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pressure of the water 22 acting on dia-  schematically illustrated in Fig.
7. The depth               phragm 88 and on the upper reinforcing plate
controller 120 is constructed in the same           90, and the diving
planes 38 will return to  manner as the depth controller 30 previously
diving positions to return the depth controller  described, except that the
ballast 122 for the             5 30 to the desired operating depth.
depth controller 120 is carried below the                 The diaphragm 88
may be sized to control housing 32 by a web or support 124, rather than
the operating depth of the depth controller 30  being in the housing as in
the previous embodi-               to a plus or minus variation which will
not  ment.               affect the efficiency of the seismic survey being
Placing the ballast farther below the cable            10 conducted. A two
foot change in depth of the  20, as in Fig. 7, tends to stabilize the
orientation 75 water 22 provides approximately a one pound  of the depth
controller which may tend to be               per square inch variation in
hydrostatic pres-  upset by twisting of the cable 20, and is there-
sure. Thus, the area of the diaphragm  88  fore desirable under some
operating conditions. exposed to the hydrostatic pressure of the  On the
other hand, the exposed surfaces of the            15 water 22 and to the
pressure in the tank 82  depth controller 120 are greater below the 80
will control the operating force available for  center line of the cable 20
than above the                application to adjust the diving planes 38.
In  center line of the cable 20, such that the depth                one
construction of depth controller 30, a  controller 20 is more subject to
disorientation                diaphragm 88 having an exposed area of seven
in response to cross currents than is the depth            20 square inches
has been used, and with this  controller structure disclosed in  Figs. 1 85
size of diaphragm,  the depth controller will be  through 6.
maintained within plus or minus two feet of          Embodiment of Fig. 8
the desired operating depth in a surveying    A second embodiment of the
depth con-                operation.
troller according to the invention is schematic-            25   It will be
understood that when each depth  ally illustrated in Fig. 8. This depth
controller 90                controller 30 is maintained at a predetermined
130 comprises a generally oval-shaped housing                operating
depth, the adjacent portion of the  132 secured symetrically on the cable
20 by                cable 20 will likewise be maintained at the  front and
rear bearings 134. Each bearing 134                desired depth, since any
vertical movement of  comprises an outer bearing bush or race 136
30 the depth controller 30 will be reflected in the  rigidly secured to the
inner surface of a tubular 95                adjacent portion of cable 20,
and vice versa. On  wall 138 of the housing 132, and an inner bush
the other hand, any twisting of the cable 20  or race 140 rigidly secured
around the cable 20.                will not effect the orientation of the
depth  The inner bearing race 140 has a circumferen-
controller  30, since the cable 20 may twist and  tial groove 142 in the
outer surface thereof            35 turn in the axial bore 46 of the depth
controller  loosely receiving the outer bearing race 136 100
and will simply move the inner bearing race 70  in a manner similar to that
previously described                with respect to the outer bearing race
72 and  to effectively journal the housing 132 on the                not
turn the depth controller. The depth con-  cable 20 and yet prevent
lengthwise movement                troller 30 will be virtually unaffected
by cur-  of the housing 132 along the cable.            40  rents, except
when the depth controller is in    The housing 132 is substantially hollow
and 105                the wake of the survey vessel as referred to
includes an upper tubular arm  144 and a                above, such that
the depth controller will lower tubular arm  146. A cylinder 148 is
remain oriented with the diving plane shafts 40  suitably secured in the
upper arm 144 in a                extending horizontally, and the diving
planes  fixed position and contains a piston 150            45 38 will
effectively control the depth of operation  slidingly movable therein. The
piston 150 is 110                of the depth controller.
continually urged in one direction by a spring                  Since the
cable 20 will be maintained at the  152, the compression of which may be
adjusted                desired operating depth by the depth con-  by an
adjusting screw 154 threadedly secured                troller 30, the cable
20 may be maintained out in one end 156 of the cylinder 148. The oppo-
50 of dangerfrom beingcutordamagedbyanother  site end of the piston 150 is
exposed to the 115                vessel cutting across astern of the
survey vessel hydrostatic pressure of the water in which the
24, and the cable 20 may be left in the water 22  paravane is immersed,
since the water com-                throughout, the night, with the seismic
survey-  municates with this face of the piston 150                ing
operation being continued if desired.  through ports 158 formed in the
walls of the            55  Further, since the cable 20 is maintained below
arm 144. It may also be pointed out that the 120  surface turbulence, the
noise picked up by the  setting of the adjusting screw  154 may be
detectors in the cable is maintained at a  controlled through an opening
168 in the                minimum. In fact, in one test, a cable held
housing arm 144 which is normally covered by                at a
predetermined depth by depth controllers  a removable plate 170.
