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by the size of the well bore and other known factors. Also, even though
batteries can be re- This invention relates generally to downhole    placed
so that operations can be continued, such tools energized by self-contained
power supply ap-  replacement requires a trip of the pipe string in paratus
and, in particular, to an electrical power   5   which the battery packs
are incorporated out of and supply apparatus for use in a downhole tool.
back into the well bore, thereby increasing the In drilling and completing
oil or gas wells,    expense of the operation. Such battery packs also
various activities need to be performed downhole.   have limitations as to
the types of wells in which For example, downhole pressure and temperature
they can be readily used; this is specifically refer- readings need to be
taken when conducting a drill  10  ring to deep wells (e.g. wells from two
to five miles stem test, and perforating guns need to be ac-     (3 to 8
km) deep) because of the high pressures tivated when perforating a casing
prior to fracturing  and temperatures which are encountered in these a
formation: These two specific operations, as well  wells and which can
detrimentally affect the chemi- as many others, are performed by tools
which        cal operations within the battery cells. need to be energized
when the tools are at their  15  US-A-3666030 describes an electrical
energy downhole locations. This energization is typically  source for a
downhole tool, which source com- electrical energization, at least during
some phase  prises housing means, means disposed in the of the downhole
operation.                          housing means for providing mechanical
motion; In the past and at present, such electrical ener-  conversion means
disposed in the housing means ization has been and is provided through a
20  for converting the mechanical motion to energy wireline from a source
at the surface or through a  usable by the tool, and connecting means for
con- self-contained battery pack located within the      necting the energy
from the conversion means to downhole tool. The cells in the battery pack
have  the tool. In the particular arrangements described, been chemical
batteries, such as silver oxide or    a magnet is moved relative to a coil
to generate lithium types. The use of fuel cells (e.g. containing   25
electrical energy. liquid hydrogen and oxygen) in a self-contained
We have now devised an improved such power pack has been contemplated, but
we believe the     supply apparatus. In accordance with the present use of
such cells has not been commercially imple-  invention, such apparatus is
characterised in that mented.
said housing means is adapted to be received One shortcoming of the
wireline energization   30   within a receptacle of the downhole tool; a
fuel technique is the relative difficulty in using the   capsule is
removably retained inside said housing wireline rather than merely using a
"slick line" or  means, said fuel capsule including a radioisotope
retaining cable, which relative difficulty is well rec-  for generating
thermal energy; said means is a ognized in the industry. Additionally,
because of   Stirling cycle engine means for converting said the length of
the wireline, electrical losses occur  35  thermal energy to mechanical
motion; and wherein which would not occur if the power supply were     said
connecting means communicate externally of wholly contained within the
downhole tool. Finally,  said housing means. the requirement of a wireline
does not lend itself to  The invention also includes a method of en-
long-term tests, as the wireline truck or skid and  ergizing an electrical
circuit contained in a down- power supply must remain at the well site.
More-  40  hole tool used in an oil or gas well, comprising over, the
presence of a wireline or any cable in the  initiating mechanical motion in
a housing and con- well bore prohibits quickly closing off the well in an
verting said motion into electrical energy; charac- emergency unless one is
willing to cut the wireline  terised by inserting a fuel capsule into said
housing or cable and then "fish" it out at a later time.   in heat transfer
relationship with a Stirling cycle Although battery packs overcome the two
45  engine retained in said housing, said fuel capsule aforementioned
shortcomings of wireline energiza-  including a radioisotope; inserting
said housing into tion, the battery packs have relatively limited op-  the
downhole tool; and electrically connecting the erating lives and electrical
capacities whereby the  electrical circuit to a linear alternator disposed
in operation of' the downhole tool, both as to how     said housing and
mechanically connected to said much can be driven by a battery pack and as
to  50  Stirling cycle engine. how long energization can be sustained, is
limited.    The invention further comprises a downhole When testing
multiple parameters or conducting a    tool for an oil or gas well which
tool includes a long-term test, e.g. weeks or months, such limita-  system
requiring energy from a power supply, ions become particularly apparent.
Although more   characterised in that the tool has a receptacle batteries
can be added to provide more capacity,  55  therein which contains a power
supply apparatus of such additional batteries at some point can no    the
invention. longer be acommodated because of the size con-        The
invention thus provides an improved long- straints which are imposed upon
all downhole tools  term, power supply apparatus for a downhole tool 2  



3     EP 0 238 337 B1   4 which apparatus is self contained and wholly
moun-   string in which downhole tool 6 is incorporated or ted within the
downhole tool for obviating the ne-  disposed. cessity of a wireline,
thereby achieving an advan-      The downhole tool 6 has an electrical
circuit or tage similar to that of the battery packs. Further-  system  8
for performing a function of whatever more, however, the apparatus can
overcome the   5   type might be needed in the downhole environment
shortomings of battery packs by providing for a  of the well 2. Specific
examples of the downhole longer operating life and by providing for more
tool 6, but not by way of limitation, are an elec- output capacity within a
smaller volume than are    tronic pressure and temperature gauge or an
provided by the known battery packs, and by pro-     electrically-actuated
perforating gun. The electrical viding for reliable usage even in deep
wells where   10  circuit 8 is disposed or contained in a suitable
temperatures are greater than those in which pres-  housing 10 of a type
known to the art. ently availabe batteries can operate.
