
6                                       1,070,609 and pressure readings on
control panels 1201    As shown in Figure 7 in the intermediate  65 and
1202, respectively, on  vessel 5 as  portion of the ramp 6, this connecting
means schematically shown in Figure 15.         comprises one or more
transversely extending, The sonic fathometers will generate a sonic
generally "U" shaped connecting conduits 5  signal which will be reflected
off the sub-  612 which are connected with the under- merged surface 2 so
as to provide a measure-  portions of tubular wall sections 604 and 605. 70
ment of the elevation of spaced points along    At the lower end of the
ramp 6, additional the camp 6 with reference to the surface 2. pontoon
structures are provided, the buoy- The pressure responsive fathometers will
pro-  ancy of which may be selectively and inde- 10  vide measurements of
the depth of a plurality  pendently controlled from the vessel 5. Thus, of
points of the ramp 6 beneath the surface  as shown in Figures 1 and 2, a
tubular pon-  75 4. With these measurements provided by the  toon length
613 is disposed beneath and sonic and pressure responsive fathometers, the
parallel to the pontoon 601 while another inclination of the ramp 6 may be
monitored  tubular pontoon length 614 is disposed be- 15  with reference to
both the surface 4 and  neath and parallel to the pontoon 602. Pon- the
surface 2.                            toons 613 and 614 may be
longitudinally  80 In addition, as schematically shown in  divided by
transverse bulk heads into longi- Figures 6 and 7, a plurality of
deflection type  tudinally spaced chambers in the same fashion strain
guages 14 may be mounted on the top  as that described in connection with
the pon- 20  (or bottom) of the ramp 6 so as to provide  toons 601 and 602.
Such a chamber of pon- an additional indication of any deflection in  toon
613, which is disposed beneath a cham- 85 the ramp 6. The deflection
indications pro-  ber 608 of the pontoon 601, may be con- vided by the
strain gauges 14 may be trans-  nected in non-fluid communicating relation-
mitted to a control panel on the vessel 5.  ship with this chamber by a
connecting conduit-like frame section 615 as generally 25    Ramp Structure
and Mode of Operation    shown in Figure 2. A similar connecting con- 90
The ramp 6 comprises a pair of generally  duit 616 will serve to
structurally interconnect parallel, tubular, and  horizontally spaced
superposed chambers of pontoons 602 and and aligned pontoons 601 and 602.
These  614. Laterally adjacent chambers of pontoons pontoons, while
preferably metallic and unitary  613 and 614 are placed in fluid
communicat- 30  in character, are flexible owing to their rela-  ing
relationship by a transversely extending  95 tive great length.
conduit section 617, disposed in relation to Each pontoon has a portion
which is sub-  these chambers in a manner akin to the dis- stantially
submerged and inclined and another  position of the conduits 612 which
place portion which is connected with the barge 5  chambers 608 and 611 in
fluid communicating 35  and which may be disposed with its axis ex-
relationship.                          100 tending generally horizontally.
Thus, as    Each such pair of laterally adjacent cham- shown in Figure 4,
the pontoon 601 includes  bers in pontoons 613 and 614, interconnected an
inclined and substantially submerged per-  by a transverse conduit 617, may
be provided tion 601a and a generally horizontally ex-  with separate
buoyancy control means, inde- 40  tending tubular portion 601b.
pendent of the buoyancy control means of 105 The pontoons are divided into
a series of  the chambers 603 in the pontoons 601 and longitudinally
displaced  buoyant compart-  602. ments as generally shown in Figure 6 and
7.    As will thus be appreciated, each set of One such compartment 603,
located in an  laterally adjacent pontoon chambers 608 and 45  intermediate
portion of the ramp 6, comprises  611 and their associated connecting
conduits 110 a tubular wall section 604 of the pontoon  612 defines, in
essence, a single, primary, 601 and another generally tubular wall por-
buoyancy controlling compartment. Similarly, tion 605 of the pontoon 602.
As illustrated  at the lower end of the ramp 6, each set of 



wall portions 604 and 605  are laterally  laterally adjacent chambers of
pontoons 613 50  adjacent each other, parallel and disposed  and 614
disposed beneath the pontoons 601  115 at substantially the same elevation.
and 602, and their associated connecting con- Transversely extending and
longitudially  duit sections defines an auxiliary, buoyancy spaced bulk
heads or walls 606 and 607 co-  controlling compartment. operate with the
pontoon wall portion 604 to    Ramp 6 may be divided longitudinally into 55
define a tubular chamber 608.  Similarly,  a plurality of longitudinally
displaced, buoy- 120 longitudinally spaced and transversely extend-  ancy
control compartments 603 as previously ing bulk heads or walls 609 and 610
co-  described.    Each such buoyancy control operate with wall 605 of
pontoon 602 to  compartment is provided with independently define another
closed chamber 611.        and selectively operable, buoyancy adjusting 60
Chamber connecting conduit means extend  means, the operation of which is
remotely 125 transversely between pontoon wall portions of  controllable
from  the vessel 5.  Thus, as laterally adjacent pontoon chambers and serve
schematically shown in Figures 6 and 7, in to place these chambers in fluid
communicat-  the  representative  compartment 603, the ing relationship.
chambers 611 and 608 are connected respec-    1,070,609 tively with air
lines 618 and 619. These air  they will not communicate with the chamber
lines extend to conventional air flow control  interiors. means on the
vessel 5. The flow control    When it is desired to increase the buoy-
means for the air flow lines of each individual  ancy of a buoyancy control
compartment, the 5  compartment such as the compartment 603  controls
associated with this compartment 70 are independently controllable from the
vessel  on the vessel 5 are operated so as to cause 5.
air to be introduced into the compartment Each buoyancy control compartment
is also  and water ballast to be displaced from the provided with
independently operable buoy-  compartment through open valve 620. When 10
ancy adjusting means for introducing water  it is desired to decrease the
buoyant effect 75 from the body 3 into the compartment. Thus, of a
compartment, the controls on the vessel as is schematically shown in Figure
2, a  5 associated  with that compartment are valve 620 is mounted on the
lower portion of  appropriately operated so as to allow water the
connecting conduit 617, which portion  to flow through the valve 620 to the
com- 15  will define the lowermost portion of the  partment and to allow
air within the com-  80 compartment when the ramp 6 is in its  partment to
be discharged through the air inclined position.
lines 618 and 619 and 621. Valve 620 comprises a remotely operable
Commercially  available  valve structures valve for controlling and
permitting the ad-  may be employed for the structure of the 20 mission of
water from the body 3 into the  valve 620. Similarly, commercially
available  85 compartment 603. This valve may be oper-  control mechanisms
may be employed to con- ated  remotely  by  fluid means conveyed  trol the
operation of the valve 620 and to through a conduit 621 extending to
appropri-  control the flow of air through the lines 618 ate control means
on the vessel 5.  The  and 619 and 621. Accordingly, the structure 25
control means for the valve 620 associated  of these elements is not shown
so as to avoid  90 with  each  compartment is independently  abscuring the
prominent aspects of the inven- operable.
tion. As shown schematically in Figure 15, At the lower end of the ramp 6
the buoy-  the independently operable controls for each ancy control
compartments 603 superposed  pontoon compartment may be disposed on a 30
above the pontoons 613 and 614 are pro-  control panel 512 on the vessel 5.
95 



