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OCEAN BOTTOM CABLE AND SENSOR UNIT

BACKGROUND

The invention relates generally to offshore seismic prospecting and, more particularly,
to ocean bottom cables having multiple sensors, such as hydrophones, geophones, and
accelerometers.

In one conventional form of seismic surveying, a vessel tows a seismic source, such
as an airgun array, that periodically emits acoustic energy into the water to penetrate the
seabed. Sensors, such as hydrophones, geophones, and accelerometers housed in sensor units
at sensor nodes periodically spaced along the length of an ocean bottom cable (OBC) resting
on the seabed, sense acoustic energy reflected off boundaries between layers in geologic
formations. Hydrophones detect acoustic pressure variations; geophones and accelerometers,
which are both motion sensors, sense particle motion caused by the reflected seismic energy.
Signals from these kinds of sensors are used to map the geologic formations. But the motion
sensors are particularly sensitive to vibrations in the OBC that can be transmitted along its
stress members, which arc gencrally rigid metal cables.

One OBC system uses structures that are less rigid than the metal stress members to
uncouple the OBC acoustically from the sensors and reduce the cable noise. The OBC is cut
at each sensor node, the ends of its metal stress members terminated in termination blocks.
Flexible stress members are connected between each termination block and the nearest sensor
unit. The flexible stress members damp vibrations transmitted along the OBC.

One shortcoming of such an OBC is that the metal stress member has to be cut and
terminated at each sensor node. Another shortcoming is that the termination blocks are
relatively massive and expensive. And the metal stress member is subject to corrosion.
Furthermore, because metal is heavy, the length of an OBC with metal stress members is

limited.

SUMMARY
Some of these shortcomings and others are overcome by an underwater cable and
sensor units embodying features of the invention. One such version of underwater cable
comprises a plurality of cable segments with one or more stress members disposed along the
cable segments. The stress members extend axially along the cable segments and past their

opposite ends. One or more sensor units are disposed along the cable between successive
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cable segments. Each sensor unit includes an outer sensor housing connected at opposite end
portions to successive cable segments. The outer housing has an outer surface and an interior
cavity, in which a sensor module is disposed. The outer sensor housing has axial channels
disposed between its interior cavity and its outer surface for receiving the one or more stress
members extending from the ends of the successive cable segments connected to the outer
sensor housing.

Another version of an underwater cable comprises a plurality of cable segments and a
plurality of sensor housings housing a sensor and alternately arranged with the cable segments
to form the underwater cable. Each cable segment has one or more stress members extending
past its opposite ends. The sensor housings are split along confronting faces of opposite
housing portions and define paths for the stress members encircling the sensor.

In another aspect of the invention, an underwater cable segment comprises an endless

stress member extending past opposite ends of the cable segment to form a loop at each end.

In still another aspect of the invention, a sensor unit for an underwater cable

comprises an outer sensor housing having an outer surface and an interior cavity. A sensor
module is suspended in the interior cavity. Openings through the outer surface extend into the
interior cavity. The sensor module has vanes extending through the openings past the outer

surface of the outer sensor housing.

BRIEF DESCRIPTION OF THE DRAWINGS

These features and aspects of the invention, as well as its advantages are better
understood by referring to the following description, appended claims, and accompanying
drawings, in which:

FIG. 1 is an axonometric view of a portion of an underwater cable embodying
features of the invention;

FIG. 2 is an axonometric view of a sensor module for use in an underwater cable as in
FIG. 1;

FIG. 3 is an axonometric view of a split outer housing half for the sensor module of
FIG. 2;

FIG. 4 is an axonometric view of a sensor module as in FIG. 2 supported in a cradle;

FIG. 5 is an axonometric view of one cable segment usable in constructing an

underwater cable as in FIG. 1;
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FIG. 6 is an enlarged cross section of the cable segment of FIG. 5 taken along lines 6—
6;

FIG. 7 is an axonometric view of a sensor unit as in the underwater cable of FIG. 1
with one outer housing portion removed;

FIG. 8 is an exploded view of a sensor unit as in the underwater cable of FIG. 1;

FIG. 9 is an axonometric view of another version of cable segments usable to
construct an underwater cable as in FIG. 1; and

FIG. 10 is an axonometric view of a sensor unit with a portion of its outer housing

removed to show its connection to cable segments as in FIG. 9.