The housing 10 has a receptacle 12 for receiv- The present invention can
combine nuclear,     ing a power supply 14 which provides the electrical
mechanical and electrical aspects into an overall    energization to which
the electrical circuit 8 re- combination having the following features and
ad-   15  sponds, thereby enabling the function to be per- vantages: very
high power density, stable opera-     formed. In the preferred embodiment
subsequently tion, long operating life, and minimal moving parts
described, the power supply 14 is a radioisotope which neither rotate nor
require a lubricating sys-  thermomechanical electrical generator (thus the
la- tem or valves. The apparatus of the present inven-  bel R.T.E.G. used
in FIG. 1). tion can be simple, reliable and relatively inexpen-   20  In
the preferred embodiment the receptable 12 sive.
is sized to accommodate the size of the power In one embodiment of the
apparatus of the     supply 14 subsequently more particularly specified.
invention, the electrical energy generator includes a  The size
specifications or limitations are important linear alternator.
in the preferred embodiment of the present inven- In the method of the
invention, there can be   25  tion in that they provide a more compact
self- generated, at the output of the linear alternator and  contained
power supply than is provided by battery in response to the radioisotope,
an electrical output  packs known for similar applications. This is of
within the range between approximately 0.5 watts     considerable
significance to a downhole tool de- and approximately 2.5 watts, for
example, for ap-    signer who must work within some absolute size
plication to the electrical circuit of the downhole  30  constraints
imposed by the size of the well bore, tool. In a preferred embodiment, this
output is      the tubing disposed in the well bore, and the for- achieved
while constraining the linear displacement  mation with which the tool is
to be used, for exam- of a movable member of the linear alternator to
ple. approximately 3.2mm (1/8 inch) relative to a stator    With reference
to FIG. 2, the preferred embodi- of the linear alternator. The step of
inserting the   35   ment of the power supply 14 will be described. housing
into the downhole tool includes retaining  Broadly, the power supply 14
includes housing the housing within a receptacle region having a    means
16 for being received within the receptacle diameter of approximately
25.4mm (one inch) and     12 of the housing 10 of the downhole tool 6. The
a length of not greater than approximately 610mm  power supply 14 also
includes thermal energy (twenty-four inches).                          40
source means 18, disposed in the housing 16, for In order that the
invention may be more fully   generating thermal energy which powers an
exter- understood, embodiments thereof will now be de-     nal combustion
engine means 20, also disposed scribed by way of illustration only, with
reference to  within the housing 16, for converting the thermal the
accompanying drawings, wherein:                energy into mechanical
motion. The external com- FIG. 1 is a schematic illustration of a well
having   45   bustion engine means 20 is a Stirling cycle engine a downhole
tool including a power supply con-    having a driving output coupled to
conversion structed in accordance with the present inven-  means 22, also
disposed within the housing 16, for tion;
converting the mechanical motion from the engine FIG. 2 is a diagram of a
preferred embodiment     20 to energy usable by the system 8 within the of
the power supplyapparatus of the present  50  downhole tool 6. Since the
system 8 is an electrical invention.
system in the illustrated preferred embodiment, this Schematically
illustrated in FIG.1 is a well 2,  energy is, of course, electrical energy;
however, particularly an oil or gas well, at the mouth of which  other
suitable output energies could be derived in is disposed a conveyancing
means 4, such as a       correspondence with the nature of some other type
winching system of a more complex design than is  55  of functional system
which might be used in the schema tically shown in FIG.  1, for lowering
and  downhole tool 6 in place of the electrical system 8. raising a
downhole tool 6. Conveyancing means 4      Also included in the power
supply 14 are transfer is also contemplated to include a pipe or tuning
means for transferring thermal energy from the 



3    5               EP 0 238 337 B1                    6 thermal energy
source 18 to the engine 20 and     least in part, a suitable radioisotope
having a half- means for connecting the output from the conver-  life
sufficient to provide a sufficiently long-lived sion means 22 to the system
8.                    primary energy source for the power supply 14 so The
housing 16 of the preferred embodiment is  that power source replacements
are not needed defined by a tubular member 24 having a cylin-   5   once an
operation commences, thereby making drical side wall 25 with a maximum
outer diameter  extra trips out of and into the well unnecessary. of,
preferably, not greater than approximately    There is a sufficient
quantity of the radioisotope in 2.54cm (one inch) and an outer length of,
prefer-  the fuel capsule 36 so that the power supply 14 ably, not greater
than approximately 61cm (twenty-  has an overall electrical output within
the range of four inches). More broadly, the maximum outer  10
approximately 0.5 watt to approximately 2.5 watts. diameter is less than
the inner diameter of the   In the preferred embodiment it is specifically
con- downhole tool 6 and the outer length is less than  templated that the
electrical output from the con- the length of the downhole tool so that the
housing  version means 22 need be only something less 16, and thus the
entire power supply 14, can be  than approximately one watt, which output
is ulti- fully received entirely within the downhole tool 6.  15   mately
the result of the capacity of the radioisotope The specific dimensions are
particularly advanta-  primary power source contained in the fuel capsule
geous because they are significantly less than typi-  36. The fuel capsule
36 is removable from the cal dimensions of battery packs which are now
housing 16 independently of any of the other com- accommodated in downhole
tool designs. Thus,      ponents of the power supply 14 so that this pri-
with the present invention a more compact overall  20  mary fuel source can
be readily replaced if ulti- downhole tool is provided, thereby saving
material  mately needed. The fuel capsule 36 is surrounded and fabrication
costs.                            by a suitable heat transfer medium, such
as a heat At one end of the tubular member 24 there is   pipe, defining the
transfer means for transferring an opening 26 through which the thermal
energy    the thermal energy generated by the radioactive source 18 can be
moved into and removed from   25  decay of the radioisotope within the fuel
capsule 36 the housing 16. In the FIG. 2 embodiment, this    to the
external combustion engine 20. opening 26 is defined through an end wall 28
of the   As previously mentioned, the external combus- tubular member 24.