60 30 experienced a 10: 1 signal-to-noise reduc-    A rod 172 projects from
the piston 150 and 125                tion over asimilar operation of the
cable when  has its free end 174 pinned to an arm 176.                the
cable was supported by floats from the  The arm 176 is in turn rigidly
secured to a                surface of the water.
shaft 178 which carries hydroplanes, or so-
Modification of Fig. 7            called diving planes or vanes, 180
positioned on           65   A slightly modified depth controller 120 is
opposite sides of the housing arm 144.  130         6
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130, and vice versa, such that    tains ballast 182 in the form of a lead
weight the depth controller 130 will maintain the    or the like which
tends to maintain the housing  adjacent portion of the cable 20 at the
desired    132 oriented as shown in Fig. 8 with the diving  operating
depth. 5 plane shaft 178 maintained horizontally. It    Embodiment of Figs.
9 and 10    will also be apparent that the housing 132    A third
embodiment of the depth controller    may be formed in upper and lower
sections for  according to the invention is schematically    ease of
assembly and disassembly of the para- illustrated in Figs. 9 and 10. This
depth con-    vane 130 on the cable 20 in a manner similar troller 200
comprises a hollow housing 202 10 to that disclosed in Figs. 1-6.
which may be formed in sections joined along 75      Before the depth
controller 130 is placed in  a line 204 for easy placement around the cable
water with the cable 20, the spring 152 is  20.  The housing 202 is
journaled on the cable    adjusted by the screw 154 for the desired  20 by
bearing portions schematically illustrated    operating depth. Since the
force exerted by  at 206 in the forward and rear ends of the 15 the spring
152 will be virtually unopposed when  housing.    the depth controller 130
is out of the water,   In this embodiment of the invention, a ring    the
piston 150 will be moved the maximum   gear 208 is rigidly  secured around
the cable    extent by the spring 152 to turn the diving  20 within the
housing 202 and is engaged by a    planes 180 into a diving attitude when
the  plurality of equally, circumferentially  spaced 20 depth controller
130 is first placed in the water. pinions 210. Each pinion 210 is provided
with 85    Therefore, the depth controller will quickly  flanges 214 on the
opposite ends thereof of a    dive.
size to overlap the respective ends of the ring      As the depth
controller 130 dives, the hydro-  gear 208 and prevent the housing 202 from
static pressure imposed on the piston 150  moving lengthwise along the
cable 20. Each 25 through the ports 158 will increase to move  pinion 210
is rigidly mounted on a shaft 216 90    the piston 150 against the spring
152 and having its opposite ends journaled in bearings    gradually
decrease the diving attitude of the  218. Each bearing 218 is in turn held
in the    diving planes 180. This movement of the piston  desired position
in the housing 202 by a plate    150 increases the spring compression and
also  220 extending inwardly from the outer walls 30 the air pressure  in
the cylinder as piston 150  ofthe housing in any desired manner. The shaft
95    is sealed against leakage of air around its  216 of one of thepinions
210 is connected by a    periphery. When the depth controller 130  belt
drive 222 to the output shaft of a reversible    reaches the desired
operating depth, the  electric motor 224. The motor 224 is rigidly
hydrostatic pressure of the water on the piston secured in the housing 202
in any desired 35 150 will equalize the force provided by the  manner.
100    spring 152 and the increased air pressure to    A pendulum 226 is
suitably journaled on a    place the piston 150 in what may be considered
shaft 228 supported in a horizontal position in    a neutral position and
position the diving planes  the housing 202 by a pair of bearings 230 and
180 in positions such that the depth controller supports  232, such that
the pendulum 226 40 130 will remain at said depth.           will tend to
swing transversely with respect 105      In the event the depth of
operation of the  to the cable 20 at any time the angular orienta-    depth
controller 130 is increased, as by forces  tion of the housing 202 is
changed. As schem-    imposed on the cable 120, the hydrostatic  atically
illustrated in Fig. 10, the pendulum    pressure in the water will increase
to force the 226 is connected to a source of electrical 45 piston in a
direction to further compress the  energy 234, such as a battery. Also,
opposed 110    spring 152 and adjust the diving planes 180  contacts 236
and 238 are positioned on opposite    into positions for raising the depth
controller. sides of the pendulum 226 and are connected    Conversely, in
the event the depth controller  to the forward and reverse inputs 240 and
242,    130 is inadvertently moved upwardly in the  respectively, of the
motor 224. 50 water, the hydrostatic pressure will decrease    The complete
depth controller 200 also 115    and the spring 152 will move the piston
150  includes hydroplanes or so-called diving planes    in a direction to
place the diving planes 180  and a pressure responsive device therein
similar    into diving positions and thereby lower the  to the depth
controller previously described in    depth controller back to the desired
operating  connection with Figures  1--6, or 8 to control 55 depth.
