluid loop (301) com-
prises circulating the fluid through a heated reservoir
(419).

10. The method of claim 1, wherein determining the
chemical makeup of the extracted gas includes de-
tecting at least one gas selected from a group con-
sisting of C2H4, C2H2, H2, CO, H2O, CO2, CH4, C2H6,
O2, and N2.

11. The method of claim 1, wherein the fluid filled asset
is one selected from a group consisting of a dielectric
oil filled transformer (101) and a dielectric oil filled
load tap changer.

12. The method of claim 1, wherein the gas permeable
membrane (305) is a polymer membrane that is per-

meable to gas and impermeable to liquid.

13. A system for analyzing dissolved gas in a fluid filled
asset comprising:

a fluid extraction unit configured to extract fluid
from the fluid filled asset;
a fluid pump (315) configured to circulate the
fluid though a first fluid loop (301);
a gas extraction unit in the first fluid loop (301)
configured to extract dissolved gas from the cir-
culating fluid, the gas extraction unit comprising
at least one gas permeable membrane (305);
a gas pump (327) configured to circulate the ex-
tracted gas through a second fluid loop (303),
wherein the first fluid loop (301) and the second
fluid loop (303) are separated by the at least one
gas permeable membrane (305);
a gas analysis unit in the second fluid loop (303),
configured to receive the extracted gas, wherein
the gas analysis unit is further configured to pe-
riodically determine, at specific intervals, the
chemical makeup of the extracted gas, and
characterized by that the system further com-
prises a pressure control unit configured to con-
trol a differential pressure across the at least one
gas permeable membrane (305) to a predeter-
mined pressure differential.

14. The system of claim 13, wherein the pressure control
unit controls the pressure differential across the at
least one gas permeable membrane (305) by con-
trolling the fluid pressure in the first fluid loop (301).

15. The system of claim 13, further comprising:

a first pressure sensor (319) mounted in the first
fluid loop (301) and configured to measure a first
pressure applied to a first side (305a) of the at
least one gas permeable membrane (305)
wherein the first side (305a) of the at least one
gas permeable membrane (305) is disposed
within the first fluid loop (301); and
a second pressure sensor (335) mounted in the
second fluid loop (303) and configured to meas-
ure a second pressure applied to a second side
(305b) of the at least one gas permeable mem-
brane (305) wherein the second side (305b) of
the at least one gas permeable membrane (305)
is disposed within the second fluid loop (303),
wherein the pressure control unit controls a fluid
pump (315) disposed in the first fluid loop (301)
to control the differential pressure based on the
measured first and second pressures.
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Patentansprüche

1. Verfahren zum Analysieren von aufgelöstem Gas in
einer fluidgefüllten Anlage, wobei das Verfahren um-
fasst:

Extrahieren des Fluids aus der fluidgefüllten An-
lage;
Zirkulierenlassen des Fluids durch einen ersten
Fluidkreislauf (301);
Führen des extrahierten Fluids entlang einer
ersten Seite (305a) mindestes einer gasdurch-
lässigen Membran (305);
Extrahieren von Gas von einer zweiten Seite
(305b) der mindestens einen gasdurchlässigen
Membran (305);
Zirkulierenlassen des extrahierten Gases durch
einen zweiten Fluidkreislauf (303), wobei der
erste Fluidkreislauf (301) und der zweite Fluid-
kreislauf (303) durch die mindestens eine gas-
durchlässige Membran (305) getrennt sind;
Bereitstellen des extrahierten Gases für eine
Gasanalyseeinheit, die in dem zweiten Fluid-
kreislauf (303) angeordnet ist; und
periodisches Bestimmen einer chemischen Zu-
sammensetzung des extrahierten Gases unter
Verwendung der Gasanalyseeinheit,
dadurch gekennzeichnet, dass das Verfahren
den Schritt des Steuerns einer Druckdifferenz
über die mindestens eine gasdurchlässige
Membran (305) auf eine vorbestimmte Druck-
differenz umfasst.

