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Method and Device for Noncontact Data Exchange and Charging of
Accumulator Batteries of Self-Contained Logging Tools

The invention relates to the area of geophysics and, in particular, to the
methods of noncontact data exchange between self-contained logging tools
and a surface reader, as well as to the problem of noncontact charging of
accumulator batteries of self-contained logging tools.

When performing logging operations in oil wells and gas wells,
measuring tools are usually tripped in a hole by using two methods, namely,
by using a cable or a wireline. The first method uses a load-bearing logging
cable through which data are transmitted to the surface and the logging tools
are powered. The advantage of this method is that it allows continuous data
transmission. Due to big diameter and heavy weight of the insulated and
armoured cable, it is difficult to trip tools in high-pressure holes. Such a cable
is serviced by a self-propelled unit designed for cable (wireline) operations,
which results in additional expenses. The second method uses a plain wireline
to trip tools in a hole. In this case, the tools shall have self-contained power
supply and memory units for temporary storage of the logging data. The
wireline is usually 1 to 2 mm thick and weighs tens of kilograms. Unlike the
cable, the wireline is easier to service and a conventional tugger hoist is used
for tripping operations.

The main disadvantages of using a logging cable in the logging
operations are that it is difficult to trip logging tools in high-pressure holes and
that it is difficult to seal the hole because of big diameter of the cable. Using a
plain wireline eliminates both of these problems, but retains laborious tool-

retrieving operations for subsequent reading and accumulator battery
charging. A dedicated sealing device called ‘lubricator’ to be installed above
the production tree is used for operations in producing wells. There is a

stuffing box in the upper part of the lubricator to provide sealed passage for a
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logging cable, plain wireline or flexible pipes, depending on the operations
performed. In case of a high pressure drop, a series of stuffing boxes designed
for required pressure is installed. The lubricator design allows removal and
suspension of logging tools without unsealing the hole. Prior to tripping the
logging tools in the hole, a required pressure is built in the lubricator. By

opening the valve, the logging tools can be tripped in the hole, using a hoist.

Self-contained logging tools are equipped with recorders which record
data into the internal memory, and the data are then read on the surface by a
surface reader (or a surface computer). The lubricator shall be disassembled
for maintenance, data reading and accumulator battery charging purposes.
This operation is a rather laborious and is associated with the hazard of fluid
or oil spillage. Moreover, each such operation takes a lot of working time and

requires the availability of highly skilled personnel.

There are known methods of data exchange between the logging tools
and the elements of the hole in the wireline and drilling operation practices.
Several inventions (US 5.971.072, US 3.534.310) describe induction devices
installed in wireline well-completion tools and self-contained induction
transmitters installed in certain areas of a drilling string. When such a tool
approaches to a self-contained transmitter, data are exchanged and certain
operations are performed. These may be tool stopping and fixing operations,
perforating charge initiation operations and other well-completion operations.

Also, there are known methods of noncontact induction communication
between a bundle of tools in the hole and a surface reader (Patent Application
US 20060244628). In this engineering solution, the wireline with which the
logging tools are tripped in the hole is used as an antenna for transmission of
real-time data. The lower end and the upper end of the wireline are equipped

with induction couplers. The data from the logging tools come to a data
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transmission device connected to the lower coupler. Many meter-long wireline
which is used for tripping the logging tools in the hole actually operates as a
long antenna for transmission of frequency-modulated data. However, the
disadvantage of this system is that in case of a strong attenuation of the high-
frequency data signal in the antenna, it is necessary to use radio frequency
followers to be installed along the whole length of the wireline. The use of
such followers allows the data signal power to be maintained at a required
level. However, the logging tool tripping operations are considerably
complicated by the fact that the frequency followers are to be placed and
serviced on a wireline.

The closest engineering solution is the method which is proposed in
Patent EP 0678880 and which uses a downhole pressure and temperature
measuring tool made in such a way as to allow its repair and rehabilitation
without the need to shut in the well. This tool is tripped in the hole, using
flexible pipes, and is installed coaxially on the induction system which is
permanently mounted in a retrievable gaslift valve mandrel. The flexible pipes
are then tripped out of the hole while the tool remains in the mandrel. The
cable connected to the induction system is brought out to the surface through
the annulus; the cable is used for powering the tool and for reading the real-
time data. However, due to the use of the power cable and due to the
connection to the surface reading system, this tool cannot be used in hard-to-

reach areas which require self-contained operation.

The technical result of the invention claimed consists in the development
of a self-contained device for making noncontact data exchange and a method
for charging accumulator batteries of self-contained logging tools by means of
induction communication. The important advantage of the engineering
solution proposed is that the tool operates on a self-contained basis and that

required operations are performed on the surface with the lubricator closed.



WO 2009/154501 PCT/RU2008/000388

4

Induction communication is established between an induction coil wound
round a radiotransparent adapter under the lubricator, and an induction coil
placed in a charging and telemetering module the body of which is made of
radiotransparent material. A core is used for more efficient transmission of

energy between the coils.

The invention proposed is shown in Figure 1, Figure 2, Figure 3 and
Figure 4.