DETAILED DESCRIPTION

A portion of an OBC showing two consecutive sensor nodes is illustrated in FIG. 1.
The cable 20 is constructed of a series of axially connected cable segments 22. A sensor unit
24 is connected in line between consecutive cable segments. Sensor units would typically be
spaced at regular intervals along the OBC, such as every 25 m, 50 m, or 75 m. The OBC is
laid on the seabed. In this example, the sensor units are shown with one or more vanes 26 that
dig into the seabed to improve seismic coupling between the sensors and the seabed.

One of the constituents of each sensor unit is a sensor module 28, as shown in FIG. 2.
The sensor module is a generally cylindrical tube closed at opposite ends by end plates 30,
31. Electrical connectors 32 on each end plate are used to feed cable power, signal, data, and
control wires or optical fibers in the OBC’s wire harness into and through the sensor module.
Housed in the scnsor unit is onc or more sensors, such as particle motion scnsors. For
example, geophones or accelerometers, such as a three-axis digital accelerometer 34, may be
used to sense motion caused by reflected seismic waves. The sensor in FIG. 2 is shown also
with a hydrophone 36 for sensing acoustic pressure. The hydrophone is connected to the
sensor module through a connector 38 in the end plate 30. Sensor unit electronics, including,
for example, the sensor, power supply, control, and communication circuits or logic are
mounted in the sensor module on one or more circuit boards 40, which terminate or tap into
the OBC wires fed through the connectors and the end plates. The sensor module shown has
four axially elongated vanes 26 extending outward from its periphery to help anchor the
sensor module into the seabed for robust seismic coupling.

The sensor module is housed in an outer housing, or carapace, consisting of two half

shells, one of which is shown in FIG. 3. The half shell 42, which may be identical to the other
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half shell, has an outer surface 44 surrounding an interior cavity 46 in which the sensor
module resides without a rigid connection to the shell. Axially elongated openings 48 extend
through the thickness of the half shell from the interior cavity and open onto the outer surface.
Two of the vanes of the sensor module protrude through the two openings in the half shell into
contact with the seabed. Internal circumferential grooves 50 at cach end of the half shell retain
support rings. Axial channels 52 are formed in the half shell on diametrically opposite sides of
the interior cavity. The two axial channels 52 are linked by linking channels 54 formed in end
portions 56 of the half shell. The linking channels open into ports 58 at cach end of the half
shell. The functions of the channels and the ports are described in more detail in reference to
FIGS. 7 and 8.

As shown in FIG. 4, the sensor module 28 is supported in a sleeve-like cradle 60
attached at opposite ends to support rings 62. The cradle is preferably made of a synthetic
mesh or fabric web with slits 64 through which the vanes 26 of the sensor module extend. The
support rings are retained in the grooves 50 in the half shell of FIG. 3. The cradle supports the
sensor module in the interior cavity 46 of the sensor housing and mechanically isolates the
sensor module from vibration noise in the OBC. The cradle could alternatively be made of a
firmer material, such as nitrile rubber or polyurethane, to help center the sensor module within
in the cavity.

One version of a cable segment linking two consecutive sensor units is shown in
FIGS. 5 and 6. The cable segment 66 is constructed of an outer jacket 68 covering an inner
core 70 filled with material to keep water out. The outer jacket is preferably made of
polyurcthanc; the core material is preferably polyethylenc. Elcctrical cable bundles 72 for
powering, controlling, and reading the sensors and related electronics run through the cable
segments and terminate in connectors 73 at each end. (The electrical cabling could
alternatively be configured as a single bundle or multiple bundles, rather than the two bundles
shown in FIG. 6.) Also running through each cable segments is one or more stress members
74, which carry the tension in the cable. The stress members are preferably high modulus fiber
ropes for strength, light weight, and flexibility with minimal stretch. They are preferably made
of synthetic materials such as Kevlar®, Vectran®, and Dyneema®. The synthetic ropes are
casier to handle, allow for longer cables, and provide better acoustic isolation from the cable
than more conventional wire ropes, which could also be used in applications not demanding
high noise isolation. The ends of the cable segment are further strengthened by strain relief

sleeves 76 to prevent the cable segments from breaking at their joints with the outer sensor
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housings. To minimize damage from crushing, the cable segments may be further wrapped in
metal armor. As shown in FIG. 5, the stress member in the example is a single endless rope
whose length exceeds twice the length of the cable segment as measured between opposite
ends of the segment’s jacket. The portions of the endless rope extending from the ends of the
cable segment form loops 78.