2. Verfahren nach Anspruch 1, bei dem das Steuern
der Druckdifferenz umfasst:

Messen eines ersten Drucks, der auf die erste
Seite (305a) der mindestens einen gasdurchläs-
sigen Membran (305) aufgebracht wird;
Messen eines zweiten Drucks, der auf die zweite
Seite (305b) der mindestens einen gasdurchläs-
sigen Membran (305) aufgebracht wird, wobei
die zweite Seite (305b) der mindestens einen
gasdurchlässigen Membran (305) in dem zwei-
ten Fluidkreislauf (303) angeordnet ist; und
Steuern einer Fluidpumpe (315), die in dem ers-
ten Fluidkreislauf (301) angeordnet ist, zum
Steuern der Druckdifferenz auf der Basis des
gemessenen ersten und zweiten Drucks.

3. Verfahren nach Anspruch 1, bei dem das Steuern
der Druckdifferenz ferner umfasst:

Messen eines ersten Drucks, der auf die erste
Seite (305a) der mindestens einen gasdurchläs-
sigen Membran (305) aufgebracht wird, wobei
die erste Seite (305a) der mindestens einen gas-
durchlässigen Membran (305) in dem ersten

Fluidkreislauf (301) angeordnet ist;
Messen eines zweiten Drucks auf der zweiten
Seite (305b) der mindestens einen gasdurchläs-
sigen Membran (305), wobei die zweite Seite
(305b) der mindestens einen gasdurchlässigen
Membran (305) in dem zweiten Fluidkreislauf
(303) angeordnet ist;
Steuern einer Fluidpumpe (315), die in dem ers-
ten Fluidkreislauf (301) angeordnet ist; und
Steuern einer Gaspumpe (327), die in dem zwei-
ten Fluidkreislauf (303) angeordnet ist;
wobei beim Steuern der Gaspumpe (327) und
der Fluidpumpe (315) der Differenzdruck auf der
Basis des Werts des ersten und zweiten Drucks
gesteuert wird.

4. Verfahren nach Anspruch 1, bei dem die Druckdif-
ferenz über die mindestens eine Membran (305) bei
ungefähr 3,4 kPa (0,5 psi) gehalten wird.

5. Verfahren nach Anspruch 1, das ferner das Extra-
hieren von Fluid aus der fluidgefüllten Anlage durch
eine Sonde (913), die mit einem einzelnen Ventil
(105; 107) verbunden ist, das an der fluidgefüllten
Anlage angeordnet ist, und das Rückführen des ex-
trahierten Öls zu dem einzelnen Ventil (105; 107)
umfasst.

6. Verfahren nach Anspruch 5, bei dem die Sonde
(913) in einer Doppeldurchgangs-Geometrie ausge-
bildet ist, die einen Fluideinlassdurchgang, durch
den Fluid aus der Anlage extrahiert wird, und einen
Fluidauslassdurchgang, durch den Fluid zu der An-
lage zurückgeführt wird, aufweist.

7. Verfahren nach Anspruch 1, das ferner das Extra-
hieren des Fluids aus der fluidgefüllten Anlage durch
ein Einlassventil, das an einer bereits vorhandenen
Filtriereinheit (103a) der fluidgefüllten Anlage ange-
ordnet ist, und das Rückführen des Fluids zu einem
Auslassventil, das an der bereits vorhanden Filtrier-
einheit (103a) angeordnet ist, umfasst.

8. Verfahren nach Anspruch 1, das ferner das Extra-
hieren des Fluids aus der fluidgefüllten Anlage durch
ein erstes Ventil, das an einer bereits vorhandenen
Filtriereinheit angeordnet ist, und das Rückführen
des Fluids durch ein zweites Ventil an der fluidge-
füllten Anlage zu der fluidgefüllten Anlage umfasst.

9. Verfahren nach Anspruch 1, das ferner das Steuern
einer Temperatur des in dem ersten Fluidkreislauf
(301) zirkulierenden Fluids umfasst, wobei das Steu-
ern der Temperatur des in dem ersten Fluidkreislauf
(301) zirkulierenden Fluids das Zirkulieren des Flu-
ids durch ein erwärmtes Reservoir (419) umfasst.