Figure 1 shows the general logging tool tripping scheme based on the use
of a plain wireline, and the position of the radiotransparent adapter on the
wellhead equipment. According to Figure 1, logging tools (1) equipped with
off-line memory are suspended on a wireline (2) and are handled by a hoist.

. The steel wireline passes through sealed stuffing boxes (not shown) in the
upper part of the lubricator (4). After a measurement run has been complete,
the logging tools with the data recorded are tripped to the surface by the hoist
through the wellhead equipment (5). An adapter (3) made of fiber-glass
reinforced plastic is installed between the lubricator (4) and the wellhead
equipment.

Figure 2 shows the longitudinal section of the radiotransparent adapter
during the moment of maximum approach of the internal induction coil to the
external induction coil, where 12 is the core, 13 is the external induction coil
and 14 is the induction coil which together constitute an induction system
(20), 17 is the charging and telemetering module, 19 is the external reader.

When a bundle of the logging tools passes through the radiotransparent
adapter and, in particular, when the tools are tripped to the surface, low
alternating voltage is supplied to the external induction coil (13) wound round
the internal surface of the radiotransparent adapter (3). The current from the
winding (13) is measured by the external reader (19). The charging and
telemetering module (17) is installed in the upper part of the bundle of the
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logging tools and is used for data exchange between the logging tools and the
external reader (19).

When the charging and telemetering module (17) equipped with the
induction coil (14) and the core (12) approaches to the radiotransparent
adapter (3), the current in the winding (13) increases due to amplification of
induction communication between the windings. Maximum current in the
induction coil (13) indicates that the hoist should be stopped and that the data
exchange and accumulator battery charging processes should be started. The
combination of the winding (14), the external winding (13) and the core (12)
will be described hereinafter as the induction system (20). A data reading
instruction is sent by using induction communication to the telemetering
module (17) and the telemetering module then starts data transmission from
the logging tools through the induction coil (14) to the induction coil (13) and

- further to the external unit (19) and to the surface personal computer.

The radiotransparent adapter (3) and the body of the telemetering module
(17) shall be made of a sufficiently strong material (designed for hydrostatic
pressure inside the wellhead equipment) characterized by low absorption of
radio-waves in a range of 50 to 100,000 Hz. Radiotransparent walls of the
adapter (3) and of the body of the telemetering module (17) allow the data
exchange and accumulator battery charging processes to run with minimum
energy losses. The most suitable material for implementation of this invention
is fiber-glass reinforced plastic characterized by high mechanical strength
properties and low losses in the said frequency range. Other radiotransparent
materials (composites or ceramics) are not as good as fiber-glass reinforced
plastic in terms of mechanical strength and manufacturability, but they can
still be used for implementation of this invention. The length of the
radiotransparent adapter (16) is selected to be 1.5 to 2 times greater than the
length of the induction system (20) in order to reduce the induction signal

losses at the terminal conducting elements of the adapter. The internal
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diameter of the radiotransparent adapter (16) is selected to be equal to the
internal diameter of the downstream wellhead equipment in order to allow free
movement of the logging tools.

The general scheme of the external reader (19) is shown in Figure 3. In
this Figure, the induction coil (24) is part of the induction system (20) through
which accumulator batteries are charged and data are exchanged with the
logging tool. The 220V, 50 Hz industrial network is used as the power source
for charging the accumulator batteries. Data are exchanged at a high frequency
relative to the low frequency of the industrial power supply network. The low-
frequency accumulator battery charging current and high-frequency data
signal are mixed in a mixer installed on a transformer (23). Winding I of the
transformer (23) is used for connection to the industrial network, winding II is
used for connection to the transceiver (21) of the surface unit and winding III
is used for connection to the primary (external) winding of the induction
system (20). An overvoltage protection module (22) is used for protection of
the transceiver against the voltage coming from charging winding I to
tranéceiver winding II. The transceiver (21) is connected to the input of the
personal computer where data which have been read from the logging tool(s)
are stored and processed. |

It is possible to use standard frequency-shift keying (FSK) modems as the
transceiver modem, e.g. widespread CMX469 modems manufactured by CML
Microcircuits Ltd, USA. With such modems, the maximum speed of data
exchange with the logging tool is equal to 4,800 bits per second, which is
quite sufficient for most applications. The operating frequencies range from
2,400 to 4,800 Hz at the modem output, which allows easy extraction of the
high-frequency data signal against the background of 60 Hz charging current
by using simple first-order filers. To increase the data exchange speed, it is
possible to use upgraded FX929 modems (up to 9,600 bits per second)

manufactured by CML Microcircuits Ltd, or standard Manchester
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encoders/decoders (e.g. 588VG6 model manufactured by Intergal Plant,
Republic of Belarus, or HD6408 model manufactured by Intersil, USA). In the
latter case, Manchester encoders/decoders arrange communication channels at
a data exchange speed of up to 1 megabits per second, and the communication
channel capacity is only limited by the properties of the transformer (23) and
of the induction system (20) with the winding (24).