the operating depth of the depth controller.  120      The bearings 134
prohibit a twisting motion   In operation of the depth controller 200, the
of the cable 20 from being transmitted to spin  pendulum 226 will remain in
a vertical position    or turn the housing 132, such that the depth  as
long as the housing 202 is properly oriented,    controller 130 will remain
oriented in the water that is, as long as the housing 202 is not turned 60
with the diving plane shaft 178 extending  on the cable 20. If the housing
202 starts 125    horizontally, and the diving planes 180 will turning in
one direction, the pendulum 226    remain in the proper positions for
controlling  will contact one of the contacts 236 or 238    the depth of
operation of the depth cotroller.  to energize the motor 224 in one
direction.    On the other hand, any vertical forces imposed  The motor 224
will in turn drive the pinion 65 on the cable 20 will tend to raise or
lower the  210 connected thereto in a given direction. 130    [err]
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includes vertical and horizontal   14. A depth controller as claimed in
claim 13,    fixed fins secured to the exterior of the housing. wherein the
ballast is secured in the tower      4. A depth controller as claimed in
claim 2  portion of the housing and wherein the area of    or 3, wherein
said diving means comprises  the surfaces of the housing below the centre
line 5 diving planes rotatably secured to the opposite  of said bore
exposed to the water are equal to 70    sides of the housing, and means
interconnecting  the area of the surfaces of the housing above    the
diving planes for uniform adjustment of the centre line of said bore
exposed to the    the diving planes in response to the depth  water.
sensing means.                                  15. A depth controller as
claimed in claim 13 10   5. A depth controller as claimed in claim 2
wherein said ballast is positioned below the 75    or 3, wherein said
diving means comprises  housing    walls in the housing forming an inlet
passage-    16. A depth controller as claimed in claim 1,    way for
ambient water at the forward end of the  wherein said depth controlling
means includes    housing, a rearward and upwardly extending  horizontally
extending shafts journalled in the 15  passageway communicating with the
inlet  opposite sides of the housing, a diving plane 80    passageway and
the exterior of the housing, and  rigidly secured on each shaft, a pressure
a rearward and downwardly extending passage-  responsive member
reciprocally carried by the    way communicating with the inlet passageway
housing having one end thereof exposed to the    and the exterior of the
housing, and a vane  water through which the depth controller is 20
connected to the depth sensing means and  towed, an adjustable spring
engaging the 85    pivotably secured in the housing in a position
pressure-responsive  member whereby  the    to selectively at least
partially close off said  pressure-responsive member will move  in
upwardly and downwardly extending passage-  response to changes in depth of
the depth    ways to control the flow of water therethrough  controller
above and below a predetermined 25 as the housing is moved through the
water.  depth, and a linkage system connecting the go       6. A depth
controller as claimed in any  pressure-responsive member to said shafts for
preceding claim  in which the means for  turning said shafts and
controlling the settings    preventing lengthwise movement of the housing
of the diving planes.    relative to the member is constituted by said
17. A depth controller as claimed in claim 16, 30 bearing which is located
in said bore.     wherein said pressure-responsive member is 95       7. A
depth controller as claimed in claim 6, supported in the housing for
vertical movement    wherein said housing comprises an upper  with said one
end thereof exposed to said bore,    section, a lower section, and
fasteners securing  and wherein the diameter of said bore is larger    the
upper and lower sections around the  than the diameter of the member,
whereby the 35 member.                                       water through
which the depth controller is 100      8. A depth controller as claimed in
claim 6  moving contacts said one end of the pressure    or 7, wherein said
bearing comprises an inner  responsive member.    bush rigidly secured
around the member, and    18. A depth controller as claimed in claim 16,
an outer bush journalled on the inner bush and  wherein said shafts are
aligned with the center 40 rigidly secured to the housing within said bore.
