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(57 ABSTRACT

A method and apparatus for quamtitative DGA (Diluted Gas
Aaalysis), providing quuntivative on-line readings ol gas pro

ductionfeonsumption that direetly cormesponds 10 the extent
ol Gaults in a power transformer. This quantitative DGA
method uses the oil Glling of the main lank of a power irns-
former as a measunng capacity, enabling a physical and
mathematical description of the dynamic behavior of all rel-
evani pases in s main nk and i its conservator. A strong
dynamic change of the comtent of u calibralion gas in the oil
filling of & main wnk of the vanstormer is deliberately
mduced for the determination of the oil throug hiflow between
the main link and the conservator. Subseguently, volumetric
Nows of all relevant gases i a transformer are caleulated from
a predetermined oil throug hflow, dynamic changes, and mea-
sured levels of all relevant gases that are in the main tank and
the conservator

9 Claims, 3 Drawing Sheets
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1
QUANTITATIVE MEASUREMENT OF
PRODUCTION AND CONSUMPTION OF
GASES IN POWER TRANSFORMERS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a method and apparatus for the
guaniitative measerement of the production or consumplion
of gases in power transformers and other high voltage wilites
immersed in a transformer oil under normal operational con-
ditiuns,

2. Description of Prior An

The existing solution Tor the identification und diagnosis of
fowlvs im power transformers related to their gas production or
consumption is based on the so-called DGA method (Diluied
Gos Analysis method), This method wilizes the Tact that
gases, which are either genermed directly in the transformer
or transported into it"s ol flling from the surrounding mr, are
under standard conditions fully dissolved inthe oil lling, To
detect whether the given gus is present in the transfonmer or
nod and i what concentration, a sample of ol from the oil
filling ol the given transformer is waken. Gases are then
extrcted from the oil under vacuum and Ted intw o DGA
amalyzer. The analyzer output gives arelatively high accuracy
reading of the content of selected gases contained in the
sampled otl,

This first step is followed by a diagnostic procedure, which
nhentifies gas sources and the cormesponding faults of 4 trans-
furmier, From the absolute values of measuned gases and Trom
therr proportional representition, the procedure determines
thie extent of specific Gaults in the transiormer.

However, the proctice shows  that such a diagnostic
miethod. especially the evalumion of the intensity of the aging
of cellulose materinls in the transformer, can be highly mis-
leading. The basic and ultimate deficiency of the current DGA
diagnostic of transtormer faults arises from an improper
description of the transportation of gases i the transformer.

Any transformer generlly represents an open syslem
where gases, under standard operational conditions (pro-
ducedfconsumed ), are diluted in the oil illing of the main
tank and transported out of or into the main ank by the oil.
The oil steadily flows between the main tank and the conser-
vitor (from where gases more or less freely escape intof
infiltrate from the atmaosphere).

The absolute content of a specific gas in the oil flling of a
transformer depends therelore not only on the extent ol o
specific foul (which producesfconsumes the specific gus ), but
also diepends on the intensity of the transpon of the specific
gas froim or ioto the oil Blling of the man tank of a s
former.

The apparent amd fundamental deficiency of the carrem
DGA diagnostics is thal this method pre-supposes that the
transport of gases oul of or into g ransformier is always mone
or less constant and dees not play any imponant role there.

This presumption is wrong, because the throughflow of the
onl between the main tank and the conservator sirongly varies
and, in the same way, varies the amount of gases. which
escape from and infiliruie into the transformer.

A high or low concentration of o specific gos in the oil
filling of the main tank of a ransformer is therefore not only
caused by cither a high or low prisluction or consumption of
a specific gas in the toanslormer. It may also be due 1o the
transport conditions ol this gas inor outol the oil filling of the
imain tank.