This end wall 28 is disposed   tion engine means 20 is a Stirling cycle
engine. transversely to the cylindrical side wall 25 of the  The Stirling
cycle is a well known thermodynamic tubular member 24. The opening 26 is
closable by   30  cycle and various engines operating in accordance means
of a closure cap 30 which is connected by   with this cycle are well known.
In general, these mating threads within the opening 26. Because the
engines have two pistons: one of which is referred thermal energy source 18
is received in this end of  to as a displacer for moving a working gas
between the tubular member 24, the interior surface of the  hot and cold
chambers, and the other of which is end wall 28 and this portion of the
tubular member  35  referred to as a power piston for providing a me- 24
are lined with a suitable insulation material 32.  chanical motion output.
The movements of these Alternatively, the tubular member 24 can be
pistons are in response to thermal energy, or heat, constructed in two
sections which are threadedly  from the radioisotope of the fuel capsule
36. As connected as at reference numeral 33 shown in       shown in FIG. 2,
the Stirling cycle engine is dis- FIG. 2. With this construction no end
opening 26   40  posed adjacent the fuel member 36 so that the and closure
cap 30 are needed so that the end wall  heat generated by the radioactive
decay of the 28 is continuous across the entire end area of that
radioisotope in the fuel capsule 36 is transferred to portion of the
tubular member 24; this permits    the Stirling cycle engine through the
heat transfer better insulating of the thermal energy source 18.  medium
within the volume surrounding the capsule Other suitable constructions of
the housing 16 and   45  36. In FIG. 2 the Stirling cycle engine is
specifically other suitable techniques for inserting and remov-  identified
by the reference numeral 38, and the ing the thermal energy source 18 can,
of course,  mechanical motion is provided through a coupling also be used
as would be well known in the art.   member 40, such as the piston rod of
the power The other end of the tubular member 24 has     piston known to be
contained within the Stirling an end wall 34 disposed transversely to the
side   50  cycle engine 38. wall 25. This end wall 34 is spaced linearly
from     The conversion means 22 is connected to the the end wall 28 at the
opposite end of the cylin-  coupling member 40 so that the conversion means
drical side wall 25.                              22 is actuated by that
motion, which motion is The thermal energy source 18, movable into
derived in response to the thermal energy from the and out of the housing
16 through the opening 26   55  thermal energy source means 18. In the
preferred (or other suitable alternative construction), is in the
embodiment shown in FIG. 2, the conversion 



preferred embodiment a unitary member construct-  means 22 is an electrical
energy generator ed in the form of a fuel capsule 36 made of, at
(specifically identified as a linear alternator 42) 4    7
EP 0 238 337 B1                     8 which generates a voltage across two
terminals 44,  within the step of inserting the housing into the 46. For
the specific embodiment including a linear   downhole tool the step of
retaining the housing alternator, this form  of the conversion means 22
within a receptacle region having a diameter of inludes a stator with which
the two terminals 44,  approximately 2.54cm (one inch) and a length of 46
are associated and a movable member con-   5   not greater than
approximately 61cm (twenty-four nected to the coupling member 40 so that
relative    inches). This method also comprises generating, at movement
between the stator and the movable         the output of the linear
alternator 42 and in re- member is achieved when the Stirling engine 38
sponse to the radioisotope In the fuel capsule 36, operates. That is, the
stator is fixed in a stationary  an electrical output within the previously
defined manner relative to the housing 16 and the movable  10  range of
between approximately 0.5 watt and ap- member, is fixed relative to the
power piston within  proximately 2.5 watts for application to the elec- the
Stirling engine 38 so that movement of the      trical circuit of the
downhole tool. This power gen- power piston  moves the movable rnember
relative    erating is achieved in the preferred embodiment of to the
stator. This relative movement generates the  the method in conjunction
with constraining the electrical voltage by the electromagnetic relation-
15   movement of the movable member of the linear ship between the stator
and the movable member       alternator 42 relative to the stator of the
linear as is well known in linear alternators. In the pre-  alternator 42
to not more than approximately ferred embodiment wherein size constraints
are       3.2mm  (1/8 inch). Although one may consider important factors,
the Stirling engine 38 and the    these specific design parameters to be
merely linear alternator 42 are constructed so that this  20   matters of
design choice, as comprehended within relative movement is constrained to
not more than    the method of the present invention these param-
approximate 3.2mm (1/8 inch) but also so that             eters are
specific critical limitations of the preferred such limited displacement