vided with buoyancy control means such as    The  longitudinally  displaced
series of those described previously. However, in this  buoyancy control
compartments on the ramp portion of the ramp the connecting conduit  6
enables a longitudinal variation in the lifting 612 will be modified to
assume the configura-  forces applied by the ramp 6 to the pipe 35  tion
612a schematically shown in Figure  lines section 1d. By appropriately
adjusting 100 2 because of the dimensional interference  the buoyancy of
each  compartment, the provided by the pontoons 613 and 614.   flexible
pipe line and flexible ramp may be As schematically shown in Figure 2, a
maintained at the desired inclination with the water flow controlling valve
620 and air lines  axis of the pipeline and the axes of the pon- 40 621 may
also be provided for each separate  toons 601 and 602 remaining
substantially 105 buoyancy control compartment defined by  straight. As
will be appreciated, the buoy- laterally adjacent chambers of the pontoons
ancy of different compartments may be selec- 613 and 614. The control
mechanisms for  tively adjusted to offset tendencies for the these buoyancy
control means, like those  ramp or pipe line to sag at different locations.
45  associated with the pontoons 601 and 602,    The provision of the
additional pontoons 110 will extend to conventional control mechan-  613
and 614 at the lower end of the ramp 6 isms on the vessel 5.
enables the lower end of the ramp to impart In summary, it will be
appreciated that  a greater lifting force to the pipeline than the valve
620 may be viewed as first buoyancy  that which is imparted by other
portions of 50  adjusting means for selectively and indepen-  the ramp. The
pontoons 613 and 614 should 115 dently supplying ballast to each buoyancy
have a sufficient buoyant lifting capacity such control compartment.
Similarly, the air lines  that, in cooperation with superposed portions 618
and 619 and 621 may be viewed as second  of the pontoons 601 and 602, the
lower end buoyancy adjusting means for selectively and  of the ramp 6 may
exert a lifting force on 55  independently introducing air into the com-
the pipeline equal to half the weight of the 120 partments for causing the
expulsion or re-  pipeline section 1e, in addition to providing moval of
water ballast from the compartment  their share of support for the pipeline
section through  the  appropriately  opened  valves  1d. 620.
The chamber connecting conduit sections 60     The pontoons 601, 602,613
and 614 may be  which extend between pontoon chambers serve 125 provided
with connecting, conduit-like frame  to balance the lifting forces
generated by members which are structurally the same as  laterally adjacent
pontoon chambers. the connecting conduits 612 and 617. How-    The
substantially straight and horizontally ever, such frame members will be
blanked-off  disposed pontoon sections adjacent the vessel 65  with
reference to the pontoon chambers, i.e.  5 provide, above the ramp and in
the vicinity 130    8                                        1,070,609 of
the vessel 5, an unobstructed zone which  longitudinally spaced rollers
508b extends  65 facilitates the transition of the pipeline from   along an
opposite side of the frame 507. the ramp 6 to the vessel 5 along the
pipeline  The rollers in series 508a are inclined with length 1c.
respect to the rollers in 508b so as to define 5    In summary, it will be
appreciated that  an upwardly diverging, pipe cradling arrange- the ramp 6
buoyantly supports the pipeline  ment.
70 portion 1d with the axis thereof being sub-    As illustrated, each
roller 508 is rotatably stantially straight and inclined downwardly.
mounted on a supporting shaft such as the An unsupported pipeline portion
1c extends  schematically shown shaft 509 supporting a 10  upwardly over
the horizontal pontoon por-  roller in the series 508b. tions. The straight
inclination of the pipeline    A downwardly opening U-shaped bracket 75 



section 1d is maintained by selectively apply-  portion 507a provides a
mechanism for pivot- ing and controlling independently variable  ably
connecting the frame 507 to the pivot buoyant forces along the ramp 6. The
buoy-  shaft 506 as schematically shown in Figure 15  ant lifting forces
are generated within the  9. fluid body 3.
As illustrated, frame 507 includes longi-  80 tudinally extending channel
members 507b Structure for Slidably Supporting     and 507c as well as
centrally disposed, plate Pipeline                  members 507d and 507e
which support the The structure for slidably supporting the  roller pivot
shafts.  Plates 507d and 507e 20  pipeline 1 includes the plurality of
roller  are mounted on a top portion of bracket 507a. 85 assemblies 7
carried by the vessel 5. Roller  Transversely  extending,  reinforcing
webs assemblies 7 comprise first support means  507f and 507g serve to
interconnect the for supporting the portion la of the pipeline  bracket
507a and the channel members 507c with its axis extending in a straight and
and 507b. 25  generally horizontal line.                   A conventional,
selectively releasable, pipe- 90 The pipeline supporting mechanism addi-
type clamp 510 serves to clampingly engage tionally includes second support
means. This  the periphery of the reciprocable shaft 504. second support
means comprises a second  Clamp 510 defines abutment means securely
plurality of vertically adjustable rollers 8 for  engaged with the shaft
504 for preventing 30  slidably supporting the curved portion 1b  downward
movement of the roller assembly  95 of the pipeline.
8.  By appropriately adjusting the position Also  included  in  the  pipe
supporting  of the clamp 510 on the shaft 504, the eleva- mechanism  are a
plurality of longitudinally  tion of the rollers 508 may be appropriately
spaced roller assemblies carried by the ramp  determined. Alternatively,
hydraulic or pneu- 35  6. These ramp carried roller assemblies define
matic elevating, jack-like mechanisms may be 100 third support means for
the pipeline.      employed to selectively adjust the elevation The roller
assemblies 8 may each comprise  of the rollers 508. an assembly such as
that schematically shown    As shown, the deck 501 may include a in Figures
8 and 9.  Each such assembly is  step-like portion to flushly engage the
clamp 40  mounted on an inclined deck portion 501  510.
105 of the vessel 5.  Deck portion 501 slopes    As will be appreciated,
when a pipeline 1 is generally downwardly toward the connecting  supported
on the roller assembly 8, as shown mechanism 9. A generally tubular
mounting  in phantom line in Figure 9, the frame sleeve 502 is mounted
generally flush with  507 will pivot freely about the pivot shaft 45  the
deck 501 and projects downwardly to  506 so as to provide optimum,
automatically 110 supporting framework 503.                  conforming,
engagment between the rollers A vertically reciprocable support shaft 504
508 and the underside of the pipeline 1. is telescopingly disposed within
the tubular mounting sleeve 502. At the upper end of    Roller assemblies 7
may be similar to 50  support shaft 504 a pivot shaft 505 having  roller
assemblies 8.  However, the roller a longitudinal axis is mounted. Pivot
shaft  assemblies 7 need not include a pivotable 115 505 may be connected
to the upper end  connection  between  the roller supporting of support
shaft 504 by a schematically shown  frame and the frame supporting shaft or
bracket 506.  As illustrated, the horizontal  column. 55  axis of pivot
shaft 505 lies in a plane ex-    The  roller assemblies disposed on the
tending generally perpendicular to a vertical  intermediate and upper
portion of the ramp  120 plane extending along the longitudinal axis  6 are
schematically illustrated in Figures 3 of the pipeline sections la and lb.
and 7. As thereshown, a frame 623 on each A cradle-like frame 507 supports
a series  connecting conduit 612 supports a shaft 624. 60  of mutually
inclined, pipe cradle defining  A roller 625 is rotatably mounted on each 



rollers 508 as generally shown in Figure 9.  shaft 624. The axis of
rotation of each roller 125 A  series of longitudinally spaced parallel
625 is inclined relative to a horizontal plane rollers 508a extends along
one side of frame  and each roller is disposed so that the upper 507, while
another series of parallel and  roller surface faces generally toward the
center    1,070,609                                       9 of the space
between the pontoons 601 and  side of the pipeline portion 1d and trans-
602.                                       mitted through the connecting
conduit means As shown in Figure 7, rollers on adjacent  and ramp roller
assemblies to the underside connecting conduit 612 ace inclined in gener-
of the pipeline. 5  ally opposite direction but at the same degree    By
means of the connecting conduit means  70 of inclination.
extending transversely between adjacent pon- The  roller  arrangement
illustrated  in  toon chambers, the buoyant forces generated Figures 3 and
7 enables a pipeline 1, as  by the pontoons on each side of the pipeline
shown in phantom  line in Figure 3, to be  section 1d are balanced. 10
cradled by the alternately inclined rollers, with a general mid-portion of
each roller engaging   Mechanism  Connecting Ramp and        75 the
underside of the pipeline 1. This roller                 Barge arrangement
on the ramp 6 provides a pipe-    Structural details of the connecting
mechan- line centering action.                     ism 9, which pivotably
attaches the ramp 15    At the lower end of the ramp 6, each con-  6 to the
barge 5, are shown in Figures 4, necting conduit 617 may be provided with a
5 and 10 through 14.                      80 pair of frames 626 and 627
which support   In describing this connecting mechanism mutually inclined,
but generally transversely  reference will first be made to the basic em-
aligned, roller shafts 628 and 629, respec-  bodiment illustrated in
Figures 4, 5 and 20  tively.  Roller shafts 628 and 629, which  10 through
12. have coplanar axes, in turn rotatably support   In this basic
embodiment, a first plurality  85 pipeline carrying rollers 630 and 631.
As  of longitudinally extending, horizontally and will be recalled, the
lower end of the pontoon  laterally spaced mounting plates 901 are con- 601
may include a plurality of compartments, nected by a bracket 902 to the end
of the 25  each provided with at least one connecting  pontoon 602 adjacent
the barge 5.  A second conduit 617. Thus, a series of longitudinally
plurality of longitudinally extending and hori-  90 spaced, paired rollers
may be provided at  zontally and laterally spaced mounting plates the lower
end of the ramp 6.               903 are connected by a bracket 904 to the
The rollers on the ramp 6 are supported  end of the pontoon 601 facing the
barge 5. 30  by the connecting conduit means, as above  A pivot shaft 905
projects transversely of the described, and are disposed at an elevation
pontoons 601 and 602, connects the ends of 95 lower than the centers of the
pontoons 601  the pontoons adjacent the barge 5, intersects and 602 so as
to provide an inherently stable,  apertured portions of the mounting plates
901 pipe cradling support. With this supporting  and 903, and is connected
to and supported 35  arrangement the rollers on the ramp 6 sup-  by these
plates. port the pipeline portion 1d with the longi-    A first plurality
of longitudinally extending  100 tudinal axis of the pipeline disposed
beneath  and horizontally and laterally spaced recessed and centered
between the longitudinal axis  retaining plates 907 are connected to the
hous- of the pontoons 601 and 602.              ing means 908 and project
from housing means 40    With the pipeline supporting arrangement  908
generally toward the mounting plates 901. above described, the rollers 7
slidably sup-  A second plurality of longitudinally extending 105 port the
pipeline section 1d such that its longi-  and horizontally and laterally
spaced recessed 