This problem can be iluseroed by a stmple hydraslic anal-
oy, The actual level of the water ina wnk depends not only
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o the inllow but also on the outllow of the water from a tink.
With the increase of the waler level m this tank, it could be
pre-suppose that this increase was induced by the increase of
the inflow. This inerense however could also be induced by
the decrease of the outlow of water, s0 by only looking i the
et level of the water in the tink, it is not possible 1o find
ol what actually cawsed the change

Moreover, under the guasi-eguilibriom condition (the
waler level in the tank remiains quasi-constant), it is simply
impossible to determine the inlow/oulow of the water inly
from this tank by a reading of the water level inthe tank only
Chiow many litres of water per second flow through the tank 7).

These facts illustrate the basic problem of the present DGA
diagnostic, becanse a simple reading of the absolute content
of gases in the ol filling of the transformer main wnk slone
cannot provide us with relevant information about pas
sources (faulis) or pos sinks (e.g, consumpion of O2) in this
system,

Theoretically. it s possible (o get o very high reading of the
specific gas (high level of water in the nk) by the low
production of a given gas from g corresponding internal fault
(very low mflow of the water in the tnk ) if o very low escape
{very low outflow ) of this gas (waterhis present [rom the main
tunk. On the other hand, the result could be a very low reading
of the same gas produced by a relatively big fault if there
exists @ strong throsghlow of the oil between the main ank
and the conservator thal intensively trunspons the gas out of
he main tank inlo the surrounding oir).

Because the transformer oil always serves as a “porter” of
diluted gases, only precise DGA diagnosiics of any Gaults is
impossible without the equally precise determination of the
oil throughflow between the main tank and the conservalor,

The problem is that this direct reading of the oil through-
flow is, wunder standan] operational conditions of a lruns-
former, very difficult or impractical, The ol throughlow is
here generally controlled by several different variables,
ey

the remperature of the transformer (the change of oil lem-

peraure induces the strong dilutation of the oil flling in
the main nk),

the temperature difference between the oil filling and the

surrcunding air, and

typical conslants Tor given trunsformers corresponding (o

its specitic design for the diameter, length and slope of
the tube connecting the upper part of the main wnk and
the bottom part of the conservitor,

Thi usual conception that the oil throughflow between the
main funk and the conservator is induced only by the dilata-
ton of the odl filling of the main tank 1s wrong and misleading.
Under standard operational conditions there always exists the
prermanent throughflow of eil betwesn both tanks induced by
the thermosiphon effect and its intensity is predominantly
affecting the temperature difference between the main tank
and conservator,

Any change ol the transformer lwempermure, lowd, or air
temperature thus inevitobly and immediately changes the oil
throughfow between the transformer tank and the conserva-
tor and subsequently the concemration of gases i the oil
filling of the transformer main tank, though it's own produc-
ton/eonsumplion of gases may nol change there,

In principle, a relatively negligible fault in the ransformer,
under given conditions, may be evalusted as a big Tault and
VICE-VETSA.

Muoreover, as already mentioned above, the current TGA
represents only so-called qualitstive diagnostics, By reading
the specific gas in the main ank of a ransformer, it can be
determined (qualiatively and exactly ) that there must exist o
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specific fault, but because the Mow of coresponding gus
cannii be messured, the extent of a specilic fault cannot be
quantified.

The present DGA, based on the quasi-equilibrium satura-
tion of the wil filling of the main tank of a transformer, there-
fore excludes any standard measuring method of the gas
pro<duction or consumption in a transformer in the technically
required measuring units of m's or kg/s.

The current DGA diagnostic then inevitably produces o
wide range of more or less anomalous or even wrong conclu-
sions of the status of the monitored transformer.

Generally, the current DGA diagnostic method has at least
three Tundamental drawhacks:

It does not respect the physical reality of the measured

system.

I works only under quasi-equilibrium conditions and is
therefore not able w quantify faulis in o transformer.

It is not able (o discriminate whether the measured growth
or decline of the level of the specific gas is caused by
either the growth or reduction of the fault, or by the
change of boundary conditions (i.e. by the change of the
transformer temperature, load cic. ).