line of said bore, and wherein said linkage 105       9. A depth controller
as claimed in claim 8, system includes a U-shaped yoke having its
wherein said inner bush is secured in said bore  free ends extending
upwardly and being sized    adjacent the forward end of the housing.  to
move vertically without interference with the       10. A depth controller
as claimed in claim 8  member, means for connecting the closed end 45 or 9,
wherein said inner bush comprises a ring  of the yoke to the
pressure-responsive member 110    having a circumferential groove in the
outer  to effect vertical movement of the yoke with the    periphery
thereof, and said outer bush com-  pressure-responsive member, and an arm
prises a ring of a material different from the
pivotablysecuredtoeachofthefteeendsofthe    inner bush ring and sized to
slidably fit in said  yoke and rigidly secured to the shaft on the 50
circumferential groove.                       respective side of the member
for turning the 115       11. A depth controller as claimed in claim 10
shafts upon movement of the pressure-respon-     as appendant to claim 7,
wherein said outer  sive member.     bush ring is formed in two sections,
one section    19. A depth controller as claimed in claim 18,     being
secured to the upper housing section  further including a semi-circular
shaped brace 55 and  the other section being secured to the  loosely
encircling one-half of the member and 120    lower housing section.
having its ends rigidly secured to the shafts to       12. A depth
controller as claimed in any of assure equal movement of the diving planes.
claims 9 to 11, wherein a secondary bearing is  20. A depth controller as
claimed in claim 1,    secured in the bore loosely around the member
wherein said housing is hollow and includes 60 adjacent the rearward end of
the housing.  buoyant material filling the available space in 125       13.
A depth controller as claimed in claim 2  the housing not required for said
bearing, and    or any claim appendant thereto, wherein said  depth
controlling means.    stabilizing means includes ballast carried by   21. A
depth controller as claimed in claim 1,    the lower portion of the housing
below the  wherein the means for counteracting rotational 65 member.
forces includes a ring gear rigidly secured 130
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respective pinion 210 will in turn engage  predetermined depth is reached,
the vane 318               the ring gear 208 and return the housing 202
will have been moved to a neutral position as               to the proper
angular orientation. In the event illustrated in Fig. 11. In the event the
depth               the housing 202 starts turning in the opposite
controller 300 is lowered from  the desired               direction the
pendulum 226 will contact the  operating depth, the vane 318 will be turned
by 70               opposite contacts 236 or 238 and energize the  the
pressure sensing device to partially close off               motor 224 in
an opposite direction to return  the passageway 314 from the inlet
passageway               the housing 202 to the desired position through
310. The water then flowing through the inlet               the driving
engagement of the pinion 210  passageway 310 will be directed downwardly
10 connected to the motor 224. The remaining  by the passageway 316 and the
centrifugal 75               pinions 210 act as idlers and equalize the
action thereof raises the depth controller 300               forces imposed
on the ring gear 208.      back to the desired operating depth.
Embodiment of Fig. 11             From the foregoing it will be apparent
that                  A fourth embodiment of the depth controller  the
present invention will effectively maintain            15 according to the
invention is schematically  a marine seismic detector cable at a predeter-
80               illustrated in Fig. 11. This depth controller 300  mined
depth in water as the cable is being               comprises an upper
housing section 302 and a  towed through the water. The noise received by
lower housing section 304 interconnected by  the detectors in the cable
will be substantially               forward and rear tubular portions 306.
The  reduced over previous operating techniques            20 tubular
portions 306 are journaled around the  and the cable can be left in the
water during the 85               cable 20, as by bearings of the type
shown in  night and, in fact, the seismic surveying               Fig. 8.