tudinal axis is substantially horizontal.  The  retaining plates 909 are
also carried by the rollers on the ramp 6 slidably support a  housing means
908 and project generally 45  pipeline portion 1d such that its
longitudinal  toward the mounting plates 903. axis is substantially
straight and inclined    As shown in Figure 10, each pair of adjacent 110
downwardly.                                retaining plates 907 is disposed
at least parti- Roller assemblies 8 slidably support curved  ally between
each pair of adjacent mounting pipeline portion lb and automatically
conform  plates 901.   In the embodiment shown in 50  to the curvature of
this section.          Figure 10 two such pairs of retaining plates An
unsupported pipeline section 1c extends  907 are disposed between two
recesses de- 115 between the ramp 6 and the roller assemblies  fined by
three mounting plates 901. 8 while another unsupported portion le ex-
Each of the identical retaining plates 907 tends from the lower end of the
ramp 6 to  and 909, as shown in Figure 12 in connec- 55  the submerged
surface 2.                   tion with the representative plate 907, has On
the ramp 6 the longitudinally displaced,  an upwardly opening and diverging
recess 910. 120 buoyancy controlling compartments are em-    The recessed
retaining plates 907 and 909 ployed to exert selectively variable buoyant
comprise mounting means, the recesses 910 lifting forces on the pipeline
portion  1d.  which receive and support the pontoon pivot 60  These forces
are independently and remotely  shaft 905 and prevent downward movement
variable longitudinally along the pipeline per-  of this shaft.
125 tion 1d and are generated adjacent thereto.    Latching means included
in the connecting The buoyant lifting forces imposed by the  mechanism 9
serve to secure the pontoon ramp 6 upon the pipeline section 1d are  pivot
shaft 905 in the retaining plate recesses 65  generated generally laterally
of and on each  910.    10                                       1,070,609
This latching means comprise a plurality  Transverse force applied to the
lever 920 of laterally and horizontally spaced plate-like  will induce
pivotable action of the shaft 919 hooks which are mounted between and thus
so as to in turn cause pivotable movement of protected  by the retaining
and  mounting  the detents 918. 5  plates.
Each detent is longitudinally aligned with, 70 One plurality of plate-like
hooks 911 is  and engageable with, a hook 915 or a hook mounted on a first
pivot shaft 912 in generally  911. As shown in Figure 11, the detents 918
longitudinal alignment with the pontoon 601. may be pivoted downwardly to
engage and The hooks 911 are rotatably mounted on  secure the hooks when
they are in a pontoon 10  the shaft 912, with the axis of the shaft 912
shaft securing position.  In this position of 75 extending horizontal and
generally perpendicu-  the detents 918, the hooks are prevented from lar to
the plates 909.   Each individual  pivoting cut of pontoon shaft securing
posi- hool 911  is disposed between  a pair of  tion. With the detents at
an upper position, retaining plates 909.  An individual, fluid  which may
be limited by a schematically 15  operated, piston and cylinder assembly
913  shown abutment rod 921, the hooks 911 and  80 is pivotably connected
to a hook 911 and a  915 may undergo free pivotable movement. bracket 914
on the housing means 908. Fluid    Housing means 908 is supported above a
supplied to the piston and cylinder assembly  cantilever type platform  502
which projects 913 under the influence of a control mechan-  outwardly from
the stern of the vessel 5 gener- 20  ism disposed on the barge 5 serve to
induce  ally toward the ramp 6. A pair of fluid oper-  85 selective
pivoting action of the hook 911  ated piston and cylinder mechanisms 922
about the shaft 912.  Thus, by appropri-  and 923, respectively, serve to
cause selective ately supplying fluid to the piston and cylin-  adjustments
in elevation of the housing means 



der mechanism  913, the hook 911 may be  908 and thus serve to adjust the
elevation 25  caused to pivot toward the shaft 905 so as  of the end of the
ramp 6 adjacent the vessel 90 to secure the shaft within the recess of
mount-  5. In the arrangement shown in Figure 11, ing plates 909 or to
pivot toward the hous-  the cylinder 922a of the piston and cylin- ing
means 908 so as to allow the pontoon  der mechanism 922 is mounted on the
plat- shaft 905 to be moved upwardly out of the  form 502 while the piston
rod 922b is con- 30  plate recesses.                            nected by a
bracket 924 to the housing means  95 The  latching  means  includes
another  908. The axes of the piston rod 922b and plurality of hooks 915
generally longitudin-  the cylinder 922a extend vertically upwardly ally
aligned with the pontoon 602. Hooks  from the platform 502. 915 are mounted
on a pivot shaft 916, the    The piston and cylinder mechanism  923 35
axis of which is coaxial with the axis of the  may be secured to the
housing means 908  100 shaft 912.                                 and the
platform  502 in a manner identical Each hook 915 is provided with an
individu-  to that described in connection with the ally operable piston
and cylinder mechanism,  mechanism 922. such as the mechanism  913
associated with    Pressurized fluid mray be supplied to the 40  each hook
911. Each hook 915 is mounted  piston and cylinder mrechanisms 922 and 923
105 for independent pivotable movement between  to induce selectively
controlled changes in a pair of adjacent retaining plates 907, as
elevation of the upper end of the ramp 6 shown in Figure 10.
under the influence of conventional control As will be appreciated, the
control mechan-  means disposed on the barge 5. Such con- 45  ism on the
vessel 5 for operating the hook  trol means, for example, may be mounted on
110 movement inducing, piston  and  cylinder  a control panel 925.
mechanisms may effect simultaneous or in-    A  pair of generally
vertically extending dividual pivotable action of the hooks 915  and
horizontally spaced T-shaped rails 926 and 911.
and 927 are connected to the stern end of 50    The mechanisms for
controlling the opera-  the vessel 5 as generally shown in Figure 10, 115
tion of the hooks 911 and 915 may be dis-  with the head portions thereof
facing toward posed on a control panel 917 on the vessel  the ramp 6. A
pair of T-slot defining rail 5.
guides 928 and 929 are connected to the A detent arrangement may be
employed to  housing means 908. The rail 926 is disposed 55  positively
secure the hooks 911 and 915 in  within the T-shaped slot of the guide 928
120 their position shown in Figure 11 where they  such that the guide is
stabilized for vertical prevent movement of the pontoon shaft 905  sliding
movement.  The T-shaped rail 927 upwardly out of the retaining plate
recesses,  is similarly disposed in connection with the This detent
arrangement may comprise a  guide 929. Thus, the rails 926 and 927 and 60
plurality of detents 918 connected to a hori-  the rail gudes 928 and 929
comprise rail 125 zontal shaft 919. Shaft 919 may be journaled  means for
causing the housing means of the in the retaining plates 909 and 907 as
connecting means 9 to travel through a vertical schematically shown in
Figure 10. An oper-  path. ating lever 920 may be secured to one end    A
pair of horizontally spaced, camming 65  of the rotatable detent mounting
shaft 919.  plates 930 and 931 are connected to the hous- 130    1,070,609
11 ing means 908 and diverge generally hori-  These abutment plates serve
to engage the zontally and toward the camp 6.   These  sides of tongue 932
to limit the free pivotable camming plates are adapted to cammingly
movement between the housing 908a and 908b guide the ramp end supporting
the shaft  to a predetermined acute angle. 