SUMMARY OF THE INVENTION

The present invention is a method and apparatus for quan-
titative DGA using the oil filling (the volume of which can be
easily and precisely determined) of the main tank of a trans-
former as a measuring capacity enabling a precise physical
and mathematical description of the dynamic behaviour of all
relevant gases in its main tank and in its conservator.
AL first, o strong dynamic change ol the content of & so-
called calibration gas (not produced or consumed in o trans-
former] in the ol filling of a main ank of o transformer is
deliberntely induced for the determination of the oil through-
flow between the main wnk and the conservator, Subse-
quently, volumetric flows of all relevant gases in o trans-
former are caleulated from a predetermined oil throughflow,
dynamic changes. and measured levels of all relevant gases
that are in the main tank and the conservator.
More specifically, the method of the present invention is
generally based on on-line, time-related, DGA readings and o
dynamic approach to the diagnostics of faults of power trans-
farmers,
The method of quantitative measurement is buill on the
lollowing preswmplions:
The capacity of the oil filling of the main nk can be
precisely delermined wnd used as a measuring capacity
cnabling a precise physical and mathematical descrip-
tion of the dynamic behaviour of all pases in the main
Lank.
The oil throughflow between the conservator and the main
tunk is measured by the wtilization of the deliberate
dynamic change of the content of a se-called calibration
gas (which is nol produced or consumed in o trans-
former} in the main tank or the conservator:
the content of the calibration gas in the oil filling of the
tank is purposely changed (lowered or increased) wo
reach strong non-eguilibrium starting conditions

subsequently the following growth (or decling) of the
culibration gas content is read on-line not only in the
ol filling of the transformer tank bat in the conserva-
tor as well,

The Mows of all gases into'Trom the transformer tank are
then defined by;
mensuring of oil flow rate between the transformer tank

und the conservator,
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measuring the concentration of all relevant pases in the
transformer tank and in the conservator, and

eviluating actual concentration gradients of all relevant
guses in the main tank.,

To achieve a sulficient dynamic response in the calibration
gas concentration in the oil filling of the main tank and thus
the requested measurement accuracy, it is necessary for
either:

vacuum treatment of oil filling of the main tank (1o vacuum

treatment of oil filling of the main tnk, the oil filling is
degassed at first, then the content of the calibration gas
(and all other gases, as well) in the oil is substantially
reduced to get, and after the disconnection of the
vacuum gas separator the sulficient dynamic response in
i measured resaturation of the oil filing of the main tank
by the calibration gas (usually by nitrogen from the air
surroundings), or

saturation of the oil filling of the conservator by a special

calibration gas from an external source (not existing in
the transformer but inert), The fast growth of the content
of this gas in the conservator then induces the requined
dynamic response of the content of this gas in the oil
filling of the main wank.

Mevertheless, the calibration gas (K) must always itself
behave in the transformer as an inert gas (may not be pro-
duced or consumed there either). The dynamics of its con-
centration in the main tank (with volume Vn), can be
described by a differential equation:

Ve K sfali=io- UK ke (T (4]
where:
Yo ... ol volume of main tank
dCKndde ., . . saturstion gradient of calibration gas (K) in oil
filling of main lank
viv. .. volumetric oil fow between conservator and main tank
CK.kon . .. conieni of calibration gas in conservator (kon) oil
filling
CK.n . .. content of calibration gas in main tank (n) oil filling
dr . . . lime increment
This simplified mathematical model (for simplicity, the
temperature of the ransformer is assumed here (o be approxi-
mately constant) is the real diagnostic procedure and the
change of the temperature is of course taken into account.
This enables calculation of the first and very importan value
in the system—the vinual throughfow of the ofl between the
main tank and the conservilor;

= Wi (R il W OR k= CK, 1)

121

The virtual il fow (vo) will cause, for the continuously
measured level of the calibration gas in the main wnk (CK.n)
and in the conservator (CK. kon), the sscertained gradient of
the calibration gas (dCKn/di) in the main tank. The hasic
analytical approach based on the evaluation of the on-line
measured saturation curve of the calibration gas in the main
tank is shown st FIG. 1,

Subsequent evaluation of the production of the gas X by a
fuult in the main tank is easy, because each single gas X
behaves in the oil filling of the transformer tank as if it was
there alone, thus the dynamics of the pas concentration cian be
expressed by another differential equation:

Ve dOX, = vl O kom—CX 0 X (1)

Because the contents CX.kon and CX.n are continuously
measured as well, the gradient of the content of the gas X can
be evaluated in the same way as by the calibrution gas, and
because the volumetric Tow of the oil between the main tank
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and the conservator is known, the volumetric fow vX of faalt
gas X can be directly calculated as:

WX = Vid CX =y CX bom—CX ) (E1]
where:
vX ... volumetric low of the gas X produced by the fault X
in Lhe main tank
dCXondde . . . gradient of the gas concentration X in the main
Lunk
vo ... known volumetric flow of the oil between the conser-
vator and the main tank
CX.kon . .. content of the gas X measured in oil filling of the
CONSETVALOT
CXon ... content of the gas X measared in ol Gilling of the
miin Lank
In the other words, the volumetric flow of gases X (vx)
from the fault X inthe main wank ol a transformer can be easily
determined by means of measured, time-related change
(OX ndduy of the content of the gas X in the known oil volume
(Vo ol its main tank. corrected by the inflow (vooCX kon) of
the gos X from its conservator and the ouflow (vo-CX.n) of
this gas from its main tank.
I thee spimie way, it is possible o caleulae the consumplion
of the gas (02 in the main ank:

VerahU O = vo (OO ko —C O b1 (02 3

Because the oil volumetric flow vo and both 02-levels in
the main tank and the conservator and the O2-gradient in the
main tank dare known, the volumetric flow of the oxygen
comsumed by aging processes in the main tank cun be casily
evaluated. It can be expressed as:

WU =i OO, kon—C'O2, -V OOy i

YO2 L volumetric flow of the oxygen consumed in the main
tank

dCO2nfd . gradient of the oxygen content in the main tunk

vo . volumetric flow of oil between the conservator and the
miin tank

COLkon . . . oxygen content measured in oil flling of the
conservalor

COZn . - owygen content measured in oil filling of the main
tank

The advantage of this quantitative measurement of the
priduction or consumption of gases in a transformer, based
on this invention is, in panticular, the fact that such a measure-
ment method provides relevant quantitative on-ling readings
of gas production/consumption that directly corresponds 1o
e extent of faults in the transformer.

Anddher advantage of this measurement method is the pos-
sibility 1 check and recalibrate historical dats acquired by a
standard DGA method o eliminate or rectity wrong diagnos-
tic conelusions.

Ancther importunt benefit of such a method is the Tact that
this diagnostic procedure can be carried out any tme, on any
transformer without any adaplations, under normal opera-
tional conditions, and gives a real on-line picture of the prob-
lems of uny given ransformer.

BRIEF DESCRIPTION OF THE DRAWINGS

F1G. 1 shows the time-related reading of the calibration gas
in the main tank and the conservator of a transformer and the
evaluation of a gradient of the calibration gas in the main tank.

FIG. 2 schematically shows the device for the quantitative
measurement with the invention where the dynamic response
ol the content of a calibration gas in the main tank is achieved
by the vacuum tremtment of the oil in the main tank,
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FIG. 3 schematically shows the device for the gquantitative
measurement with the invention, where the Jdynamical
response of the content of a calibration gas in the main ank is
achieved by saturation of the il filling of the conservator by
the supply of the calibration gas from an external source

DETAILED DESCRIPTION OF THE INVENTION

An embodiment of the invention is shown in FIG. 2, and
primarily includes the wansformer 1, consisting of the main
tank 10, where the magnetic circuit 100 and the winding 101
is situated. The conservator 11 s located sbove the main wnk
10 and is connected by the connecting mube L1 In trn, from
the main tank 10, the degassing device 2, the DGA analyzer 3,
the hydraulic reversing switch 4 and the PCD (Process Con-
trol Device) 5 are linked.