still generates an elec-  methodology by which an improved power supply
trical output sufficient to provide power within the  technique is achieved
within the constricted down- range between approximately 0.5 watt and
approxi-  25   hole environment to which the method is limited. mately 2.5
watts. As shown in FIG. 2, the linear       In summary, the radioisotope
thermomechan- alternator 42 is disposed on the side of the Stirling  ical
electrical generator of the preferred embodi- cycle engine 38 opposite the
fuel member 36.        ment power supply 14 utilizes the energy released
The electrical output from the linear alternator  by the decay of the
radioisotope within the fuel 42, which is provided across the terminals 44,
46,  30  capsule 36 to provide heat to operate the Stirling is communicated
externally of the housing 16 by      engine 38 which will in turn drive the
linear alterna- the connecting means, schematically illustrated in  tor 42
to provide a suitable electrical power output, FIG. 2 as including
conductive members 48, 50      such as in the specific embodiment an output
of and output contacts or terinals 52, 54. These      less than
approximately one watt of AC or DC elements can be included in a single
unitary mem-   35   power for use in oil field instrumentation. The pow-
ber which provides both mechanical and electrical   er supply 14 will
operate for a long period of time, coupling of a suitable type for
connecting with the  depending upon the half-life of the radioisotope,
circuit 8 to be energized by the power supply 14.  and over a wide
temperature range, from less than This connecting, or coupling, means is
preferably   [err] to over [err] because of the constant en- connected to
or through the end wall 34 of the   40  ergy output of the radioactive
source. These op- housing 16 so that the connection is made within
erating parameters define the invention in a manner the confines of the
maximum outer diameter of the  which is particularly useful in deep oil or
gas wells. tubular member 24.
Additional or alternative specific design criteria The above-described
preferred embodiment of     contemplated for a specific implementation of
the the apparatus defining the power supply 14 is also   45   preferred
embodiment include an approximately comprehended within a method of
energizing an       2.54cm (one-inch) maximum outer diameter and a
electrical circuit contemplated by the present in-   maximum  length of
preferably not greater than vention. This method comprises inserting the
fuel        approximately 61cm  (two-feet), an approximately capsule 36
into the housing 16 in heat transfer      13mm (1/2 inch) diameter by
approximately 15cm relationship with the Stirling cycle engine 38, in-  so
(six inch) length well at the heat source end of the serting the housing 16
into the downhole tool 6,  housing for receiving a similarly sized fuel
capsule, and electrically connecting the electrical circuit of  a suitable
heat transfer mechanism, such as a heat the downhole tool to the linear
alternator 42. The  pipe, to transfer heat from the radioisotope capsule
importance of this method is in utilizing the fuel  to the head of the
Stirling engine with suitable 



capsule 36, having the radioisotope, with a Stirling   55  insulation as
needed in the side wall and end of cycle engine in a downhole tool so that
an im-      this section of the housing, a threaded end cap in a proved
technique of energizing such a downhole      13mm (1/2 inch) well to secure
the fuel capsule in tool is provided.   particular, this method includes
place and to provide maximum  thermal contact 5    9              EP 0 238
337 B1  10 between the surfaces of the fuel capsule and the        ber (24)
having a maximum  outer diameter [err], an overall efficiency of 15% or
better at         less than an inner diameter of the downhole [err]
isolated electrical output terminals across       tool and having an outer
length less than the which approximately 10-20 vac rms are provided
length of the downhole tool so that said tubular from DC to as high a
frequency as possible with a    5   member is fully received entirely
within the power output between approximately 0.5 watt and         downhole
tool. approximately 2.5 watts, and with a power drain two times normal for
two seconds out of 100 sec-   5. Apparatus according to claim 4, wherein:
said onds.                                                 tubular member
includes: a cylindrical side 10      wall (25) across which said maximum
outer Claims                                                   diameter is
defined; a first end wall (28) dis- posed transversely to said side wall at
one end 1.   A power supply apparatus (14) for an oil or gas    thereof,
said first end wall having an opening well downhole tool (6) having a
system requir-       (26) defined therethrough for receiving a clo- ing
energy from said power supply, which ap-   15    sure cap (30) so that when
said closure cap is paratus comprises housing means (16), means
removed from said opening said fuel capsule (20) disposed in said housing
means for pro-        can be inserted into or removed from said viding
mechanical motion conversion means            tubular member through said
first end thereof; (22), disposed in said housing means, for con-    .