The lower housing section 304 contains  operations may be continued
throughout the               a suitable ballast 308, which will retain the
night if desired. The depth controller provided               lower housing
section 304 extending down-  by this invention will not be affected by
25 wardly below the cable 20 and will retain the  twisting of the cable, as
when the direction of 90                upper housing section 302 extending
upwardly  the surveying vessel is changed, such that the
above the cable 20.                           means for controlling the
depth of the depth                  The upper housing section 302 contains
controller will remain oriented in the proper                walls forming
an inlet passageway 310 com-  position and remain effective for controlling
30 municating with the forward end 312 of the  the depth, even as the cable
is turned.  95                housing; a rearwardly and upwardly extending
WHAT WE CLAIM  IS:-                arcuate passageway 314 communicating
with    1. A depth controller for an elongate mem- the passageway 310 and
the outer surface of the  ber, such as a seismic detector-cable, which
housing section 302; and a downwardly and  member is adapted to be towed
substantially            35 rearwardly extending arcuate passageway 316
horizontally through water, said depth con- 100
communicating with the inlet passageway 310  troller serving to maintain
said member at a                and the outer surface of the housing
section 302. pre-determined  depth and comprising an                A vane
318 is rotatably secured in the housing  elongate housing having an axial
bore extending                section 302 by a shaft 320 in a position to
along at least a part of its length, said bore            40 selectively at
least partially close off the pas-  being of a size to receive a portion of
said 105                sageways 314 and 316 from the inlet passage-
member and to allow rotation of said member                way 310. In
other words, referring to Fig. 11, about its longitudinal axis without
rotation of                when the vane 318 is turned counterclockwise,
said housing, a bearing for rotatably securing                the
passageway 314 will be at least partially  the housing to said member,
means for pre-            45 closed off, and when the vane 318 is turned
venting lengthwise movement of said housing 110                clockwise,
the passageway 316 will at least be  relative to said member, depth
controlling                partially closed from the inlet passageway 310.
means carried by the housing for maintaining                The shaft 320
is suitably connected to a  the depth controller at a predetermined depth
pressure sensing device as of the type shown in  in the water as the depth
controller is moved            50 either Fig. 3 or Fig. 8, such that the
vane 318  through the water by the member, and means 115
will be turned by variations in the hydrostatic  for counteracting
rotational forces imposed on                pressure of the water in which
the depth  the housing by the member and/or the water.
controller 300 is operating.                    2. A depth controller as
claimed in claim 1,                   In operation of the depth controller
300, wherein the second said means includes            55 the pressure
sensing device will turn the shaft stabilising means carried by the housing
below 120                320 to turn the vane 318 into a position partially
the member to counteract the rotational forces                closing off
the passageway 316 from the inlet imposed on the housing, and the depth
con-                310 when the depth controller 300 is first trolling
means includes depth sensing means                placed in the water.
Thus, as the depth con-  carried by the housing, said diving means
60 troller 300 is towed through the water, the  engaging the water and
being connected to the 125                water flowing through the inlet
passageway 310  depth sensing means so as to vary the depth of
and then upwardly and rearwardly through the  immersion of the depth
controller in response                passageway 314 will by centrifugal
action cause  to operation of the depth sensing means.                the
depth controller to dive toward the pre-    3. A depth controller as
claimed in claim 2,            65 determined depth of operation. When the
wherein the means for counteracting rotational 130
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least one pinion  cibed hereinbefore with reference to and as journaled in
the housing in a position to  shown in Figures 2 to 6, Figures 2 to 6 as
engage the ring gear and turn the housing  modified in accordance with
Figure 7, Figure       around the member, a reversible electric motor  8,
Figures 9 and 10, or Figure 11 of the accom- 25     5 in the housing
drivingly connected to said  panying drawings.       pinion, a source of
electrical energy for said    23. Apparatus for maintaining a seismic
motor, a pendulum secured in the housing so  detector-cable at a
predetermined depth as the       as to remain vertical when the housing
turns on  cable is being towed through water, said       the member and
being connected to the source  apparatus comprising a plurality of depth 30
10 of electrical energy, and switch-contacts in the  controllers each in
accordance with any       housing on the opposite sides thereof and
preceding claim and secured in spaced relation       positioned to be
selectively engaged by the  along the cable for maintaining the adjacent
pendulum upon turning of the housing on the  portion of the cable at said
predetermined       member, said contacts being connected to the  depth.
35    15 forward and reverse electrical input-connec-       tions of the
motor so as to maintain the housing     For the Applicants:       in a
predetermined angular orientation upon   F. J. CLEVELAND & COMPANY,
twisting of the member about its own axis.         Chartered Patent Agents,
22. A depth controller for a seismic detector-   Lincoln's Inn Chambers,
20 cable adapted to be towed substantially hori-       40-43 Chancery Lane,
zontaily through water substantially as des-          London, W.C.2.
Printed for Her Majesty's Stationery Office by J. Looker Ltd., Poole,
Dorset. 1969.            Published at The Patent Office, 25 Southampton
Building London, W.C.2, from which copies
may be obtained.    