The lower part of the main tank 10 is hydraulically con-
neeted by means of the botiom sumpling cock 14 and the
hottom tube 22 1o the degassing device 2. The middle pan of
thee main tank is hydraulically connected by the middle sam-
pling cock 15 and the middie mbe 21 1w ihe degassing device
2. The reversing switch 4 is connected by the pipe 31 1o the
upper smnpling cock 16 at the upper part of the main tank 10
The upper pipe 32 goes through the plug 112 located in the
upper pan of the conservator 11 and leads 1o the boltom part
ol the sphere. The DGA analyzer 3 is, through the sleeve 34,
connecied to the reversing swilch 4 und also connected by the
drainage tube 33 1o the bottom (ube 22,

The clectrical circuits of the first practical aspect of the
invention include measuring and control lines which connect
the PCIY 5 with the DGA analyzer 3, reversing switch 4 and
the degassing device 2. The first control line 83 connects the
PCI S with the DGA analyzer 3 and the second control line
54 connects the PCD 5 with the reversing switch 4. The third
control lineg connects the PCD 5 with the degassing device 2,
The PCID S is also connected by the communication line 5010
aremote PC (not shown),

A second embodiment of the invention is shown in FIG. 3,
and once again includes the transformer 1, the conservator 11,
the DGA anulyzer 3, the hydraulic reversing switch 4, the
calibration gos flask 6, and the PCD {Process Control Device)
5.

In this case, the lower pant of the main tnk 10 is by means
of the botom sampling cock 14 hydruulically connected by
the drainage pipe 33 to the DGA snalyieer 3. The upper part of
the main tank is by means of the upper sampling cock 16
hydraulically connected by the pipe 31 10 the hydraulic
reversing swilch 4. This switch is also by means of the upper
pipe 32 connected 1o the bottom part of the conservitor 11 and
by the sleeve 3 with the DGA analyzer 3. The conservator is
connected by the gas pipe 61 10 the servovalve 60 located w
the calibration gas Husk 6.

The electrical circuits of the embodiment of the invention
shown on FIG, 3 include measuring and control lines which
connect the PCD 5§ with the DGA analyzer 3, the reversing
switch 4 and the servo valve 60 ol the calibration gas Mask 6
The first conrol line 53 connects the PCD § with DGA
analyzer 3, The second contral line 54 connects the PCD S
with the reversing switch 4. The third control line connects
the PCD S with the servovalve 60 located on the Nask 6. The
PCD 5 is also connected by the measuring line 35 with the
DGA analyzer 3 and by the communication line 50 with g
remote PC (not shown).

The operation of the first embodiment of the invention
(FIG. 2) works in two basic steps. At lirst, the oil filling 12 of
thee main tank 10 s degassed by the degussing device 2 and the
content of the “natural™ calibration gus (nitcogen) in the oil is,
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in this way, strongly reduced. In the second step the degassing
device 2is shut down and the ofl filling 12 of the main tnk 10
is re-slurated by the nitrogen from the surrounding air
diluted in the oil inflowing from the conservator 11,

The entire diagnostic procedure, under normal conditions,
runs fully automatically. Only the bottom sampling cock 14,
middle sampling cock 15, and upper sampling cock 16 have 1o
be manually opened before the stan of the diagnostic proce-
dure.

The PCD 5 via the third control line 52 starts up the degas-
sing device 2 and simultaneously switches the threc-way
actuator 40 of the reversing swilch 4 inte pesition where the
ail from the main tank 10 Aows through the upper sampling
cocks 16, the pipe 31, the theee-way actunior 40 of the revers-
ing switch 4 and the sleeve M directly into the DGA analyzer
3. The DGA analyzer continuously measures the actual con-
tent of the calibration gas in the oil and the oil is then dis-
charged by the discharging pipe 33 and the bottom pipe 22
back into the oil filling 12 of the main tank 10,

The degassing device 2 gradually decreases the content of
the calibration gas in the oil filling 12 of the main tnk 10 and
when the content of the calibration gas sinks under a pre-

defined level, the PCIY S switches the degassing device 2 off

and it’s own diagnostic procedure beging,

Simultancously, in the pre-defined time interval, the PCD §
signal activated by the second control line 54 changes the
pusition of the three-way actuator 40 of the reversing switch
4 back and forth and the DOA anulyzer 3 reads reversely the
contents of all relevant guses in the oil inflow via the pipe 31
from the main tank 10 and via the upper pipe 32 from the
conservator 11, This is via the pipe 31 and from the conser-
vator 11 via the upper pipe 32, The PCD 5 then calculates the
throughflow of the oil between the main tank 10 and the
conservator L1 and subsequently the production of Fault gases

and e.g. consumplion of the O2 (measured in universally

accepted units).