5  905 into centered alignment with the recessed retaining plates 907 and
909. These plates       Tensioning Mechanism and Mode of         70 thus
facilitate the positioning of the pairs of              Operation retaining
plates between  mounting  plates    Structural details of the tensioning
mechan- carried by the ramp 6, as shown generally in  ism 10 are
illustrated in Figures 15, 16, 17, 10  Figure 10.  Thus, the camming plates
930  18 and 19. and 931 serve to guide the pivot shaft means    Tensioning
mechanism  10 includes a first,  75 905 into connecting alignment with the
re-  generally vertically reciprocable frame 1001. cessed retaining plates.
Frame 1001 supports a plurality of rotatable, The ramp end 6 supporting the
pivot shaft  dual, air inflated  (and  thus compressibly 15  905 may be
moved into connected relation  yieldable) and rubber (and thus friction re-
with the recessed retaining plates of the con-   sistant or gripping) tire
assemblies 1002 as  80 necting means 9 by a hoisting mechanism   generally
shown in Figures 15 and 16. The carried on the deck of the vessel 5.   The
dual tire assemblies carried by frame 1001 ramp 6 may be floated into
position adjacent  are disposed such that each assembly 1002 20  the stern
of the vessel 5 to enable this hoist-  has a horizontal axis of rotation
extending ing mechanism to engage the ramp end and  generally perpendicular
to a vertical median  85 lift it so as to bring the pivot shaft 905  plane
extending through the longitudinal axis into connected relation with  the
recessed  of the pipeline section la.  The axes of retaining plates.
rotation of the various assemblies 1002 carried 25    Figures 13 and 14
illustrate a refined em-   by the frame 1001 are aligned in a common
bodiment of the connecting means 9 which  horizontal plane so as to be
disposed sub-  90 enables limited horizontal pivotable move-  stantially
equidistant from and above the pipe- ment between the camp 6 and the vessel
5.    line section la as shown in phantom line in In this embodiment the
housing means 903  Figures 15, 16 and 17. 30  is divided into two pivotably
interconnected  As illustrated in Figure 16, each dual pneu- housings 908a
and 908b.                      matic tire assembly 1002 is mounted on a  95
The first housing 908a supports the cam-  shaft 1003 which is journaled in
bearing assem- ming plates 930 and 931, the recessed retain- ing plates 909
and 907 and the pivoted hooks  blies 1004 and 1005.  Bearing assemblies 35
911 and 915 and their associated and cylinder   1004 and 1005 are mounted
on frame 1001 operating mechanisms, as generally shown in    as
shematically shown in Figure 17. Figure 14. The second housing means 908b
Mechanism  10  additionally  includes  a 100 supports the rail guides 928
and 929 and is  second stationary frame 1005.  Frame 1006 slidably
connected to the stern of the vessel  supports a second plurality of
rotatable, dual, 40  5.                                           pneumatic
and rubber tire assemblies 1007. A  tongue-like portion  932 is connected
Each dual tire assembly 1007 has an axis of to the housing 908a and
projects into a recess  rotation which extends horizontally and gener- 105
933 of the housing 908b.  A vertical pivot  ally perpendicular to a median
plane extend- shaft 934  is  rigidly  supported  between  ing through the
longitudinal axis of the pipe- 45  vertically spaced plates 935 and 936 in
the  line section 1a. housing 908b. Tongue 932 supports a cylin-    The
axes of the dual tire assemblies 1007 drical housing 937 which confines and
sup-  carried by the frame 1006 are spaced hori- 110 parts a resilient
cylindrical bushing 938. Pivot  zontally along the axis of the pipeline
section shaft 934 extends through and is rotatable  1a and are aligned in a
common horizontal 50  within bushing 938 as generally shown in   plane.
With this disposition, the axes of Figure 14.
rotation of the dual tire assemblies 1007 are With this arrangement, the
housing 908a  generally equidistant from and disposed be- 115 and 908b may
undergo relative horizontal  low the pipeline section la. pivotable
movement about the vertical axis    Each dual tire assembly 1007 is
supported 



55  of the pivot shaft 934. The resilient bushing  on a rotatable shaft
1008. Each such shaft 938 will accommodate some relative twisting  1008 is
journaled in bearing assemblies 1009 between these housings. Thus, the
embodi-  and 1010, which bearing assemblies are sup- 120 ment illustrated
in Figures 14 and 15 will,  ported on frame 1006 as generally shown in to
some extent, accommodate relative pivot-  Figure 17. 60  able  or twisting
movements between  the    As illustrated in Figures 15, 16 and 17, barge 5
and ramp 6 induced by surface wave  each assembly 1002 is superposed above
an action.                                      assembly 1007.  The
assemblies 1002 and  125 Housing 908b may be provided with hori-  1007  are
arranged  such that a common zontally spaced abutment plates 939 and 940
median vertical plane extending between the 65  disposed on opposite sides
of the tongue 932.  pneumatic tires of each assembly 1002 and    12
1,070,609 1007 passes through the longitudinal axis    One outflow  line
1035 extends from  the of the pipeline section 1a.                  slide
valve 1033 and branches to communi- As illustrated in Figure 17, the tires
in  cate in parallel with the upper ends of the each assembly 1002 are
coaxially mounted  cylinders 1013 and 1014.  Another outflow 5   on a shaft
1003. Similarly, the tires in each  conduit 1036 extends from  the slide
valve  70 assembly 1007 are coaxially mounted on a  1033 and branches to
communicate in parallel shaft 1008.                                  with
the lower ends of the cylinders 1013 Selectively controlled vertical
reciprocation  and 1014. of the frame 1001 relative to the frame 1005    As
schematically shown in Figure 18, line 10  is effected by a pair of
hydraulically operated   1036 may be provided with the flow control  75
piston and cylinder assemblies 1011 and 1012.  means comprising a check
valve 1037 which In the embodiment illustrated in Figure 15,  permits flow
toward the lower ends of the the cylinder components 1013 and 1014 of
cylinders 1013 and 1014 but prevents flow in these assemblies are connected
to a vessel  the opposite direction.  A  known pressure 15  deck portion
511.  The piston rods 1015  maintaining valve 1038 included in this flow
80 and 1016 of these assemblies are connected  control means permits flow
from  the lower with opposite ends of the frame  1001 as  ends of the
cylinders 1013 and 1014 to the generally shown in Figure 15.
slide valve 1033 only when fluid pressure is Stabilization of the vertical
movement of  exerted on the upper ends of the pistons 20  the frame 1001 is
obtained by guide columns  associated with the piston rods 1015 and  85
1017 and 1018 which project vertically up-  1016 sufficient to overcome an
hydraulic back wardly from  the deck section 511.  Guide  pressure acting
beneath the pistons within columns 1017 and  1018 are telescopingly
cylinders 1013 and 1014 and balancing the received within generally
cylindrical portions  weight of the frame 1001 and its various 25  1019 and
1020 of the frame 1001.            associated components.  In this fashion,
the  90 The dual tire assemblies 1002 are inter-  valve 1038 serves to
prevent the frame 1001 connected in series driving relationship by a  from
falling when pressurized hydraulic fluid sprocket chain mechanism 1021. A
hydraulic-  is not supplied to the lower ends of the cylin- ally operated,
rotary motor 1022 carried by  ders 1013 and 1014. 30  the frame 1001 serves
to impart torque to    As schematically shown in Figure 18, the  95 one of
the shafts 1003 of the first plurality of  central portion 1033a of the
spool valve 1033 dual tire assemblies as schematically shown  is ported so
as to prevent the supplying of in Figures 16 and 17. This transmission of
pressurized fluid to either of the lines 1035 torque is effected by a
schematically illus-  and 1036. When this neutral position por- 35  trated,
sprocket chain mechanism  1023.      tion of the valve 1033 is disposed in
com- 100 