and a second end wall (34) disposed trans- verting said mechanical motion
to energy us-   20    versely to said side wall at another end there- able
by the system within the downhole tool;      of; said conversion means
includes linear al- and connecting means (52,54), for connecting
ternator means for generating an electrical volt- said energy from said
conversion means to the        age in response to said Stirling cycle
engine system of the downhole tool; characterised in     means; and said
connecting means includes that said housing means (16) is adapted to be
25   terminal means (52,54), disposed through said received within a
receptacle (12) of the down-        second end wall, for providing said
electrical hole tool, a fuel capsule (18) is removably             voltage
externally of said housing. retained inside said housing means, said fuel
capsule including a radioisotope for generating  6. A method of energizing
an electrical circuit thermal energy; said means (20) is a Stirling   30
contained in a downhole tool (6) used in an oil cycle engine means for
converting said ther-          or gas well, comprising initiating
mechanical mal energy to mechanical motion; and wherein      motion in a
housing (16) and converting said said connecting means (52,54) communicate
motion into electrical energy; charactersised externally of said housing
means.                   by inserting a fuel capsule (18) into said hous-
35        ing (16) in heat transfer relationship with a 2. Apparatus
according to claim 1, wherein said         Stirling cycle engine (20)
retained in said hous- housing means has a first end through which a
ing, said fuel capsule including a radioisotope; closable opening (26) is
defined for receiving      inserting said housing into the downhole tool
said fuel capsule into said housing means and        (6); and electrically
connecting the electrical for removing said fuel capsule from said hous-
40   circuit to a linear alternator (22) disposed in ing means.
said housing and mechanically connected to said Stirling cycle engine. 3.
Apparatus according to claim 1 or 2, wherein: said housing means has a
second end spaced        7. A method according to claim 6, further com-
linearly from said first end; said conversion   45  prising generating, at
the output of said linear means includes an electrical energy generator
alternator and in response to said radioisotope, means (42) for generating
a voltage across two     an electrical output within the range between
terminals (44,46) of said electrical energy gen-         approximately 0.5
watts and approximately 2.5 erator means in response to said mechanical
watts for application to the electrical circuit of motion from said
Stirling cycle engine means;   50  the downhole tool. and said connecting
means includes a cou- pling means (48,50), connected to said second  8. A
method according to claim 6 or 7, wherein 



end of said housing means, for coupling said         the step of inserting
said housing into the two terminals to the system of the downhole
downhole tool includes retaining said housing tool.
-  within a receptacle region having a diameter of approximately 2.5 cm
(one inch) and a length 4. -Apparatus according to claim 1,2, or 3, wherein
of not greater than approximately 61 cm said housing means includes a.
tubular mem           (twenty-four inches). 6    9                 EP 0 238
337 B1                     10 between the surfaces of the fuel capsule and
the       ber (24) having a maximum  outer diameter an overall efficiency
of 15%  or better at         less than an inner diameter of the downhole
[err] isolated electrical output terminals across      tool and having an
outer length less than the which approximately 10-20 vac rms are provided
length of the downhole tool so that said tubular from DC to as high a
frequency as possible with a   5  member is fully received entirely within
the power output between approximately 0.5 watt and      downhole tool.
approximately 2.5 watts, and with a power drain two times normal for two
seconds out of 100 sec-   5. Apparatus according to claim 4, wherein: said
onds.                                                 tubular member
includes: a cylindrical side 10      wall (25) across which said maximum
outer Claims                                                  diameter is
defined; a first end wall (28) dis- posed transversely to said side wall at
one end 1.  A power supply apparatus (14) for an oil or gas   thereof, said
first end wall having an opening well downhole tool (6) having a system
requir-    (26) defined therethrough for receiving a clo- ing energy from
said power supply, which ap-   15  sure cap (30) so that when said closure
cap Is paratus comprises housing means (16), means        removed from said
opening said fuel capsule (20) disposed in said housing means for pro-
can be inserted into or removed from said viding mechanical motion,
conversion means      tubular member through said first end thereof; (22),
disposod in said housing means, for con-      and a second end wall (34)
disposed trans- verting said mechanical motion to energy us-  20   versely
to said side wall at another end there- able by the system within the
downhole tool;         of; said conversion means includes linear al- and
connecting means (52,54), for connecting       ternator means for
generating an electrical volt- said energy from said conversion means to
the      age in response to said Stirling cycle engine system of the
downhole tool; characterised in        means; and said connecting means
includes that said housing means (16) is adapted to be   25  terminal means
(52,54), disposed through said received within a receptacle (12) of the
down-      second end wall, for providing said electrical hole tool; a fuel
capsule (18) is removably         voltage externally of said housing.
retained inside said housing means, said fuel capsule including a
radioisotope for generating  6. A method of energizing an electrical
circuit thermal energy; said means (20) is a Stirling   30  contained in a
downhole tool (6) used in an oil cycle engine means for converting said
ther-        or gas well, comprising initiating mechanical mal energy to
mechanical motion; and wherein        motion in a housing (16) and
converting said said connecting means (52,54) communicate           motion
into electrical energy; charactersised externally of said housing means.
by inserting a fuel capsule (18) into said hous- 35      ing (16) in heat
transfer relationship with a 2. Apparatus according to claim 1, wherein
said         Stirling cycle engine (20) retained in said hous- housing
means has a first end through which a       ing, said fuel capsule
including a radioisotope; closable opening (26) is defined for receiving
inserting said housing into the downhole tool said fuel capsule into said
housing means and        (6); and electrically connecting the electrical
for removing said fuel capsule from said hous-  40  circuit to a linear
alternator (22) disposed in ing means.
said housing and mechanically connected to said Stirling cycle engine. 3.