10. Verfahren nach Anspruch 1, bei dem das Bestimmen
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der chemischen Zusammensetzung des extrahier-
ten Gases das Detektieren mindestens eines Gases
umfasst, das ausgewählt ist aus der Gruppe beste-
hend aus C2H4, C2H2, H2, CO, H2O, CO2, CH4,
C2H6, O2 und N2.

11. Verfahren nach Anspruch 1, bei dem die fluidgefüllte
Anlage eine ist, die ausgewählt ist aus der Gruppe
bestehend aus einem dielektrischen ölgefüllten
Transformator (101) und einem dielektrischen ölge-
füllten Stufenschalter.

12. Verfahren nach Anspruch 1, bei dem die gasdurch-
lässige Membran (305) eine Polymermembran ist,
die für Gas durchlässig und für Flüssigkeit undurch-
lässig ist.

13. System zum Analysieren von aufgelöstem Gas in
einer ölgefüllten Anlage, das aufweist:

eine Fluidextrahiereinheit, die derart ausgebil-
det ist, dass sie ein Fluid aus der fluidgefüllten
Anlage extrahiert;
eine Fluidpumpe (315), die derart ausgebildet
ist, dass sie das Fluid durch einen ersten Fluid-
kreislauf (301) zirkulieren lässt;
eine Gasextrahiereinheit in dem ersten Fluid-
kreislauf (301), die derart ausgebildet ist, dass
sie aufgelöstes Gas aus dem zirkulierenden Flu-
id extrahiert, wobei die Gasextrahiereinheit min-
destens eine gasdurchlässige Membran (305)
aufweist;
eine Gaspumpe (327), die derart ausgebildet ist,
dass sie das extrahierte Gas durch einen zwei-
ten Fluidkreislauf (303) zirkulieren lässt, wobei
der erste Fluidkreislauf (301) und der zweite Flu-
idkreislauf (303) durch die mindestens eine gas-
durchlässige Membran (305) getrennt sind;
eine Gasanalyseeinheit in dem zweiten Fluid-
kreislauf (303), die derart ausgebildet ist, dass
sie das extrahierte Gas aufnimmt, wobei die
Gasanalyseeinheit ferner derart ausgebildet ist,
dass sie in spezifischen Intervallen periodisch
die chemische Zusammensetzung des extra-
hierten Gases bestimmt,
dadurch gekennzeichnet, dass das System
ferner eine Drucksteuereinheit aufweist, die der-
art ausgebildet ist, dass sie einen Differenz-
druck über die mindestens eine gasdurchlässi-
ge Membran (305) auf eine vorbestimmte
Druckdifferenz steuert.

14. System nach Anspruch 13, bei dem die Drucksteu-
ereinheit die Druckdifferenz über die mindestens ei-
ne gasdurchlässige Membran (305) durch Steuern
des Fluiddrucks in dem ersten Fluidkreislauf (301)
steuert.

15. System nach Anspruch 13, das ferner aufweist:

einen ersten Drucksensor (319), der in dem ers-
ten Fluidkreislauf (301) montiert ist und derart
ausgebildet ist, dass er einen ersten Druck
misst, der auf eine erste Seite (305a) der min-
destens einen gasdurchlässigen Membran
(305) aufgebracht wird, wobei die erste Seite
(305a) der mindestens einen gasdurchlässigen
Membran (305) in dem ersten Fluidkreislauf
(301) angeordnet ist; und
einen zweiten Drucksensor (335), der in dem
zweiten Fluidkreislauf (303) montiert ist und der-
art ausgebildet ist, dass er einen zweiten Druck
misst, der auf eine zweite Seite (305b) der min-
destens einen gasdurchlässigen Membran
(305) aufgebracht wird, wobei die zweite Seite
(305b) der mindestens einen gasdurchlässigen
Membran (305) in dem zweiten Fluidkreislauf
(303) angeordnet ist,
wobei die Drucksteuereinheit eine Fluidpumpe
(315) steuert, die in dem ersten Fluidkreislauf
(301) angeordnet ist, zum Steuern des Diffe-
renzdrucks auf der Basis des gemessenen ers-
ten und zweiten Drucks.