The second plurality of dual tire assemblies  munication with the lines
1035 and 1036 1007  are interconnected  in series driving  as shown, the
lines 1035 and 1036 are dis- relationship by a schematically shown sprocket
posed in fluid communication.  Thus, should chain mechanism 1024. A
hydraulically oper-  any inadvertent movement of the frame 1001 40  ated
rotary motor 1025 imparts torque to one  occur while the valve is in this
neutral posi- 105 of the shafts 1008 associated with one of the  tion,
fluid will be transferred from one end assemblies in the second plurality
of dual  of the cylinders to the other to prevent the tires.  A
schematically shown sprocket chain  forming of air pockets in the circuit.
mechanism  1026 serves to transmit torque    When the valve portion 1033b
is disposed 45  from the motor 1025 to this one shaft 1008.  in
communication with the lines 1032, 1034, 110 As  illustrated, hydraulic
motor  1025  is  1035 and 1036, hydraulic pressure will be mounted on frame
1006.                       supplied to the upper ends of the cylinders
Figures 18 and 19 schematically illustrate  1013 and 1014 so as to move the
piston rods hydraulic operating and control circuits which  1015 and 1016
downward and thus lower the 50  may be employed to operate and remotely
frame 1001. When the valve portion 1033c 115 control the tensioning
mechanism  1010.      is disposed in fluid communication with the The
operating circuit schematically shown  lines 1032, 1034, 1035 and 1036,
pressurized in Figure 18 includes a sump or source 1027  hydraulic fluid
will be supplied to the lower of hydraulic fluid. A pair of pumps 1028
ends of the cylinders 1013 and 1014 so as 55  and  1029 may be employed to
transmit  to cause the elevation of the piston rods 1015  120 pressurized
hydraulic fluid along a conduit  and 1016 and thus elevate the frame 1001.
1030 to a conventional, relatively high pressure    A conduit 1039 extends
from the down- regilating or maintaining valve 1031.   A   stream side of
pressure regulating valve 1031 branch conduit 1032, downstream  of valve
to a manually operable, slide valve 1040. 60  1031, serves to transmit
relatively high pres-  Slide valve 1040 serves to control the supply- 125
sure fluid, the pressure which is determined  ing of pressurized operating
fluid to the rotary by valve 1031, to a known, manually oper-  motors 1025
and 1022. ated slide valve 1033.  A fluid return line    Relatively low
pressure is maintained in 1034 extends from  the slide valve 1033 to  the
line 1039, i.e. pressure lower than that in 65  the sump 1027.
line 1032, by a conventional, flow pressure  130    1,070,609
13 regulating or maintaining valve 1041.  Low  ing mechanism  10 and at a
location where pressure regulating valve 1041 is disposed in  the overall
pipelyaing operation may be ob- a conduit 1042 which branches from conduit
served. Thus, the controls 1046 and 1048 1049  and  communicates with
return line  may be mounted on a control panel 1052. 1034.
Control panel 1052, as well as the previously  70 A return conduit 1043
extends from slide  noted control panels 622, 917, 925, 1201 and valve 1040
to return line 1034.            1202, may be disposed in an elevated tower
An outflow line 1044 extends from the slide  512, as generally shown in
Figures 1 and 15. valve 1040 and branches to communicate, in  An operator
in this tower thus has control 10  parallel, with a supply port on one side
of  over the overall pipe laying operation and can  75 the rotary motors
1022 and 1025. Another  observe the entire operation from his loca- outflow
line 1045 extends from the slide valve  tion. 1040 and branches to
communicate, in parallel    The slide valves 1033 and 1040, which are with
other supply ports in the rotary motors  manually operable, may be located
in close 15  1022 and 1025. In a known fashion, pressur-  proximity to the
tensioning mechanism  10. 80 ized fluid supplied through the line 1044
Thus, for example, these slide valves may be 



will induce counter directional rotation of  mounted on a control panel
1053 located these motors tending to tension the pipeline  immediately
adjacent  to  the  tensioning in one direction, while fluid supplied
through  mechanism 10. 20  the line 1045 will induce counter directional
It will be understood that the structure of 85 rotation of the motors
tending to tension the  the valve regulating devices and hydraulic pipeline
in an opposite direction.         motors shown schematically in Figures 18
The central or neutral portion 1040a of the  and 19 are known in character
and represent slide valve is ported so as to prevent the  commercially
available structures. For these 25  supplying of pressurized fluid from the
line  reasons, details of these structures have not 90 1039 to either of
the outflow lines 1044 or  been illustrated. 1045. When an operating
portion 1040b of    In summary, it will be appreciated that the the slide
valve is placed in communication  dual tire assemblies 1002 comprise a
first with the lines 1039, 1043, 1044 and 1045,  plurality of rotary means
adapted to engage 30  pressurized fluid will be supplied to the line  the
upper side of the pipeline section la.  95 1045 so as to flow in parallel
to the motors  Dual tire assemblies 1007 comprise a second 1022 and 1025 to
cause their counter direc-  plurality of rotary means adapted to engage
tional rotation. When the opposite operating  the underside of the pipeline
section la. portion 1040c of the slide valve 1040 is  The piston and
cylinder assemblies 1011 and 35  placed in communication with the lines
1039,  1012 provide means for causing selective 100 1043, 1044 and 1045
pressurized fluid will  convergences and  separation  of the first be
supplied to the line 1044 so as to cause  plurality of rotary means 1002
and the the counter directional rotation of the motors  second plurality of
rotary means 1007. The 1022 and 1025 in directions opposite to those
hydraulic motors 1022 and  1025 provide 40  resulting from the flowing of
fluid through  means for applying torque forces to the dual 105 the line
1045.                             tire assemblies 1002 and 1007. Rotary
motors 1022 and 1025 may be pro-    While a pipeline is being laid, the
frame vided with conventional safety mechanisms  1001 is depressed so as to
cause the dual including braking devices which operate auto-  tire
assemblies 1002  and  1007 to com- 45  matically in response to a failure
in the  pressively and frictionally engage generally  110 hydraulic system.
Thus, if the hydraulic sys-  opposite sides of the pipeline section la. tem
should fail, the tire assemblies 1002  Torque is imparted to the dual tire
assem- and 1007 would maintain some holding action  blies by the hydraulic
motors 1022 and 1025 on the pipeline 1.                         such that
the dual tire assemblies 1002 and 50    Each of the flow regulating valves
1031  1007 exert a series of longitudinally spaced, 115 and 1041 may be
provided with fluid respon-  continuously effective, tensioning forces on
sive pressure, setting mechanisms of a known  the top side of the pipeline
section la as and commercially available character. Thus,  well as on the
lower side of this pipeline a hydraulic actuated control 1046 may be
section. 55  connected with high pressure regulating valve    The magnitude
of the compressive force 120 1031 by a connecting conduit 1047. Similarly,
exerted by the assemblies 1002 and 1007 a hydraulic control 1048 may be
associated  against the pipeline section la, and the magni- with the low
pressure regulating valve 1041  tude of the torque forces exerted by these
and connected with this valve by a conduit  dual tire assemblies on this
pipeline section, 60  1049. Conduits 1050 and 1051, respectively,  are
appropriately adjusted by manipulation of 125 may extend from the control
units 1046 and  the controls 1046 and 1048 so as to maintain 1048,
respectively, to a source of hydraulic  the desired holding and tensioning
effect on actuating fluid not shown.                 the pipeline 1.
Desirably, the dual tire assem- Controls 1046 and 1048 are preferably dis-
blies should engage the pipeline and exert 65  posed at a location remote
from the tension-  tensioning forces thereon as a result of torque  130  