Apparatus according to claim 1 or 2, wherein: said housing means has a
second end spaced     7. A method according to claim 6, further com-
linearly from said first end; said conversion   45  prising generating, at
the output of said linear means [err] an electrical energy generator
alternator and in response to said radioisotope, means (42) for generating
a voltage across two     an electrical output within the range between
terminals (44,46) of said electrical energy gen-  approximately 0.5 watts
and approximately 2.5 erator [err] in response to said mechanical
watts for application to the electrical circuit of motion from said
Stirling cycle engine means;  50  the downhole tool. 



and said connecting means includes a cou- pling means (48,50), connected to
said second  8.  A method according to claim 6 or 7, wherein end of said
housing means, for coupling said       the step of inserting said housing
into the two terminals to the system of the downhole        downhole tool
includes retaining said housing tool.
55      within a receptacle region having a diameter of approximately 2.5
cm (one inch) and a length 4. Apparatus according to claim 1,2, or 3,
wherein    of not greater than approximately 61 cm said housing means
includes a tubular mem-          (twenty-four inches). 6    11
EP 0 238 337 B1                    12 9. A downhole tool (6) for an oil of
gas well which  4. Vorrichtung nach Anspruch 1, 2 oder 3, da- tool includes
a system requiring energy from a      durch gekennzeichnet, daBi die
Gehausemittel power supply, characterised in that the tool       ein
rohrformiges Glied (24) mit elnem maxima- has a receptacle (12) therein
which contains a    len Aulendurchmesser, der kleiner ist als der' power
supply apparatus (14) as claimed in any   5   Innendurchmesser  des
Bohrlochwerkzeugs, of claims 1 to.5.                                   und
einer AuBenldnge enthalten, die kleiner ist als die Lange des
Bohrlochwerkzeugs, so daB Patentanspriche
das rohrformige Glied vollstandig in das Bohr- lochwerkzeug aufgenommen
ist. 1. Energieversorgungsvorrichtung (14) fir ein in  10 einer lI- oder:
Gasbohrung befindliches Bohr-   5. Vorrichtung nach Anspruch 4, dadurch
gekenn- .ochwerkzeug (6) mit einem Energie von der         zeichnet, daB
das rohrf6rmige Glied eine zylin- Energieversorgungsvorrichtung
benbtigenden        drische Seitenwand(25) enthalt, Uber die der System,
enthaltend Gehausemittel (16), in den       maximale Aulendurchmesser
bestimmt ist, so- Gehausemitteln angeordnete Mittel (20) zur Er-  15  wie
eine erste Stirnwand (28), die quer zu der zeugung mechanischer Bewegung,
in den Ge-           Seitenwand an deren einem Ende angeordnet hausemitteln
angeordnete Wandlermittel (22)         ist und eine darin bestimmte
Offrnung (26) zur 'zur UImwandlung der mechanischen Bewegung
Aufnahme einer Verschlulkappe (30) enthalt, in eine von dem System in dem
Bohrlochwerk-         so daB nach Entfernung der VerschluBkappe zeug
nutzbare Energie, und Verbindungsmittel  20    aus der Offnung die
Brennstoffkapsel durch (52, 54) zur Verbindung der Energie aus den
dessen erstes Ende in das rohrformige Glied Wandlermitteln mit dem System
des Bohrloch-         eingesetzt oder aus diesem  entfernt werden
werkzeugs,                                          kann, und eine zweite,
quer zu der Seitenwand an deren anderem Ende verlaufende Stirnwand dadurch
gekennzeichnet, daB die Gehausemit-  25     (34); daB die Wandlermittel
einen linearen tel (16) zum Einsatz in eine Aufnahme (12) des
Wechselstromerzeuger enthalten, durch den ..Bohrlochwerkzeugs eingerichtet
sind; daB in       unter Ansprechen auf den Heilgasmotor eine den GehO
usemitteln eine Brennstoffkapsel (18)      elektrische Spannung erzeugbar
ist; und daBl auswechselbar gehaltert ist, die ein Warme-         die
Verbindungsmittel durch die zweite Stim- : energie erzeugendes Radioisotop
enthalt; daB   30  wand verlaufende Anschlulrmittel (52, 54) zur die;
Mittel (20) einen Heigasmotor zur Um-        Bereitstellung der
elektrischen Spannung au- wandlung' von Warrmeenergie in mechanische
Bierhalb des Gehauses enthalten. Bewe'gung bilden; und daB die Verbindungs-
mittel (52, :54) aulerhalb der Gehausemittel    6. Verfahren zur
Energieversorgung einer elektri- angeschlossen sind.