As shown in FIGS. 7 and 8, the loops 78, 78' of adjacent cable segments 66, 66'
overlap cach other in the axial and linking channels 52, 54 formed in the molded outer sensor
housing shell halves 42 on opposite sides of the housing’s centerline 79. The continuous
channels form paths for the stress members, but the channels could be discontinuous segments
sufficient to define continuous stress member paths encircling the sensor module. The ends of
the cable segments, including the strain relief sleeves 76, are received in the ports 58 at each
end of the shell halves. The stress members and the electrical cables extend through the ports
and the interior of the support rings 62. The clectrical cables’ connectors 73 mate with the
connectors 32 in the end plates of the sensor module 28. When the two shell halves are closed,
their confronting faces 75 are conventionally fastened against each other by screws or the like
to form the split carapace and close the channels. The shell halves clamp the ends of the cable
segments and the support rings 62 firmly in place. The cradle 60 supports the sensor module
28 in the interior cavity of the closed outer sensor housing. The cradle provides a degree of
seismic isolation from the cable segments. Additional seismic isolation is provided by the
stress members in the channels encircling the sensor module. The flexible stress members
damp vibrations from the cable to reduce noise in the sensors. Furthermore, the construction of
the cable out of individual cablc segments and split outer sensor housings makes it casy to
repair or replace damaged sensor units or cable segments. And the freedom of the stress
members to move back and forth slightly along the closed channels allows the stress members
to adjust themselves to share the tensile load.

A somewhat different version of OBC embodying features of the invention is shown
in FIGS. 9 and 10. In this version, cable segments 80 are not separable. They are linked by two
stress members 82, 83 running the length of the underwater cable. The cross section of the
cable segments through the strain relicfs is the same as for the cable segments of FIG. 5; i.e.,
as given by FIG. 6. The same outer housing shell halves 42 are usable with the cable of FIG.
9. Each stress member passes through the outer sensor housing in channels on opposite sides
of the sensor module 28. Otherwise, the sensor unit attaches to these cable segments in the

same way as to the separable cable segments.
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Both OBC versions described thus far suggest a hybrid version embodying features of
both FIG. 5 and FIG. 9. Such a hybrid cable would include a series of non-separable cable
segments asin FIG. 9 that include loops asin FIG. 5 at one or both ends of the cable. The
looped ends of two such cables could be joined at a sensor unit asin FIG. 8. Thiswould allow
multi-segment cable sections to be connected or disconnected along the length of a much
longer OBC.

FIG. 10 also shows the connectors and the hydrophone on the end plates of the sensor
tubes covered by oil-filled boots 84, 85 to prevent corrosive seawater from contacting and
corroding the connectors. The oil-filled boots may be used in the senor unitsin FIG. 7 aswell.

Although the invention has been described in detail with respect to afew preferred
versions, other versions are possible. For example, a single, multi-strand stress member with
two separated strands extending out the ends of each cable segment could be used instead of
the endless stress member or the two side-by-side stress members described in FIGS. 7 and 10.
As another example, the split outer sensor housing could be formed out of two
complementary, but non-identical portions. One set of the channels could be formed entirely
in afirst one of the portions and covered by the other second portion and the other set of
channels could be formed entirely in the second portion and covered by the first portion when
the two portions are clamped together. So, as these few examples suggest, the spirit and scope

of the claims are not meant to limited to the details of the preferred versions.
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What isclamed is;

1. Anunderwater cable comprising:
aplurality of cable segments including one or more stress members disposed axially
along the cable segments and extending past opposite ends of the cable segments;
one or more sensor units disposed aong the cable between successive cable segments,
each sensor unit including:
an outer sensor housing connected at opposite end portions to successive cable
segments and having an outer surface and an interior cavity;
a sensor module disposed in the interior cavity;
wherein the outer sensor housing has axial channels disposed between the interior
cavity and the outer surface of the outer sensor housing for receiving the one or
more stress members extending from the ends of the successive cable segments
connected to the outer sensor housing.
2. Anunderwater cable asin claim 1 wherein the outer sensor housing further includes

axially elongated openings through the outer surface extending into the interior cavity and

wherein the sensor module has axially elongated vanes extending through the openings
past the outer surface of the outer sensor housing.