14                                         1,070,609 applied to the
assemblies of a magnitude just  one or more of the dual tire assemblies be-
sufficient to prevent the free sliding of the  comes damaged or inoperable
it may become pipeline 1 along the ramp 6. This will pre-  necessary to
appropriately increase the pres- vent the pipeline from  moving freely down
sure of hydraulic fluid supplied to the motors 5   the ramp 6 under the
influence of its own  1022 and 1025 and/or the hydraulic piston  70 weight
so as to cause buckling of the pipe-  and cylinder assemblies 1011 and
1012. line in the vicinity of the submerged surface 2.
Advantages and Scope of Invention Under certain circumstances, it may be
With the structure and mode of operation 10  desirable to retrieve a
portion of a submerged  of the overall invention having been des- pipeline,
i.e. bring a portion of the line back  cribed, principal advantages of
various aspects  75 onto the vessel 5. This may be readily accom-   of the
invention have been demonstrated. plished by applying sufficient torque to
the    The flexible, buoyant ramp for supporting rotary, dual tire
assemblies 1002 and 1007  a straight, inclined, and submerged section 15
feed the pipeline back onto the vessel 5.    of a pipeline provides a
uniquely effective Under other circumstances, it may  be  mechanism  for
minimizing pipe stress and  80 desirable to reverse the direction of
pressur-  providing optimum and continuously effective ized fluid through
the hydraulic motors 1022  pipe support along the length of the inclined
and 1025 so as to positively feed the pipeline  and submerged straight pipe
section.   The 20  1 onto the ramp 6.
longitudinal variations in buoyant lifting force During the usual pipe
laying operation a  which may be imparted by the ramp are  85 predetermined
torque will be applied to the  particularly effective from  the standpoint
of dual tire assemblies 1002 and 1007 so as  overcoming pipe and ramp
sagging. to  continuously  maintain  a predetermined    The unitary
structure of the ramp is such 25  tension on the pipeline 1. While the
vessel  as to avoid structural and operational com- 5 is stationary, the
fluid torqued, dual tire  plexity and is such as to facilitate and simplify
90 assemblies 1002 and 1007 will compressively  pipeline laying operations.
Additionally, the engage the pipeline so as to prevent rotation  unitary
character of the ramp facilitates the of these assemblies but will
compressively  ease with which the ramp and barge may be 30  engage the
pipeline with such force as to  transported and assembled for pipe laying
be prevented from rotating. It will be under-  operations.  While a barge
is being moved  95 stood, however, that even though stationary,  from one
operating site to another, the ramp i.e. the torqued  dual tire assemblies
will  may be detached from the connecting mechan- continuously exert spaced
tensioning forces on  ism and transported on the barge or vessel 35  the
pipeline.  This tension  is maintained  itself. even while the vessel 5 is
moving ahead during    The tensioning mechanism  is particularly  100 the
pipelaying operation.  Such movements  effective in that it provides means
for continu- of the vessel will cause rotation of the norm-  ously
tensioning a pipe during pipe laying ally  stationary, pipe  tensioning
dual tire  operations.  In applying a series of longi- 40  assemblies 1002
and 1007. When such rota-  tudinally spaced, pipe tensioning forces, the
tion occurs the rotary motors 1022 and 1025  tensioning mechanism is above
to maintain an  105 will merely function as pumps, in a manner  effective
tensioning action regardless of the well understood, and will maintain the
pre-  inoperable  or ineffective character of one determined pipe tension.
or more of the tensioning elements or irregu- 45    While a pipeline is
being tensioned it may  larities in the pipeline periphery. develop that a
recessed pipeline portion, such  The  tensioning  device  is  additionally
110 as the section 1g shown in phantom  line in  significant in that it
inherently centers and 



Figure 15, may be disposed within the tension-  stabilizes the portion of
the pipeline with ing mechanism 10. As illustrated, the section  which it
is engaged. 50  1g is a welded joint portion of a pipeline    The
resilient, compressible, and friction which is coated, except at such
welded joints,  gripping characteristics of the pneumatic tires 115 with
protective material such  as cement.  employed in the tensioning mechanism
provide Portion 1g, is annularly recessed, would not  a highly effective,
rugged, yet economical, ordinarily be engaged by the dual tire assem-
pipeline tensioning arrangement.  Addition- 55  blies.   However, the
remaining dual tire  ally, the character of the dual pneumatic tire
assemblies in the mechanism 10 will engage  assemblies employed in the
tensioning mechan- 120 the pipeline and exert a sufficient tensioning  ism
is such as to greatly facilitate repair force.
operations when an assembly becomes dam- In the event that one or more of
the dual  aged. Repairs may be effected with the case 60  tire assemblies
should become damaged or  with which a normal flat tire is repaired.
otherwise inoperable as a result of the pipe    The  connecting  mechanism
is uniquely  125 laying  operation, the remaining  dual live  advantageous
in that it provides a rugged assemblies will remain operable so as to
connecting structure in which the latching impose the desired tension on
the pipeline 1.  elements are housed or protected by inter- 65  It will be
understood, of course, that when  leaved mounting and retaining plates.
The    1,070,600                                       15 plurality of
individually operable, latching  and remotely varying the submerged
position  65 hooks provides a latching mechanism which  of the supported
portion of the elongated is structurally rugged and which is effective
flexible means and for independently varying even though one or more of the
hooks become  a plurality of buoyant lifting forces applied 5  damaged.
longitudinally along the said portion, and The connecting mechanism  is
additionally  means for applying and maintaining selectively  70
advantageous in that it enables the elevation  variable tension to the said
elongate flexible of the upper end of the ramp to be adjusted  means
exerted in a direction tending to pre- so as to provide optimum pipeline
support and  vent movement of the said inclined portion 10  minimize
pipeline stress.  This adjustment  towards the said submerged surface. may
be effected from the vessel so as to ro-    2. An  apparatus, for laying
elongated  75 mote operational efficiency and improve the  flexible means
on a submerged surface, com- safety of the pipeline laying operation.
prising means for buoyantly and slidably sup- The ability of the connecting
mechanism to  porting a portion of the elongated flexible 15  accommodate
horizontal and vertical pivotable  means with the longitudinal axis thereof
sub- movement between the ramp and barge and to  stantially straight and
inclined relative to a  80 accommodate relative twisting movement be-
horizontal plane and with the supported por- tween the ramp and barge
minimizes the  tion at least in part submerged, means for possibility of
incurring damage to the equip-  selectively and remotely varying the
inclina- 20  ment resulting from wave action.             tion of the
supported portion of the elongated The disposition of operating or control
flexible means and for independently varying  85 mechanisms at an elevated
site from  which  a plurality of buoyant lifting forces applied the entire
pipeline laying operation may be  longitudinally along the said portion,
and observed contributes to overall efficiency and  means for applying and
maintaining selec- 25  safety in pipe laying operations and mini-  tively
variable tension to the said elongate mizes the number of operating
personnel  flexible means exerted in a direction tending  90 required.
to prevent movement of the said inclined por- The use of diverse
inclination monitoring  tion towards the said submerged surface. 



systems for the ramp provides significant    3. An apparatus according to
claim 1 com- 30  advantages.  This arrangement enables con-  prising means
for selectively and remotely tinuously effective  monitoring even though
adjusting the elevation of the upper end of  95 wave action may temporarily
interfere with  the supported portion of the elongated flexible the
pressure responsive  readings or sub-  means. merged surface variations may
interfere with    4. A floating vessel, for laying elongated 35  the
significance of the sonic readings.      flexible means on a submerged
surface, in- Those skilled in the pipelaying art and  cluding, an elongated
ramp, connecting means 100 familiar with the disclosure of this invention
adapted to pivotably attach the elongated may recognize certain
modifications which  ramp to the floating vessel in such a way that would
fall within the purview of the inven-  the said ramp extends longitudinally
away 40  tion.  For example, the configuration and  from  the vessel and is
pivotably mounted numbers of pontoons in the ramp may be  about a generally
horizontal axis, remotely  105 varied from the arrangement described. The
operable elevating means for selectively ad- structural arrangement,
configuration, and  justing the elevation of the connecting means numbers
of components in the connecting  relative to the vessel, a first plurality
of 45  mechanism may be varied.                    rotary means carried  by
the vessel and In the tensioning mechanism, rotary pipe  adapted  to
engage the elongated  flexible 110 engaging members other than the
pneumatic  means to be laid on the submerged surface, dual tire assemblies,
might advantageously be  a second plurality of rotary means carried
employed. In addition, the orientation of the  by the vessel and also
adapted to engage the 50  axes of rotation of the rotary members may
elongated flexible means, means for causing be varied.  For example, three
dual tire  selective convergence and separation of the 115 assemblies could
be employed to compressively  first and second plurality of rotary means
and engage generally opposite sides of the pipeline,  for applying torque
forces thereto, the said with two such assemblies having mutually  first
and second plurality of rotary means 55  inclined axes of rotation so as to
define a  being adapted to engage generally opposite pipe cradling roller
arrangement on the under-  sides of the elongated flexible means so as 120
side of the pipeline.                       to compressively engage the
elongated flexible means, exert a series of longitudinally spaced, WHAT WE
CLAIM  IS:-                        continuously effective, tensioning
forces on one 1. An apparatus for laying elongated flex-  side of said
elongated flexible means, and to 60  ible means on a submerged surface,
compris-  exert a series of longitudinally spaced, con- 125 ing means for
buoyantly and slidably sur-  tinuously effective, tensioning forces on a
porting a portion of the elongated flexible  generally  opposite  side of
the  elongated means with the supported portion being at  flexible means.
least in part submerged, means for selectively    5. A vessel according to
claim 4, wherein    1,070,609                                      15
plurality of individually  operable, latching  and remotely varying the
submerged position  65 hooks provides a latching mechanism which  of the
supported portion of the elongated is structurally rugged and which is
effective  flexible means and for independently varying even though one or
more of the hooks become  a plurality of buoyant lifting forces applied 5
damaged.                                    longitudinally along the said
portion, and The connecting mechanism is additionally  means for applying
and maintaining selectively  70 advantageous in that it enables the
elevation  variable tension to the said elongate flexible of the upper end
of the ramp to be adjusted  means exerted in a direction tending to pre- so
as to provide optimum pipeline support and  vent movement of the said
inclined portion 