Revendications

1. Méthode d’analyse de gaz dissous dans un équipe-
ment rempli de fluide, la méthode comprenant :

l’extraction du fluide de l’équipement rempli de
fluide ;
la mise en circulation du fluide dans une premiè-
re boucle de fluide (301) ;
le passage du fluide extrait le long d’un premier
côté (305a) d’au moins une membrane perméa-
ble aux gaz (305) ;
l’extraction de gaz d’un deuxième côté (305b)
de l’au moins une membrane perméable aux
gaz (305) ;
la mise en circulation du gaz extrait dans une
deuxième boucle de fluide (303), dans laquelle
la première boucle de fluide (301) et la deuxième
boucle de fluide (303) sont séparées par l’au
moins une membrane perméable aux gaz
(305) ;
la fourniture du gaz extrait à une unité d’analyse
de gaz disposée dans la deuxième boucle de
fluide (303) ; et
la détermination périodique d’une composition
chimique du gaz extrait en utilisant l’unité d’ana-
lyse de gaz,
caractérisée en ce que la méthode comprend
l’étape de régulation d’une différence de pres-
sion au travers de l’au moins une membrane
perméable aux gaz (305) à une différence de
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pression prédéterminée.

2. Méthode selon la revendication 1, dans laquelle la
régulation de la différence de pression comprend :

la mesure d’une première pression appliquée
sur le premier côté (305a) de l’au moins une
membrane perméable aux gaz (305) ;
la mesure d’une deuxième pression appliquée
sur le deuxième côté (305b) de l’au moins une
membrane perméable aux gaz (305), dans la-
quelle le deuxième côté (305b) de l’au moins
une membrane perméable aux gaz (305) est dis-
posé à l’intérieur de la deuxième boucle de fluide
(303) ; et
la commande d’une pompe à fluide (315) dispo-
sée dans la première boucle de fluide (301) pour
réguler la différence de pression sur la base des
première et deuxième pressions mesurées.

3. Méthode selon la revendication 1, dans laquelle la
régulation de la différence de pression comprend :

la mesure d’une première pression appliquée
sur le premier côté (305a) de l’au moins une
membrane perméable aux gaz (305), dans la-
quelle le premier côté (305a) de l’au moins une
membrane perméable aux gaz (305) est dispo-
sé à l’intérieur de la première boucle de fluide
(301) ;
la mesure d’une deuxième pression sur le
deuxième côté (305b) de l’au moins une mem-
brane perméable aux gaz (305), dans laquelle
le deuxième côté (305b) de l’au moins une mem-
brane perméable aux gaz (305) est disposé à
l’intérieur de la deuxième boucle de fluide (303) ;
la commande d’une pompe à fluide (315) dispo-
sée dans la première boucle de fluide (301) ; et
la commande d’une pompe à gaz (327) dispo-
sée dans la deuxième boucle de fluide (303) ;
dans laquelle la commande de la pompe à gaz
(327) et de la pompe à fluide (315) régule la
différence de pression sur la base de la valeur
de la première pression et de la deuxième pres-
sion.

4. Méthode selon la revendication 1, dans laquelle la
différence de pression au travers l’au moins une
membrane (305) est maintenue à environ 3,4 kPa
(0,5 psi).

5. Méthode selon la revendication 1, comprenant en
outre l’extraction du fluide de l’équipement rempli de
fluide au travers d’une sonde (913) couplée à une
valve unique (105 ; 107) disposée sur l’équipement
rempli de fluide et le renvoi du pétrole extrait vers la
valve unique (105 ; 107).

6. Méthode selon la revendication 5, dans laquelle la
sonde (913) est configurée suivant une géométrie à
double passage comprenant un passage d’entrée
de fluide au travers duquel le fluide de l’équipement
est extrait et un passage de sortie de fluide au travers
duquel le fluide est renvoyé vers l’équipement.

7. Méthode selon la revendication 1, comprenant en
outre l’extraction du fluide de l’équipement rempli de
fluide au travers d’une valve d’entrée disposée sur
une unité de filtration pré-existante (103a) de l’équi-
pement rempli de fluide et le renvoi du fluide vers
une valve de sortie disposée sur l’unité de filtration
pré-existante (103a).