3. Anunderwater cable asin claim 1 wherein the sensor module is mechanically isolated
from the outer sensor housing.

4. Anunderwater cable asin claim 1 wherein the sensor units include a cradle fastened at
opposite ends to the outer sensor housing for suspending the sensor module within the
interior cavity.

5. Anunderwater cable asin claim 4 wherein the sensor units further include rings retained
in the outer sensor housing at each end portion of the outer sensor housing at which the
opposite ends of the cradle are fastened.

6. Anunderwater cable asin claim 4 wherein the outer sensor housing further includes

axially elongated openings through the outer surface extending into the interior cavity and

wherein the sensor module has axially elongated vanes extending through the openings
past the outer surface of the outer sensor housing and wherein the cradle includes dlits
through which the vanes of the sensor modul e extend.
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7.

8.

0.

An underwater cable asin claim 1 wherein the cable segments include an electrical cable
extending out the ends of the cable segments and wherein the sensor module includes a
connector at each end to which the electrical cables are connected and wherein the sensor
unit further includes oil-filled boots covering the connectors.

An underwater cable asin claim 1 wherein each cable segment includes stress member
loops extending past the opposite ends of the cable segment.

An underwater cable asin claim 8 wherein each cable segment includes asingle endless
stress member encased in the cable segment with alength exceeding twice the length of

the segment to form the stress member |oops.

10. An underwater cable asin claim 8 wherein the axial channels are formed diametrically

opposite each other in the outer sensor housing and wherein the stress member loop of the
cable segment at one end of the sensor unit and the stress member loop of the cable
segment at the other end reside in the same channels, with the sensor module in the

interiors of the stress member loops.

11. An underwater cable asin claim 10 wherein the outer housing further includes a linking

channel in each end portion of the outer housing module communicating with the
diametrically opposite axial channels for receiving the distal end of the stress member

loop from the cable segment in the opposite end portion.

12. An underwater cable asin claim 1 wherein the one or more stress members encased in the

cable segments comprise a pair of stress members running the length of the underwater
cable.

13. An underwater cable asin claim 12 wherein the axia channels are formed diametrically

opposite each other in the outer sensor housing and wherein each stress member of the
pair residesin adifferent axial channel.

14. An underwater cable asin claim 1 wherein the outer sensor housing comprises two

complementary portions.

15. An underwater cable comprising:

aplurality of cable segments having one or more vibration-damping stress members
extending past opposite ends of the cable segments; and

aplurality of sensor housings housing a sensor and alternately arranged with the cable
segments to form an underwater cable;

wherein the sensor housings are split along confronting faces of opposite housing portions

defining paths for the stress members encircling the sensor.
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16. An underwater cable asin claim 15 wherein the paths for the stress members include
channels running along the length of the housing on opposite sides of the housing’s
centerline and opening onto the confronting faces for insertion and removal of the stress
members of adjacent cable segments when the split housing is open and wherein the
channels are closed when the split housing is closed

17. An underwater cable asin claim 15 wherein the stress members extending out the ends of
each cable segment form aloop at each end.

18. An underwater cable asin claim 17 wherein each cable segment includes a single endless
stress member encased in the cable segment with a circumference exceeding twice the
length of the segment to form the loops.

19. An underwater cable asin claim 15 wherein the stress members are synthetic fiber ropes.

20. An underwater cable segment comprising:
an endless stress member extending along the underwater cable segment and past

opposite ends of the cable segment to form aloop in the stress member at each end.

21. An underwater cable segment asin claim 20 further comprising an elongated outer jacket
extending along the length of the cable segment and encasing the portions of the endless
stress member not forming the loops.

22. A sensor unit for an underwater cable, comprising:

an outer sensor housing having an outer surface and an interior cavity;

a sensor module suspended in the interior cavity;

axially elongated openings through the outer surface extending into the interior cavity
and wherein the sensor module has vanes extending through the axially elongated
openings past the outer surface of the outer sensor housing.

23. A sensor unit asin claim 22 wherein the outer sensor housing comprises complementary
portions that form a clamp.

24. An underwater cable asin claim 21 wherein the sensor unit includes a cradle fastened at
opposite ends to the outer sensor housing for suspending the sensor module within the
interior cavity.

25. An underwater cable asin claim 24 wherein the sensor unit further includes rings retained
in the outer sensor housing at opposite ends of the interior cavity at which the opposite
ends of the cradle are fastened.