The diagnostic procedure is terminated if the time-gradient
of the calibration gas andfor the difference between contents
of calibration gas in the main tank 10 and the conservator 11
becomes 1o low. As a resull, nol only the precision of the
reading, bul also the precision of the evaluation of the il
throughflow between the main tank and the conservator
decreases under a pre-defined limit

The attainable time span of the tirst on-line DGA diagnos-
lic procedure integral to the invention under standard condi-
lions exceeds severnl months (for example, two or more
maonths) and enables therefore o very good monitoring of ull
relevant faulis and their sensitivity to changes of actual
parameters of the transformer.

The operation of the second embadiment of the invention
(FIG. 3) works with two basic steps:

with the saturation stage, where the coment of the calibra-

tion gas in the main ank, due 10 the external supply,
increases, and

with the de-saturation stage, where the calibration gas

freely escapes from a transformer into the surrounding
i

The PCLD 5 opens the servovalve 60 via the third control
line 52 at the pressurized calibration gas storage flask 6 and
the calibration gas Mows through the gas be 61 into the
conservator 11 and diffuses into its oil filling. It is subse-
quently transported by the ol into the main wnk 10,

The DGA unalyzer 3 continuously reads increasing content
of the calibration gos in the oil filling 12 of the main tank 10,
and il its time-gradient exceeds a pre-defined limit, it's own
diagnostic procedure begins (the precision of the measure-
ments and evaluation are taken for granted),
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The PCI 5, in the pre-defined time interval, changes, via
the signal of the second control line 54, the position of the
three-way actuator 40 of the reversing switch 4 back and
forth. The DGA analyeer 3 reads in reverse the contents of all
relevant gases in the oil inflowing from the main tank 10 vig
pipe 31 and from the conservator 11 via upper pipe 32. The
PCD 5 then calculates the actual throughflow of the oil
between the main tank 10 and the conservator 11 and subse-
quently the production of fault gases and e.g. consumption of
the 02 {measured in universally accepted units, ¢.g. mi/day).

The attainable time-interval of on-line DGA dingnostic
procedure under standard conditions is, in this case, virtually
unlimited and depends, in principle only, on the storage
capacity of the flask 6.

If, during the saturation stage of the oil filling of a trans-
former, the gradient of the calibration gas in the oil filling of
its main tank becomes lower thun a pre-defined limit (the gas
level in the oil filling gets near the saturation level) the ser-
vovalve 60 is closed, stopping the inflow of the calibration gas
in the conservator 11, The measuring system then changes
into the second, de-saturation stage where the calibration gas
freely escapes from the transformer 1 in the surrounding air,
The content of the calibration gas in the oil filling 12 of the
main tank 10 adequately decreases and this dynamic process
cin be utilized again for the measuring of gas flows in the now
measured sysiem in the same way as belore.

If the gradient of the calibration gas in the oil filling 12 of
the main tank 10 sinks under a pre-defined limit, the servov-
alve 60 on the flask 6 opens again and the measuring process
starts from the beginning.

In this way the second on-line DGA diagnostic procedure
integral (o the invention enables, in principle, an unlimited
on-line monitoring of pertinent faults and their sensitivity to
changes of setwal parameters of a transformer (only the cali-
bration gos flask must be changed regulariy ),

Although the invention has been described with reference
to the preferred embodiments illustrated in the attached draw-
ings, it is noted that equivalents may be emploved and sub-
stitutions made herein without departing from the scope of
the invention as recited in the claims.