10  minimize pipeline stress.  This adjustment  towards the said submerged
surface. may be effected from the vessel so as to to-    2. An apparatus,
for laying elongated  75 mote operational efficiency and improve the
flexible means on a submerged surface, com- safety of the pipeline laying
operation.   prising means for buoyantly and slidably sup- The ability of
the connecting mechanism to  porting a portion of the elongated flexible 15
accommodate horizontal and vertical pivotable  means with the longitudinal
axis thereof sub- movement between the ramp and barge and to  stantially
straight and inclined relative to a  80 accommodate relative twisting
movement be-  horizontal plane and with the supported por- tween the ramp
and barge minimizes the  tion at least in part submerged, means for
possibility of incurring damage to the equip-  selectively and remotely
varying the inclina- 20  ment resulting from wave action.           tion of
the supported portion of the elongated The disposition of operating or
control flexible means and for independently varying  85 mechanisms at an
elevated site from which  a plurality of buoyant lifting forces applied the
entire pipeline laying operation may be  longitudinally along the said
portion, and observed contributes to overall efficiency and  means for
applying and maintaining selec- 25  safety in pipe laying operations and
mini-  tively variable tension to the said elongate mizes the number of
operating personnel flexible means exerted in a direction tending  90
required.                                 to prevent movement of the said
inclined por- The use of diverse inclination monitoring  tion towards the
said submerged surface. systems for the ramp provides significant    3. An
apparatus according to claim 1 com- 30  advantages.  This arrangement
enables con-  prising means for selectively and remotely tinuously
effective monitoring even though  adjusting the elevation of the upper end
of 95 wave action may temporarily interfere with  the supported portion of
the elongated flexible the  pressure responsive readings or sub-  means.
merged surface variations may interfere with    4. A floating vessel, for
laying elongated 35  the significance of the sonic readings.    flexible
means on a submerged surface, in- Those skilled in the pipelaying art and
cluding, an elongated ramp, connecting means 100 familiar with the
disclosure of this invention  adapted to pivotably attach the elongated may
recognize certain modifications which  ramp to the floating vessel in such
a way that would fall within the purview of the inven-  the said ramp
extends longitudinally away 40  tion.  For example, the configuration and
from  the vessel and is pivotably mounted numbers of pontoons in the ramp
may be  about a generally horizontal axis, remotely  105 varied from the
arrangement described. The  operable elevating means for selectively ad-
structural arrangement, configuration, and  justing the elevation of the
connecting means numbers of components in the connecting  relative to the
vessel, a first plurality of 45  mechanism may be varied.
rotary  means carried  by  the vessel and In the tensioning mechanism,
rotary pipe  adapted  to engage the elongated flexible 110 engaging members
other than the pneumatic  means to be laid on the submerged surface, dual
tire assemblies, might advantageously the  a second plurality of rotary
means carried employed. In addition, the orientation of the   by the vessel
and also adapted to engage the 50  axes of rotation of the rotary members
may  elongated flexible means, means for causing be varied.  For example,
three dual tire  selective convergence and separation of the 115 assemblies
could be employed to compressively  first and second plurality of rotary
means and engage generally opposite sides of the pipeline,  for applying
torque forces thereto, the said with two such assemblies having mutually
first and second plurality of rotary means 55  inclined axes of rotation so
as to define a  being adapted to engage generally opposite pipe cradling
roller arrangement on the under-  sides of the elongated flexible means so
as 120 side of the pipeline.                      to compressively engage
the elongated flexible means, exert a series of longitudinally spaced, WHAT
WE CLAIM  IS: -                     continuously effective, tensioning
forces on one 



1. An apparatus, for laying elongated flex-  side of said elongated
flexible means, and to 60  ible means on a submerged surface, compris-
exert a series of longitudinally spaced, con- 125 ing means for buoyantly
and slidablv sup-  tinuously effective, tensioning forces on a porting a
portion of the elongated flexible  generally  opposite  side of the
elongated means with the supported portion being at flexible means. least
in part submerged, means for selectively    5. A vessel according to claim
4, wherein    16                                        1,070,609 the
connecting means comprises a generally  so as to adjust the inclination of
at least a horizontally extending pivot shaft carried by  submerged and
inclined portion of the ramp the ramp, a recessed mounting connected to  to
a predetermined position, to maintain the the elevating means and adapted
to receive  position, and to maintain the lower end of 5  the pivot shaft
and support it against down-  the ramp at a predetermined elevation above
70 ward movement, a latch connected with the  the submerged surface, and
said control means elevating means, a pivot mounting to support  including
separate controls for the first and the latch for pivotal movement,
remotely  second buoyancy adjusting means whereby an operable operating
means for effecting pivotal  upwardly directed buoyant force exerted by 10
movement of the latch to cause it to co-  each of the compartments may be
selectively  75 operate with the recessed mounting to secure  and
independently varied. the pivot shaft thereto.                       9. A
vessel according to claim 4 wherein 6. A vessel according to claim 5,
wherein  the ramp includes a plurality of mutually in- the connecting means
further includes a first  dependent and selectively variable, buoyancy 15
housing supporting the latch, the recessed  adjusting means displaced
longitudinally there-  80 mounting, and the remotely operable operat-
along, the said buoyancy adjusting means in- ing means, a second housing
connected with  cluding a portion adjacent to the outermost the remotely
operable elevating means, a pivot  extremity of the ramp to impart a
greater connection between the first housing and the  buoyant lifting force
to the outermost end 20  second housing for pivotal movement about a  than
is applied by other portions of the buoy-  85 substantially vertical axis,
and an abutment  ancy adjusting means at a mid portion of to limit relative
pivotal movement between  the ramp and at a portion of the ramp the
housings.                                adjacent to the said connecting
means. 7. A vessel according to claim 4 wherein    10. A vessel according
to claim 4 for laying 25  the means for causing separation and converg-  an
elongated flexible conduit on a submerged  90 ence of the first and second
plurality of  surface and including an elongated unitary rotary means and
for applying torque forces  and vertically flexible ramp, the connecting
thereto comprises a first, generally vertically  means pivotably attaching
the elongated ramp movable frame supporting the first plurality  to the
floating vessel being arranged in such a 30  of rotary means with the axes
of rotation  way that the ramp extends longitudinally  95 thereof
longitudinally spaced, extending trans-  away from the floating vessel and
can pivot versely of a median plane extending longi-  about a generally
horizontal axis and the said tudinally of the elongated flexible means, and
ramp having at least a portion submerged and disposed  generally
equi-distant from  and  inclined relative to a horizontal plane and 35
above the elongated, flexible means, a second  a lower end terminating
above the submerged  100 stationary  frame  supporting  the  second
surface. plurality of rotary means with the axes of    11. A floating
vessel according to claim 10 rotation thereof longitudinally  spaced, ex-
including first support means on the floating tending transversely of the
median plane, and  vessel for supporting a portion of the elongated 40
disposed generally equidistant from and below  flexible conduit for axial
slidable movement 105 