35       schen Schaltung in einem Bohrlochwerkzeug (6), das in einer 01-
oder Gasbohrung verwen- 2.. Vorrichtung nach Anspruch 1, dadurch gekenn-
det wird, bei dem in einem Gehiuse (16) me- zeichnet, daB die Gehausemittel
ein erstes          chanische Bewegung eingeleitet und diese Be- Ende
haben, in dem eine. verschlieBbare Off-        wegung in elektrische
Energie umgewandelt -nung. (26) zum Einsetzen der Brennstoffkapsel  40
wird, in-die 2G;ehkusemittel und zum Entfernen der 'Brennstoffkapsel. aus
den Gehlusemitteln be-       gekennzeichnet durch Einsetzen einer ein Ra-
stimmt ist.                                         dioisotop enthaltenden
Brennstoffkapsel (18) in das Gehduse (16) in wirmeibertragender Be- :3.
Vorrichtung nach Anspruch 1 oder 2, dadurch   45   ziehung zu einem in dem
Gehause gehalterten gekennzeichnet, daB die. Gehausemittel ein ge-
Heilgasmotor (20); Einsetzen des Gehauses in radlinig von dam ersten Ende
enfferntes zwei-      das Bohrlochwerkzeug (6); und Herstellen ei- tes Ende
haben; daB die Wandlermittel Gene-         ner elektrischen Verbindung der
elektrischen 



ratormittel (42) zur Erzeugung elektrischer         Schaltung mit einem
linearen Wechselstromer- Energie enthalten, mittels derer als Folge der  50
zeuger (22), der in dem GehAiuse angeordnet .mechanischen: Bewegung des
Heilgasmotors           und mechanisch mit dem Heilgasmotor ver- . an zwei
Kermmen (44, 48) der Generatormittel      bunden ist. eins' elektrische
Spannung erzeugbar ist; und da  die. Verbindungsmittel mit dem zweiten
7. Verfahren nach Anspruch 6, dedurch gekenn- -Ende der 'Gehiusemittel
verbundene Kupp-  55       zeichnet, dal ferner am Ausgang des linearen '
lunghsittel (48, 50) zum AnschluB der beiden       Wechselstromerzeugers
und unter der Wirkung : Kiem me-an das     System des Bohrlochwerk-
des Radioisotops eine elektrische Ausgangslei- zeugs enthalten..
stung im Bereich von ungefihr 0,5 W bis un-    18     EP 0 238 337 B1
14 gefhr 2.Wzum Anlegen an die elektrische         tier. ,t Schaltungr in
dem: Bohrlochwerkzeug orzougt :wird.                     .
-. . :- ' , 3. Dispositif suivant la revendication 1 ou 2, dans loquel- . &
rfahreon .nach Anspruch 69oder 7, dadurch    s      lesdits moyens de
boftior possadont une se- gekennzeichnet, da'beibim Einsetzen des Ge-
conde extremite espacee lineairement de ladi- hAuses in. das
30hrlochworkzeug das Gehauso         te premibre extremite, lesdits moyens
de in .einem' A'u.fnahmebereich mit einem Durch-        conversion
comprennent des moyens de gene- messer von ungqfthr 2,5:cm (1 ,Zoll) und
einer       ration d'enorgie electrique (42) pour g~nerer - Angeovon nicht
mehr als ungefahr 61 cm (24   10    une tension entre deux bornes (44,46)
desdits Z   goll3,ghaltert wLrd.                             moyens de
generation d'energie electrique en reponse audit mouvement m6canique prove-
9. Bohrlochwoerkze~ug (6) f~r eine. 01- oder Gas-        nant desdits
moyens de moteur b cycle de quelie, das ein.System enrthUt, welches Ener-
Stirling at lesdits moyens de connexion corn- -gie aus
einor:Energieversorgung ben6tigt, da-   15  prennent des moyens de couplage
(48,50), re- durch :gekennzeichnet, da das Werkzeug eine          Ii6s a
ladite seconds extremite desdits moyens Aufnahme (12). aufweist, die eine
Energiever-        de boltier, pour coupler lesdites deux bornes
sorgungsvorrichtung (14), nach einem der An-         au systeme de I'outil
de fond de puits. sprOche.I bisi 5 enth~lt. 20  4. Dispositif suivant la
revendication 1, 2 ou 3, '' endlcattons'   '   :   :
dans lequel lesdits moyens de boftier com- prennent un element tubulaire
(24) ayant un ::l;:1.' .Dispositif dalimentation (14). pour un outil de
diametre ext6riour maximum inf6rieur a un dia- fond.do puits do`p4trole ou:
dgaz (6) poss6-         metre interieur de l'outil de fond de puits et .