Having thus described a preferred embodiment of the
invention, what is claimed as new and desired Lo be protected
by Letters Patent includes the following:

1A method of quantitative measurement of production or
consumption of gases ina power ransformer, comprising the
steps of!

providing a power transformer including:

a main tank including o magnetic circuit, a winding, a
hotlom sampling cock, a middle sampling cock and an
upper sampling cock:

d conservalor having an upper parl, said upper part
including a plug;

a connecting tube Nuidically connecting the upper purt
of the conservator to the main tank;

providing a quantity of oil in the main tank;

providing a calibration gas in the main tank;

determining the internal volume of the oil in the main wnk

o provide a measuring capacity;

determining a flow of oil flow in the connecting tube

between the conservator and the main wnk; and

measuring the deliberate dynamic change of the content of
the calibration gas in the main tank.

2. A method of quantitative measurement of production or
consumption of gases as set forth in claim 1, including the
steps of actively changing the amount of the calibration gas in
the main tank by a measuring device coupled o the trans-
tormer o produce non-equilibrivm starting conditions, mea-
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suring the amount of the calibration gas in the oil in the main
tank and the conservator, and calculating the flow of oil
between the main tank and the conservator.

3. A method of guantitative measurement of production or
consumption ol gases as set forth in claim 2, including the
step of continuously measuring the amount of all gases in the
main tank and in the conservator, and thereafter calculating
the production or consumption of gases in the main tank
according to the flow of oil between the main tank and the
conservator.

4. A power transformer comprising:

a main tank including a magnetic circuil, a winding, a
bottom sampling cock, a middle sampling cock and an
upper sampling cock;

a conservalor having an upper part;

a connecting tube fluidically connecting the upper part of
the conservator to the main tank;

a device for determining the quantitative measurement or
production of gases in the transformer comprising:

a degassing device:

a diluted gas analysis (DGA) analyzer;

a reversing switch having a three way actuator;

a first pipe fluidically connecting said reversing switch
with said upper sampling cock to said main tank;

a process control device (PCD):

a middle tube fuidically connecting said degassing
device 1o said main tank via said middle sampling
cock:

a bottom tube fluidically connecting said degassing
device to said main tank via said bottom sampling
cock;

asecond pipe connecting said conservator 1o said revers-
ing swiich;

a conduit Nuidically connecting said bottom tube to said
DGA analyzer;

a first control line operatively connecting said PCD to
said DGA analyzer;

asecond control line operatively connecting said PCD o
said reversing switch; and

a third control line operatively connecting said PCD to
said degassing device,

5. A power transformer as set forth in claim 4, said upper
part of said conservator including a plug, wherein said second
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pipe is connected 1o said plug for fluidically connecting said
conservator 1o said reversing switch.

6. A power transformer as set forth in claim 4, further
including a connecting line adapted for electronically cou-
pling said PCD to a computer.

7. A power transformer comprising:

a main tank including a magnetic circuit, a winding, a
bottom sampling cock. a middle sampling cock and an
upper sampling cock:

a conservator having an upper part;

a connecting tube fluidically connecting the upper par of
the conservator 1o the main tank:

a device for determining the quantitative measurement or
production of gases in the transformer comprising:

a flask containing a quantity of calibration gas:

a gas twbe fluidically connecting said Mask 1o said con-
servator;

a valve connected to said gas ube fluidically intermedi-
ate said fMask and said conservator,;

a diluted gas analysis (DGA) analyzer:

a reversing swilch having a three way actuator;

a first pipe fluidically connecting said reversing swilch
with said upper sampling cock to said main tank;

a process control device (PCDY;
a bottom tube Nuidically connecting said DGA analyzer
to said main tank via said bottom sampling cock:
asecond pipe connecting said conservator Lo said revers-
ing switch;

a lirst control line operatively connecting said PCD to
said DGA analyzer;

asecond control line operatively connecting said PCD 1o
said reversing switch; and

a third control line operatively connecting said PCD 1o
said valve for controlling the flow of gas through said
£as tube.

8. A power transformer as set forth in claim 7, said upper
part of said conservator including a plug, and wherein said
second pipe is connected to said plug for fuidically connect-
ing said conservator Lo said reversing switch.

9. A power transformer as set forth in clmm 7, further
including a connecting line adapted for electronically cou-
pling said PCD to a computer.
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