the said elongated flexible means, an hydraulic  therealong with the axis
of the supported por- piston and cylinder interconnecting the first  tion
extending in a generally straight line, and second frames and adapted to
selectively  second, vertically adjustable, support means effect generally
vertical movement of the  on the floating vessel for supporting a portion
45  first frame, a first, fluid operated, rotary motor  of the elongated
flexible conduit for axial, 110 carried by the first frame and adapted to
im-  slidable movement therealong with the axis pert torque to the first
plurality of rotary  of the supported portion curved, third support means,
a second, fluid operated, rotary motor  means carried by the ramp for
supporting a carried by the second frame and adapted to  portion of the
elongated flexible means for 50  impart torque to the second plurality of
rotary  axial, slidable movement therealong with the 115 means, and wherein
the first and second  axis of the supported portion extending in a rotary
means each comprises a plurality of co-  generally straight line, the said
elongated axially mounted pairs of pneumatic tires.    flexible conduit
being disposed in such a 8. A vessel according to claim 4 wherein the  way
that a portion is supported for axial 55  elongated  ramp  comprises  a
plurality  of  slidable movement on the first supporting  120 mutually
independent compartments displaced  means, a portion is supported on the
second longitudinally  therealong  and  wherein  the  supporting means for
axial slidable move- vessel further includes first buoyancy adjust-  ment,
a portion is supported on the third sup- ing means for selectively and
independently  port means for axial slidable movement, a 60  supplying
ballast to each of a plurality of  portion thereof is unsupported between
the  125 the compartments, second buoyancy adjusting  lower end of the ramp
and the submerged means for selectively and independently re-  surface, and
a portion lies on the submerged moving ballast from each of a plurality of
the  surface. compartments, control means for operating      12. A
floating vessel according to claim 65  the first and second buoyancy
adjusting means  10 wherein the ramp includes a plurality of 130
1,070,609                                          17 mutually independent
compartments displaced  to exert a series of longitudinally spaced, con-
longitudinally therealong, and including first  tinuously  effective,
tensioning  forces on  a buoyancy adjusting means for selectively and
generally opposite side of the elongated flexible independently supplying
ballast to each of a  means. 5  plurality of the compartments, second buoy-
15. A vessel according to claim 14 wherein  70 ancy  adjusting  means for
selectively  and  the said means for causing separation and independently
removing ballast from each of  converging of the first and second plurality
a  plurality  of the  compartments, control  of rotary means and for
applying torque forces means operable from  the floating vessel for  to
thereto comprises a first, generally vertic- 10  operating the first and
second buoyancy adjust-  ally  movable  frame  supporting  the  first  75
ing means so as to remotely adjust the in-  plurality  of rotary means with
the axes of clination of at least the submerged and inclined  rotation
thereof longitudinally spaced, ex- porion of the ramp to a predetermined
posi-  tending transversely of a median plane ex- tion, maintain  said
position, and maintain  tending longitudinally of said elongated flex- 15
the lower end of the ramp at a predetermined  ible  means, and  disposed
generally  equi-  80 elevation above the submerged surface, the  distant
from and above said elongated flexible said control means including
separate controls  means, a second stationary frame supporting for first
and second longitudinally displaced  the second plurality of rotary means
with buoyancy  adjusting  means for each  of a  the axes of rotation
thereof longitudinally 20  plurality of the compartments, whereby an
spaced, extending transversely of the median  85 upwardly directed buoyant
force exerted by  plane, and disposed generally equidistant from 



each of the plurality of compartments may  and below  the elongated
flexible means, an be selectively and independently varied.       hydraulic
piston and cylinder interconnecting 13. A floating vessel according to
claim 12  the first and second frames and adapted to 25  including remotely
operable elevating means  selectively effect generally vertical movement
90 for selectively adjusting the elevation of the  of the first frame, a
first fluid operated rotary connecting  means relative  to  the  floating
motor carried by the first frame and adapted vessel, a first plurality of
rotary means carried  to impart torque to the first plurality of rotary by
the floating vessel and adapted to engage  means, a second fluid-operated
rotary motor 30  the elongated flexible conduit, a second plur-  carried by
the second frame and adapted  95 ality of rotary means carried by the
floating  to impart torque to the second plurality of vessel and also
adapted to engage the said  rotary means, and wherein the said first and
elongated flexible conduit, means for causing  second rotary means each
comprises a plur- selective convergence and separation of the  ality of
coaxially mounted pairs of pneumatic 35  first and second plurality of
rotary means and  tires.                                       100 for
applying torque forces to the first and      16. A vessel according to
claim  15 where- second plurality of rotary means, the said  in the first
plurality of rotary means are inter- first and second plurality of rotary
means  connected in series relationship, wherein the being adapted to
engage generally opposite  first fluid operated rotary means is drivingly
40  sides of said elongated flexible conduit so as  connected to one of the
first plurality of 105 to compressively engage the elongated flexible
rotary means, wherein the second plurality conduit, exert a series of
longitudinally spaced  of rotary means are interconnected in series
tensioning forces on one side of said elongated  relationship, wherein the
second fluid oper- flexible conduit, and to exert a series of longi-  ated
rotary means is drivingly connected with 45  tudinally spaced tensioning
forces on a gener-  one of the second plurality of rotary means, 110 ally
opposite side of said elongated flexible  and wherein the vessel further
includes means conduit.                                      for supplying,
pressurized fluid to the first 14. A floating vessel, for laying elongated
and second fluid operated rotary motors, with flexible means on a submerged
surface, includ-  the first and second, fluid operated, rotary 50  ing a
first plurality of rotary means adapted to  motors being connected in
parallel fluid cir- 115 engage the elongated flexible means to be laid
cuit relationship. on the submerged surface, a second plurality    17. A
vessel according to claim  16 includ- of rotary means also adapted to
engage the  ing means for supplying relatively high pres- elongated
flexible means, means for causing  sure operating fluid to the hydraulic
piston 55  selective convergence and separation of the  and  cylinder
interconnecting the first and  120 first and second plurality of rotary
means and  second frame means, means for supplying for applying torque
forces to the first and  relatively low pressure operating fluid to the
second plurality of rotary means, the said first  first and second, fluid
operated rotary motors, and second plurality of rotary means being  first
hydraulic control means for selectively 60  adapted to engage generally
opposite sides of  and remotely varying the pressure of fluid  125 the said
elongated, flexible means so as to  supplied to the hydraulic piston and
cylinder, compressively engage the elongated flexible  second hydraulic
control means for selectively means, exert a series of longitudinally
spaced,  and remotely varying the pressure of fluid continuously effective,
tensioning forces on  supplied to the first and second, fluid oper- 65  one
side of the elongated flexible means, and  ated rotary motors, and means
for continu-  130    18                                       1,070,609
ously maintaining a predetermined hydraulic  to the elongated flexible
means exerted in a pressure acting upon the hydraulic piston and  direction
tending to prevent movement of the 



cylinder tending to prevent downward move-  inclined portion toward the
submerged surface. 4 ment of the first frame.                     20. A
method according to claim 19 where- 5    18. A method of laying elongated
flexible  in a first series of longitudinally spaced means, on a submerged
surface, comprising  tensioning forces is exerted on one side of buoyantly
and slidably supporting a portion  the elongated flexible means and wherein
of the elongated flexible means with the said  another series of
longitudinally spaced tension-  45 portion being at least in part
submerged,  ing forces is applied on a generally opposite 10  selectively
and remotely varying the sub-  side of the elongated flexible means. merged
position of the said portion of the    21. A method according to claim 20
where- elongated flexible means and independently  in each of the
tensioning forces is created by varying a plurality of buoyant lifting
forces  compressively engaging rotary torque supplied  50 applied and
spaced longitudinally along the  means against the periphery of the
elongated 15  said portion, and continuously applying and  flexible means.
maintaining a selectively variable tensioning    22. A vessel according to
any of claims 4 force to the elongated flexible means exerted  to 17
including sonic fathometer means for in a direction tending to prevent
movement of  measuring the elevation of a plurality of 55 the inclined
portion toward the submerged  points, spaced longitudinally along the ramp
20  surface.                                   with reference to the
submerged surface, pres- 19. A method of laying elongated flexible  sure
responsive means for measuring the sub- means, on a submerged surface,
comprising  merged distance of a plurality of points, spaced buoyantly and
slidably supporting a portion  longitudinally along the ramp, and means for
60 of the elongated flexible means with the longi-  displaying the
elevation and submerged dist- 25  tudinal axis of the supported portion
sub-  ance measurements on the floating vessel. stantially straight and
inclined relative to a    23. A floating vessel substantially as herein-
horizontal plane and with the said portion  before described in connection
with the accom- at least in part submerged, selectively and  panying
drawings.                        65 remotely adjusting the elevation of the
upper    24. A method of laying elongated flexible 30  end of the portion
of the elongated flexible  means on a submerged surface substantially as
means, selectively and remotely varying the  hereinbefore described in
connection with the inclination of the portion of the elongated
accompanying drawings. flexible means and independently varying a plurality
of buoyant lifting forces applied        WITHERS & SPOONER, 35  and spaced
longitudinally along the said por-       Chartered Patent Agents, tion, and
continuously applying and main-              148-150, Holborn, taining a
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