The block diagram of the charging and telemetering module (17) is
shown in Figure 4. Low-frequency accumulator battery charging voltage is
induced on winding I of the induction system (20) and is rectified in the
rectifier unit (32) and is then converted into constant voltage in the capacitor
unit (33). The charger (34) directly controls the accumulator battery (35)
charging process. Transceiver winding II of the induction system (20) is
connected to the telemetering unit (36), which is similar to the units (21) and

(22) of the surface module.

Example of Embodiment of This Invention.

A test unit (Figure 5) was used for evaluation of the efficiency of the
method proposed. A core (12) made of 1000NN-grade ferrite (standard size:
10x100) is wound with the secondary winding (14) (2,000 turns of 0.25 mm
PETV-1 wire) which is wound with glass-fiber cloth to achieve an external
winding diameter of 28 mm (taken to be equal to the external diameter of the
logging tools). The primary winding (13) is wound round a hollow cylinder
made of fiber-glass reinforced plastic and having an internal diameter of 50
mm (selected to be equal to the internal diameter of the production tree). The
wire type and the number of turns are taken to be the same as in the secondary
winding. Both windings are immersed into a beaker (40) filled with an
aqueous solution of sodium chloride at a concentration of 50 g/L (simulation
of formation water). The primary winding (13) is connected through an

insulating transformer (42) (transformation ratio: 1:1) to a LATR-2,5-type
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adjustable-ratio autotransformer (41). The secondary winding (14) is loaded at
a resistor (47) (resistance: 100 ohms; power: 5 watts). The voltage and the
current across the primary winding (13) are controlled by a voltmeter (43) and
an ammeter (44). The voltage and the current across the secondary winding
(14) are similarly controlled by a voltmeter (45) and an ammeter (46). The
voltage supplied to the primary winding of the induction system (20) is
changed by changing the position of the controller of the autotransformer (41).
This voltage is selected in such a way as to prevent the saturation of the core
(12).

The efficiency was evaluated by the following formula: n =
((V2*12)/(V1*11))*100%, where V2 and 12 are the indications of the
voltmeter (45) and the ammeter (46) in the secondary winding (14), and V1
and 11 are the indications of the voltmeter (43) and the ammeter (44) in the
primary winding (13). Efficiency of about 20% was achieved in this test unit,
and the dissipated power at the resistor (47) was about 2 watts, which is quite
sufficient for charging accumulator batteries in the logging tools in a
reasonable time. The preliminary calculations show that it is possible to
increase the efficiency up to 50% by optimizing the design and the material of
the core (12) and by optimizing the number of turns and the diameter of the
wire used in the windings, even in case of water-oil mixtures having a higher
salt content. Such optimization will increase the power transmitted to the
secondary winding and will consequently reduce the accumulator battery

charging time.
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Claims

1. Method for noncontact data exchange and charging of accumulator
batteries of self-contained logging tools, according to which logging tools
equipped with off-line memory are suspended on a wireline and can be
handled inside and outside the hole by using a hoist, with the wireline passing
successively through the lubricator, the radiotransparent adapter and the
wellhead equipment. A charging and telemetering module is installed in the
upper part of the bundle of the logging tools and is ‘moved inside the
radiotransparent adapter to allow data exchange between the logging tools and
the external reader and to charge the accumulator batteries of the logging
tools.

2. Method according to paragraph 1, characterized in that a data reading
instruction is sent by using induction communication to the telemetering
module and the telemetering module then starts data transmission from the
logging tools to the external unit and to the surface computer.

| 3. Method according to paragraph 1, characterized in that the
radiotransparent adapter is made of fiber-glass reinforced plastic.

4. Method according to paragraph 1, characterized in that the length of
the radiotransparent adapter is selected to be 1.5 to 2.0 times greater than the
length of the induction system.

5. Device for noncontact data exchange and charging of accumulator
batteries of self-contained logging tools, which consists of a radiotransparent
adapter placed on a wireline above the logging tools, and of a charging and
telemetering module placed on a wireline in the upper part of the bundle of the
logging tools. When moving, the module is able to pass through the
radiotransparent adapter the internal radiotransparent surface of which has
been wound with the external winding of the induction coil, connected to the

external reader. The charging and telemetering module consists of the
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induction coil winding and the core placed inside the induction coil, with the
external induction coil winding, the induction coil winding and the core
constituting an induction system.

6. Device according to paragraph 5, characterized in that the induction
coil is part of the induction system through which accumulator batteries are
charged and data are exchanged with the logging tool. The low-frequency
accumulator battery charging current and high-frequency data signal are
mixed in a mixer installed on a transformer. Transformer winding I is
connected to the industrial network, winding II is connected to the transceiver
of the surface unit through an overvoltage protection module and winding III
is connected to the external winding of the induction system. The transceiver
is connected to the input of the personal computer which stores and processes
the data read from the logging tool(s).

7. Device according to paragraph 5, characterized in that the charging and
telemetering module includes accumulator batteries which are connected to
the capacitor unit through the charger connected through the rectifier unit to
winding I of the induction coil of the induction system, while transceiving
winding II of the induction coil of the induction system is connected to the

telemetering unit.
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