dant un. systbmeonocesitant de l'energie du   25   ayant une longueur
exterieure inferieure a la dispositif d'alimentation, lequel dispositif
com-    longueur de l'outil de fond de puits de telle prend'des moyens de
boTher (16), des moyens          manibre que ledit el6ment tubulaire est
entie- (20)disposes' dans :iosdits'moyens de bolter         rement contenu
l I'interieur de l'outil de fond . ' pour .four-nir un.  ouvoment
m6canique; des      de puits. moyens de conversion (2;2) disposes dans les-
30 dits. moyens deo battier, 'pour- convertir ledit  5. Dispositif suivant
la revendication 4, dans le- mouVement mecanique en 6nergie utilisable
quel: ledit element tubulaire comprend: une par le syst me & 'int rieur de
Ibutil do fond       cloison lat6rale cylindrique (25) & partir de do
puits;, et de's moyons- de connexion (52,54),     laquelle ledit diambtre
extdrieur maximum est pour:relier ladite energie desdits moyens de   35
defini; une premibre cloison d'extrdmit6 (28) corversion.:aU sysmer  do
',ltoutil de fond de       disposee transversalement a ladite cloison la-
puits, -carateris:e on co queo esdits moyens de     terale A une extremite
de celle-ci, ladite pre- - baier. :(1 6)'ont. adaptes' pour etre loges a
miere cloison d'extremite ayant une ouverture ,I'nt6rleur 'd'un 'rceptacle'
(12) de l'outil de     (26) d6finie a travers celle-ci pour recevoir un
fond de puits, une capsule de combustible (18)  40   bouchon de formeture
(30) de maniere a ce ::est. rstenue d'une:mani re.amovible a l'inte-
que lorsque ledit bouchon do fermeture est -:rir desdits moyens deoboltier,
ladite capsule      enlev6 de ladite ouverture ladite capsule de de.
combustibl.: conte'nant un isotope radioactif    combustible puisse etre
inseree ou enleveo pour g6n~rer do i'6nergie thermique, lesdits
dudit 6ml6ment tubulaire a travers ladite pre- * moyens '(20) sont:.'dos
moyens de moteur a   45    mikre extremite de celui-ci; et une seconde
cycle de Stirling pour convertir ladito 6norgie      cloison d'extr6mite
(34) disposee transversale- -  : thermique on mouvement m6canique, et dans
ment & ladite cloison laterale & une autre ex- 



I tequel 'lesdits. moyens-, de connexion (52,54)     tremite de celle-ci,
lesdits moyens de conver- communiquent. & l'extnrieur desdits moyens de
sion comprennent un alternateur lineaire pour 'boter
50       generer une tension 6lectrique en rdponse aux moyens de motour &
cycle de travers ladite . .Qispositif suivant .a revendication 1, dans le-
seconde cloison d'extremite, pour fournir ladite quei 'lesdits moyens do
baier possedent une         tension electrique  P I'exterieur dudit bolter.
premiere extramit 'a travers laquelle une ou- :   .' ' verture obturable
(26) esotd~finie pour recevoir  55  6. Proced6  d'alimentation en energie
d'un circuit 12dite cap~sule -deo combustible dans lesdits
6lectrique contenu dans un outil de fond de , moyenis.de bollier''t-pour
enlever ladito cap-     puits (6) utilise dans un puits de p6trole ou de
sule de' combustible dosdit; moyens do bo            gaz, comprenant le
declenchemen dILn mou-    15       EP 0 238 337 B1           16 veni
mecaniquo.dans un boltier (16) et la _,    conversioni dudit ::mouveMrnt
mecanique en . inergie eleqtdique,: caract6ris4 par l'insertion - dune
capsile:. de combustible (18) dans ledit boNier :18) l n: elation de
trarnsfert de chaleur    5 avec un moteur:.  cycle de Stirling (20) conte-
nu daris ledit boititer ladite Capsule contenant un iot uP  radioactif,
I'inserion dudit boltier . Cans  irouuil do  fond  de  puits (6), et la
Confnexiori eloctrique:du circuit.6lectrique a un    10 :  arlrtaeur
Ineaire (22) dispose dans ledit boif tier. el rchli m.caniquement audit
moteur A cycle de.Stirling. 7. .Proc6de suivant Ia revendication 6, compre-
15 . nant el outr~e.- la g~ndrationk la sortie dudit ailternateur ineaire
et en rMponse audit isotope i.adioactif, d'une Anergie electrique de sortie
cldans l? gamme comprise entre 0.5 watt envi- _>   , ron et. 2.5:.watts
environ pour. son application    20 :.au circuit*eIectrique de l'outil de
fond de puits. 8. :  ispositif suivant la revendication 6 ou 7, dans leque
l.'teape d'insertion dudit boftier dans loutil deofond de puits comprend le
maintien    25 dudit botier I V'interieur d'une zone de r~cep- tacle ayant
un diametre:do 2.5cm  (un pouce) environ et une longuour- -inf6rieure a
61cm (vingt-quatte pouces). environ. 30 9.:  uti: de fond de puits (6) pour
un puits de :. p troleou do gaz, lequel:outil comprend un systI.mne
n6cessitaht do l'dnergie d'une alimen- . :tationcract rise en. cquw l'outil
possbde un -receptacie (12): A.intn~eur de celui-ci qui   35 corttient un
dispositif-d'calimentation (14) sui- vant l'une quelconque dee
revendications 1 A 40 45 50    