8. Méthode selon la revendication 1, comprenant en
outre l’extraction du fluide de l’équipement rempli de
fluide au travers d’une première valve disposée sur
l’équipement rempli de fluide et le renvoi du fluide
vers l’équipement rempli de fluide au travers d’une
deuxième valve sur l’équipement rempli de fluide.

9. Méthode selon la revendication 1, comprenant en
outre la régulation d’une température du fluide cir-
culant dans la première boucle de fluide (301), dans
laquelle la régulation de la température du fluide cir-
culant dans la première boucle de fluide (301) com-
prend la circulation du fluide au travers d’un réservoir
chauffé (419).

10. Méthode selon la revendication 1, dans laquelle la
détermination de la composition chimique du gaz ex-
trait comprend la détection d’au moins un gaz choisi
dans un groupe constitué de C2H4, C2H2, H2, CO,
H2O, CO2, CH4, C2H6, O2, et N2.

11. Méthode selon la revendication 1, dans laquelle
l’équipement rempli de fluide est un équipement
choisi dans un groupe constitué d’un transformateur
(101) rempli d’huile diélectrique et d’un changeur de
prise rempli d’huile diélectrique.

12. Méthode selon la revendication 1, dans laquelle la
membrane perméable aux gaz (305) est une mem-
brane polymère qui est perméable aux gaz et imper-
méable aux liquides.

13. Système d’analyse de gaz dissous dans un équipe-
ment rempli de fluide comprenant:

une unité d’extraction de fluide configurée pour
extraire le fluide de l’équipement rempli de
fluide ;
une pompe à fluide (315) configurée pour faire
circuler le fluide dans une première boucle de
fluide (301) ;
une unité d’extraction de gaz dans la première
boucle de fluide (301) configurée pour extraire
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le gaz dissous du fluide en circulation, l’unité
d’extraction de gaz comprenant au moins une
membrane perméable aux gaz (305) ;
une pompe à gaz (327) configurée pour faire
circuler le gaz extrait au travers d’une deuxième
boucle de fluide (303), dans lequel la première
boucle de fluide (301) et la deuxième boucle de
fluide (303) sont séparées par l’au moins une
membrane perméable aux gaz (305) ;
une unité d’analyse de gaz dans la deuxième
boucle de fluide (303), configurée pour recevoir
le gaz extrait, dans lequel l’unité d’analyse de
gaz est en outre configurée pour déterminer pé-
riodiquement, à des intervalles spécifiques, la
composition chimique du gaz extrait et
caractérisé en ce que le système comprend en
outre une unité de régulation de pression confi-
gurée pour réguler une différence de pression
au travers de l’au moins une membrane perméa-
ble aux gaz (305) à une différence de pression
prédéterminée.

14. Système selon la revendication 13, dans lequel l’uni-
té de régulation de la pression régule la différence
de pression au travers de l’au moins une membrane
perméable aux gaz (305) en régulant la pression de
fluide dans la première boucle de fluide (301).

15. Système selon la revendication 13, comprenant en
outre :

un premier capteur de pression (319) monté
dans la première boucle de fluide (301) et con-
figuré pour mesurer une première pression ap-
pliquée à un premier côté (305a) de l’au moins
une membrane perméable aux gaz (305), dans
lequel le premier côté (305a) de l’au moins une
membrane perméable aux gaz (305) est dispo-
sé à l’intérieur de la première boucle de fluide
(301) ; et
un deuxième capteur de pression (335) monté
dans la deuxième boucle de fluide (303) et con-
figuré pour mesurer une deuxième pression ap-
pliquée à un deuxième côté (305b) de l’au moins
une membrane perméable aux gaz (305), dans
lequel le deuxième côté (305b) de l’au moins
une membrane perméable aux gaz (305) est dis-
posé à l’intérieur de la deuxième boucle de fluide
(303),
dans lequel l’unité de régulation de la pression
commande une pompe à fluide (315) disposée
dans la première boucle de fluide (301) pour ré-
guler la différence de pression sur la base des
première et deuxième pressions mesurées.
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